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Abstract 

The U.S. Army Forces Command (FORSCOM) has tasked the U.S. Department of Energy (DOE) 
Federal Energy Management Program (FEW), supported by the Pacific Northwest Laboratory,@ to 
identi&, evaluate, and assist in acquiring all cost-effective energy projects at Fort Irwin. This is part of a 
model program that PNL is designing to support energy-use decisions in the federal sector. 

This report provides the results of the fossil fuel and electric energy resource opportunity (ERO) 
assessments performed by PNL at the FORSCOM Fort Ikvin facility located near Barstow, California. It is 
a companion report to Volume 1, Executive Summary, and Volume 2, Baseline Detail. 

The results of the analyses of EROs are presented in 16 common energy end-use categories (e.g., boilers 
and furnaces, service hot water, and building lighting). A narrative description of each ERO is provided, 
along with a table detailing information on the installed cost, energy and dollar savings; impacts on 
operations and maintenance (O&M); and, when applicable, a discussion of ener& supply and demand, 
energy security, and environmental issues. A description of the evaluation methodologies and technical and 
cost assumptions is also provided for each ERO. Summary tables present the cost-effectiveness of energy 
end-use equipment before and after the implementation of each ERO and present the results of the life-cycle 
cost (LCC) analysis indicating the net present value (NPV) and savings-to-investment ratio (SIR) of each 
ERO. 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial 
Institute under Contract DE-ACO6-76RLO 1830. 
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Summary 

The U.S. Army Forces Command (FORSCOM) has tasked the U.S. Departnient of Energy (DOE) 
Federal Energy Management Program (FEm),  supported by the Pacific Northwest Laboratory (PNL), to 
identify, evaluate, and assist in acquiring all cost-effective energy projects at Fort Irwin. This is part of a 
model program that PNL is designing to support energy-use decisions in the federal sector. This report 
describes the methodology used to identify and evaluate the energy resource opportunities (EROs) at Fort 
Irwin, provides a life-cycle cost (LCC) analysis for each ERO, and prioritizes the EROs based first upon 
whether or not they have a positive net present value (NPV) and second upon their savings to investment 
ratio (SIR). The SIR (the ratio of present value of the total savings to the present value of the installed 
cost) is used to prioritize EROs and is only applied to projects deemed cost-effective by nature of their 
positive NPV. EROs with negative NPVs, therefore, will not have an associated SIR measurement. 
Analysis results are presented in sixteen common energy end-use categories (e.& boilers and furnaces, 
service hot water, and building lighting). 

The Fort Irwin analysis made use of the newly developed Facility Energy Decision Screening (FEDS) 
software. The FEDS software is designed to identify, characterize, and assess individual energy projects. 
At this point in the software development, the FEDS software analyzes most major building end uses 
(heating, cooling, lighting, envelope insulation, and service hot water), including their interactive effects 
(e.g., the effect a lighting technology has on heating and cooling loads) providing specific cost, energy 
(and demand) charges, and life-cycle cost information, by cost-effective technology. The remaining EROs 
(motors, transmission and distribution, vehicles, etc.) are analyzed using manual (hand) calculation 
methods. 

The use of two analysis methods complicates reporting of summary results. The FEDS software 
calculates its own baseline energy consumption based on 30-year average weather data, while the manual 
calculations use information developed in Volume 2, Baseline Detail. This results in some inconsistencies 
in reporting summary results between the two calculation methods. Further details on the FEDS software 
and the summary results are provided in Sections) 1 and 3. 

As illustrated in Table S.l, the present value (PV) of the installed cost of all lEROs constituting the 
minimum LCC efficiency resource (Le., cost-effective) at Fort Irwin is approximately $23.9 million in 
1994 dollars (1994$). The PV of the energy and demand, O&M, and Replacement savings associated with 
This investment is approximately $87.3 million, for an overall NPV of $63.6 million. 

Table S.2 provides a breakdown and summary of the cost-effective energy resource at Fort Irwin. The 
electric utility supplier, Southern California Edison Company (SCE), has stated that Fort Irwin can 
participate in their rebate program, Therefore, this analysis Was completed using all applicable SCE 
rebates. Rebate amounts are included in the economic assumptions and results of each ERO section. If no 
cost-sharing with the utility can be arranged, the economic analysis can be redone at any time. 

Table S.l. Total. Savings, Cost, and IWV (1994$) 

Total Present 

Installed cost All Savings 
23.908.628 87,274,447 

V 
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Table S.2. Summary of the Cost-Effective Energy Resource at Fort Irwin (1994$) 

Notes: 
(a) Data of this level of detail are not normally available from FEDS Level-2. All values from the Level-;! SOW are approxiamate. and 

(b) These totals axe the sum of the manual EROs and the output from the Level-2 software. They will not necessarily be the sum of the 
axe shown only to represent the magnitude of the savings from each end use. 

numbers above. 

The operations and maintenance (O&M) savings are a reflection of the incremental cost difference 
between the cost of maintaining the existing equipment and that of maintaining new or retrofitted equip- 
ment. Because maintenance costs of new or retrofitted equipment are often the same as the costs to 
maintain the existing equipment, this incremental maintenance cost is often zero. 

Accompanying Table S.2 is Table S.3, which presents a breakdown and summary of both the energy 
and demand savings for the first-year and full implementation of the cost-effective energy resource at Fort 
Irwin. The "NA's" in the table reflect that: the FEDS model does not report first year savings, it works 
strictly on a life cycle cost basis. Any difference between first year and full implementation results are due 
to replace on failure EROS, which FEDS does not consider. 

For EROs analyzed by the FEDS Level 2 software (Level-2), lighting EROs represent the greatest 
efficiency resource, accounting for over $17.3 million of the total $63.8 million NPV and $4.4 million of 
the total $24.7 million installed cost. The remaining ERO categories have NPVs ranging from $6.1 million 
to $0.9 million, except for cooling and heating EROs, which are only marginally cost-effective with NPVs 
of $108,496 and $32,352 respectively. 
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Table S.3. Summary of the Energy and Demand Savings 

For non-building EROs, vehicles represent the greatest efficiency resource, accounting for $10.1. million 
of the total $63.8 million NPV and over $2 million of the total $24.7 million installed cost. The remaining 
non-building ERO categories have NPVs ranging from $9.4 million to $314,125. 

Tables S.4 and S.5 present the breakdown and summary of the total fuel balance at Fort Irwin. 
Table S.4 shows the energy cohumption and savings predicted by the Level-2 software, for those EROs 
currently analyzed by Level-2. Table S.5 shows the energy consumption and savings predicted for the 
EROs not covered by Level-2. The existing energy consumption in Table S.4 is calculated'by Level-2 
based on a thirty year average weather file, while the energy data in Table S.5 is for FY90, as reported in 
the Volume 2, Baseline Detail companion report to this document. Total fuel use after ERO implementa- 
tion was determined, where possible, by subtracting the total fuel savings from the total existing fuel use. 
The "NAs" in the table reflect that there are no demand charges for fossil fuels. Note that electric demand 
is reported as peak kWs by Level-2 but as kW-months for the manual EROs. Since peak demand is 
charged monthly, kW-months were used to properly track demand charges. The FEDS software does this 
calculation internally, reporting the difference in the demand for the peak month and the cost savings for 
the entire year. 



Table S.4. Fuel Balance at Fort Irwin: Level-;! EROs 

180 

180 

Table S.5. Fuel Balance at Fort Irwin: Manual EROs 

513,692 3,116 

230,753 341,389 41,465 

0 8 1,245 

68.784 -68,784 

122.790 102990 

936.018 341,389 160,032 

8 1,245 8 1,245 

NamA Gas 
Propane 225,780 102990 

58,042 

vation 1 New 

68,784 

0 

70,746 

Increased 
Demand Energy 

Reduction 1 Use ~ 

(kW-mo) (MBm) 

58,042 1,962 

Resulting Net Con! 

Energy Use 

:ration 

Demand 
Reduction 
(kW-mo) 

57,862 

57.862 

For building EROs (analyzed by Level-2), the estimated annual electricity consumption at Fort Irwin is 
89,143 Mwh. Estimated electrical demand is 30,097 kW. Full implementation of all electric EROs 
results in a reduction of 14,525 MWh and 3,574 kW. This represents a reduction of approximately 16.3 % 
over total electricity consumption, and 11.9 % over site-wide demand. The estimated annual propane con- 
sumption at Fort Irwin is 209,098'MBtu. Full implementation of all propane EROs results in net conserva- 
tion of 71,018 MBtu. This represents net conservation of 34.0% of total consumption. The end uses of 
chilled water and district hot water were not broken out by fuel. The estimated annual chilled water use is 
2,007,034 ton-hours. Full implementation of all chilled water EROs results in a reduction of 330,720 ton- 
hours, or 16.5% of total consumption. The estimated annual district hot water use is 9,238 MBtu. Full 
implementation of all district hot water EROs results in a reduction of 7,680 MBtu, or 83.1 % of total 
consump tion. 

For non-building EROs, the estimated annual electricity consumption at Fort Irwin is 79,779 MWh. 
Estimated electric demand is 399,251 kW-mo (sum of the peak demands for each month). Full implemen- 
tation of all electric EROs results in a reduction of 12,152 MWh and 58,042 kW-mo. This represents a 
reduction of approximately 15.2% over total electricity consumption and 14.5 % over site-wide demand. 
The estimated annual fossil fuel consumption (natural gas, #2 fuel oil, propane, gasoline, and diesel) at 
Fort Irwin is 823,833 MBtu. This total excludes any diesel and gasoline used for vehicles not addressed 
through EROs. Full implementation of all fossil fuel EROs results in conservation of 187,351 MBtu and a 
new load of 68,784 MBtu, for a net reduction of 118,567 MBtu. This represents conservation of 22.7% of 
total consumption, new load of 8.3%, and an overall decrease of 14.4%. 
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Another way to assess the energy project opportunities is to bundle the EROs by building set. A total of 
98 different buildings sets were identified at Fort Irwin. Table S.6 lists the top-ten conservation projects at 
Fort Irwin, ranked by net savings of the combined EROs for that building set. Also included in the table . 
are the total annual energy and demand savings, first costs of the installed ERO, and the savings to invest- 
ment ratio (SIR). 

. .  

$2.868.276 
$2.468.683 
$2,199,434 
$1.175.987 
$1,134,504 
$1,29€10.527 

$991.341 
$894,407 
$701.634 

Table S.6. Summary of Energy and Cost Savings Aggregated by Building Set 

. .  

$2,246,378 
$1.933.705 
$1,631,549 
$1,106.O09 
$1,062,354 
$1,010,499 

$934.389 
$822.314 
$742.742 

Buildiag Set 
FH Duplex 01 
FH Detached 01 
Administration 09 
FH 3 or more 02 
Administration 03 
Shops 04 
FH Duplex 03 
Recreation 02 
FH 3 or more 03 
S c h o o l l T r a i  02 

Present Value 
of Installed 

Cost Savings 
$1.107.932 

$598,265 
$752,20i 
$876,082 
$342.29(: 
$85.401 

$488.746 
$68.05 

$306,2z 
$91.388 

Present Value of 
Energyand I Net 

Demand Savings Savings - - 
$3.702.9241$2.619.960 

ix 





Acknowledgments 

The authors gratefully acknowledge the assistance of numerous Fort Irwin and FORSCOM personnel 
associated with the development of this Integrated Resource Assessment. .The people who worked with 
Pacific Northwest Laboratory (PNL) staff during site visits as well as over the phone and through the mail 
were both helpful in delivering us detailed information that increased the value and usefulness of our 
analysis, and enjoyable to work with. 

While it is not possible to identify all by name who provided assistance, we would like to thank the 
following dedicated individuals: Rene Quinones, Linda Osborne, Greg Williams, Orvy Dahl, 
Ben Rodarte, LaSandra Miller, and Ed Rojas. 

We wish to recognize our sponsor, Mr. Adrian Gillespie of the U.S. Anby Forces Command, for his 
progressive attitude towards energy issues and his endorsement of energy efficiency at Fort Irwin. 

In addition, the authors would like to thank Marlene Hale, PNL text processing team leader, for her 
conscientious work leading to the professional appearance of this document, and David Payson, our editor, 
for his thorough read-through and edit of the final manuscript. ' 

J. M. Keller 
A. L. Dittmer 
D. B. Elliott 
K. L. McMordie 
E. E. Richman 
D. J. Stucky 
R. R. Wahlstrom 
D. L. Hadley 

xi 





Contents 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acknowledgments ................................................... 
Abbreviations and Acronyms ........................................... 
1 . 0 Introduction and Identification of Energy Projects ........................... 

1.1 

1.2 

1.3 

1.4 

Selection of Energy Resource Opportunities ........................... 
1.1.1 Manual ERO Preliminary Selection Criteria ..................... 
1.1.2 Master List of Screened and Selected EROs ...................... 
Assumptions ............................................... 
Identification of Building Set Energy Projects ......................... 
1 . Family Housing Duplex 01 ........... : ....................... 
2 . Family Housing Detached 01 . . . .  ............................. 
3 . Administration 09 ......................................... 
4 . Family Housing 3 Or More 02 .................................. 
5 Administration 03 . ......................................... 
6 . Shops04 ............................................... 
7 . Family Housing Duplex 03 ................................... 
8 . Recreation 02 ............................................ 
9 . Family Housing 03 Or More 03 ................................ 
10 . School/Training 02 ........................................ 
Building Information .......................................... 

2.0 Energy Resource Opportunity Evaluations ................................ 
2.1 FEDS Boiler and Furnace EROs .................................. 

Replace Existing HTHW Systems with (Oil. Natural Gas. or LPG) Boilers . . 
r 

2.1.1 

xiii 

iii 

V 

xi 

xxiii 

1.1 

1.1 

1.2 

1.3 

1.14 

1.15 

1.17 

1.18 

1.19 

1.20 

1.21 

1.22 

1.23 

1.24 

1.25 

1.26 

1.26 

2.1 

2.3 

2.3 



2.1.2 Replace Existing LPG Boilers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.1.3 Retrofit Existing Boilers with Automatic Electric Vent Dampers . . . . . . . . .  
2.1.4 Retrofit Existing Boilers with Feedwater Economizers . . . . . . . . . . . . . . .  
2.1.5 Replace Existing LPG Furnaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.2 ManualHVACEROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.2.1 Replace Conventional Heaters with LPG-Fired Infrared Heaters . . . . . . . . .  
2.2.2 Effect Night Setback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.2.3 Residential WAC EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.2.4 Duct Insulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.2.5 Install Liquid Pressure Amplification Device ..................... 

2.3 FEDS Building Envelope EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.3.1 Insulate Ceilings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.3.2 Insulate Exterior Walls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.4 Manual Building Envelope EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.4.1 Shade Screens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.4.2 Double-Pane Windows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.4.3 Weatherization Package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.5 FEDS Service Hot Water EROs .................................. 
2.5.1 Replace Existing (Electric. Natural Gas. Oil. or LPG) Service 

Hot Water Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.5.2 Replace Existing HTHW. Heat Exchanger Service Hot Water Systems . . . . .  
2.5.3 Service Hot Water System Upgrade . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.6 Manual Service Hot Water EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.6.1 A/C Desuperheater ERO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.6.2 Water Heater Controller ERO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.7 FEDS Building Interior Lighting EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.3 

2.4 

2.5 

2.5 

2.7 

2.7 

2.9 

2.11 

2.15 

2.16 

2.23 

2.23 

2.24 

2.29 

2.29 

2.31 

2.32 

2.45 

2.45 

2.46 

2.46 

2.51 

2.51 

2.53 

2.57 

xiv 



2.8 

2.9 

2.7.1 Interior Lighting EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lighting Control EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.8.1 Occupancy Sensor Lighting Control .......................... 
2.8.2 Daylight Sensor Lighting Control ............................ 
2.8.3 Automatic Light Trimming and Dimming Systems . . . . . . . . . . . . . . . . .  
Manual Fan. Pump and Compressor Motor EROs ...................... 
2.9.1 Energy-Efficient . Motors .................................. 
2.9.2 Variable Speed Drives ...................................... 

Downsized Energy Efficient Motor ERO ........................ 
2.9.4 Properly Sized Pumps ................................... 
2.9.5 Rewind Existing Motors .................................. 

2.9.3 

2.10 FEDS Air ConditionerKhiller EROs ............................... 
2.10.1 Replace Existing A/C with High Efficiency A/C . . . . . . . . . . . . . . . . . . .  

2.11 Central Chiller Plant EROs ..................................... 
2.11.1 Chilled Water Loop Connection and New Chiller . . . . . . . . . . . . . . . . . .  
2.11.2 Chilled Water Loop Connection and Thermal Energy Storage . . . . . . . . . .  

2.57 

2.65 

2.65 

2.67 

2.69 

. 2.73 

2.73 

2.78 

2.81 

2.81 

2.82 

2.141 

2.141 

2.145 

2.147 

2.149 

2.11.3 Chiller Water Temperature Reset ERO ......................... 2.153 

2.12 Domestic Refrigeration EROs .................................... 2.157 

2.13 Modular Building EROs ....................................... 2.159 

2.13.1 Night and Weekend Setback ............................... 2.160 

2.13.2 Two-Speed Fan Motor .................................... 2.161 

2.13.3 Two-Speed Compressor .................................. 2.162 

2.13.4 Economizer Cooling .................................... 2.162 

2.13.5 Reflective Roof ........................................ 2.163 

2.13.6 Double-Pane Windows . . . . . . . . . . . . . . . . . . .  ... . . . . . . . . . . .  2.164 

xv 

....... T.... . ... ~ . - r - ~ z - - - 7 T T - . 7 > T z ~ ,  < , ,.I \,.v .,. . .  ..,.. , &<. ........... ~ .... .................... *-,... I .. 



2.13.7 Shade Screens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.13.8 Crawl Space Insulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.13.9 Weatherization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.14 Transmission and Distribution EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.14.1 Transformer EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.14.2 Conservation Voltage Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.14.3 Power Factor Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.14.4 Power Distribution Equipment Renovations ...................... 

2.15 Peak Shifting EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.16 Convert Fleet Vehicles to Compressed Natural Gas ...................... 

3 . 0 Energy Resource Opportunity Impact Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1 Economic Analysis Methodology and Assumptions ...................... 

3.1.1 Building Sector Analysis Methodology and Assumptions . . . . . . . . . . . . .  
3.1.2 Non-Building Sector Analysis Methodology and Assumptions . . . . . . . . . .  

3.2 Economic Analysis Metrics Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.2.1 Net Savings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.2.2 Savings to Investment Ratio ................................ 
3.2.3 Discounted Payback Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.3 Life-Cycle Cost Evaluation Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.165 

2.166 

2.167 

2.171 

2.171 

2.178 

2.180 

2.181 

2.195 

2.199 

3.1 

3.1 

3.2 

3.3 

3.3 

3.4 

3.4 

3.4 

3.5 

3.3.1 Life-Cycle Cost Calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 

3.3.2 Installed Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.6 

3.3.3 Energy Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.6 

3.3.4 Operations and Maintenance Cost ............................ 3.7 

3.3.5 Replacement Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.7 

3.3.6 Net Savings Calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.8 

xvi 



3.3.7 Savings to Investment Ratio Calculation : ....................... 3.9 

3.3.8 Discounted Payback Period Calculation ........................ 3.9 . 

3.4 Fuel Cost Determiwtion ........................................ 3.10 

3.5 Summary of ERO Impact Study .................................. 3.10 

3.5.1 Additional Notes ....................................... 3.20 

4.0 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 

Appendix A - Electricity Cost Calculations A.l  .................................. 

xvii 



Figures 

2.1 Means Transformer Material Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.173 

2.2 Means Transformer Labor Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.173 

2.3 Weekly Load Duration Curve Used for Time-of-Loss Calculation . . . . . . . . . . . . . . . . .  2.175 

2.4 Load Loss Distribution Between Rate Periods . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.177 

xviii 



Tables 

S.1 Total Savings. Cost. and NPV ...................................... 
S.2 Summary of the Cost-Effective Energy Resource at Fort Irwin . . . . . . . . . . . . . . . . . .  
S.3 Summary of the Energy and Demand Savings ............................ 
S.4 Fuel Balance at Fort Irwin: Level-2 EROs .............................. 
S.5 Fuel Balance at Fort Irwin: Manual EROs .............................. 
S.6 

1.1 

Summary of Energy and Cost Savings Aggregated by Building Set 

Master List of Energy Resource Opportunities at Fort Irwin . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  

2.1 Boiler and Furnace EROs ......................................... 
2.2 Infrared Radiant Heat EROs ....................................... 
2.3 Night Setback EROs ............................................ 
2.4 Residential WAC EROs .......................................... 
2.5 FEDS Building Envelope EROs . Roof/Ceiling Insulation ..................... 
2.6 FEDS Building Envelope EROs . Wall Insulation .......................... 
2.7 Shade Screen EROs ............................................. 
2.8 Double Pane Window EROs ....................................... 
2.9 Weatherization EROs ............................................. 
2.10 FEDS Service Hot Water EROs ..................................... 
2.11 Desuperheater EROs ............................................ 
2.12 Interior Lighting EROs ........................................... 
2.13 Lighting Control EROs ............................................ 
2.14 Administration Building Energy Efficient Motor EROs ...................... 
2.15 Barracks Building Energy Efficient Motor EROs .......................... 
2.16 Chapel. Clinic. and Club Building Energy Efficient Motor EROs . . . . . . . . . . . . . . . .  
2.17 DGR. Dining. Family Housing. and Fuel Building Energy Efficient Motor EROs . . . . .  

V 

vi 

vii 

viii 

viii 

ix 

1.4 

2.6 

2.17 

2.20 

2.21 

2.25 

2.27 

2.35 

2.41 

... 

2.43 

2.48 

2.54 

2.60 

. 2.70 

2.84 

2.92 

2.101 

2.104 

XiX 



2.18 

2.19 

2.20 

2.21 

2.22 

2.23 

2.24 

2.25 

2.26 

2.27 

2.28 

2.29 

2.30 

2.31 

2.32 

2.33 

3.1 

3.2 

3.3 

3.4 

3 S a  

3.5b 

3.6a 

3.6b 

Grocery. Hospital. Hotel. Kitchen. and Laboratory Building Energy 
Efficient Motor EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Motorpool. MWR. Other. and Plant Building Energy Efficient Motor EROs . . . . . . . . .  

Pump. Recreation. Security. Shop. Storage. Training. and Cold Warehouse 
Building Energy Efficient Motor EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Warehouse Building Energy Efficient Motor EROs . . . . . . . . . . . . . . . . . . . . . . . . .  

Pump Energy Efficient Motor EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BuildingVSDEROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pump Variable Speed Drive EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FEDS Air Conditioning EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Central Chiller Plant EROs . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . .  

Chilled and Condenser Water Temperature Reset ERO . . . . . . . . . . . . . . . . . . . . . . .  
Refrigeration ERO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Modular Office EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Transformer EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Conservation Voltage Reduction and Power Factor Correction EROs . . . . . . . . . . . . . .  
Peak Shifting ERO . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Convert Fleet Vehicles to CNG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cost Elements in a Life-Cycle Cost Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Assumptions Used in LCC Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Description of Column Headings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Summary of Expenditure Adjustment Process . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All Building EROs: Annual Energy and Demand Reductions . . . . . . . . . . . . . . . . . .  

All Non-Building EROs: Annual Energy and Demand Reductions . . . . . . . . . . . . . . .  
All Building EROs: Present Values of Costs and Savings . . . . . . . . . . . . . . . . . . . . .  
All Non-Building EROs: Present Values of Costs and Savings . . . . . . . . . . . . . . . . .  

2.107 

2.110 

2.116 

2.119 

2.124 

2.130 

2.135 

2.143 

2.155 

2.156 

2.158 

2.169 

2.183 

2.194 

2.198 

2.202 

3.5 

3.11 

3.12 

3.21 

3.22 

3.34 

3.75 

3.85 



3.7a 

3.7b 

3.8a 

3.8b 

3.9a 

3.9b 

3.10 

3.11 

Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resource: 
Annual Energy and Demand Reductions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Non-Building EROs Constituting the Minimum Life-Cycle Cost 
Efficiency Resources: Annual Energy and Demand Reductions . . . . . . . . . . . . . . . . . 
Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resources: Present Values of Costs and Savings . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resources Present Values of Costs :and Savings . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resource: Annualized Values of Costs and Savings . . . . . . . . . . . . . . . . . . . . . . . . . 
Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resources Annualized Values of Costs and Savings . . . . . . . . . . . . . . . . . . . . . . . . . 
Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency- 
Resources Cumulative Annual Energy and Demand Reductions . . . . . . . . . . . . . . . . . 
Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resources: Cumulative Present Values of Costs and Savings . . . . . . . . . . . . . . . . . . . 

3.120 

3.128 

3.140 

3.147 

3.156 

3.164 

3.174 

3.186 

3.12a Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resource: Present Values Aggregated by Category . . . . . . . . . . . . . . . . . . . . . . . . . 3.196 

3.12b Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resource: Present Values Aggregate by Category . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.13 Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resource: Annualized Values Aggregated by Category . . . . . . . . . . . . : . . . . . . . . . . 

3.14a Summary of Total Minimum Life-Cycle Cost Efficiency Resource: Building EROs . . . . 
3.14b Summary of Total Minimum Life-Cycle Cost Efficiency Resource: 

3.196 

3.197 

3.198 

Non-Building EROs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.198 

3.15a Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resources: Fuel Balance Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.199 

3.15b Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency 
Resource: Fuel Balance Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.199 

xxi 





Abbreviations and Acronyms 

AAFES 
AIC 
AHU 
ASHRAE 
BLCC 
Btu 
CBECS 
CF 
CFC 
cfm 
CFR 
CNG 
CVR 
d 
DEH 
DEIS 
DHW 
DOE 
DOD 
DOS 
DSM 
EE 
EEF 
EEM 
EIA 
ELC 
EMCS 
EPA 
ERO 
ESCO 
EUI 
FEDS 
FEMP 
F02 
FORSCOM 

h 

HPS 
HTHW 
HVAC 
Hz 
IES 
IRA 

kcf 
kVA 

gal 

hP 

kBtu 

ArmyIAir Force Exchange Service 
air conditioning 
air-handling unit 
American Society of Heating, Refr*igerating, and Air-conditioning Engineers, Inc. 
Building Life-Cycle Cost software 
British thermal unit 
Commercial Building Energy Consumption Survey 
compact fluorescent 
chlorofluorocarbon 
cubic feet per minute 
Code of Federal Regulations 
compressed natural gas 
conservation voltage’ reduction 
day 
Directorate of .Engineering and Housing 
Defense Energy Information System 
domestic hot water 
Department of Energy ’ 

Department of Defense 
disk operating system 
demand-side management 
energy efficient. 
energy efficient ballast 
energy efficient motor 
Energy Information Administration 
electronic ballast 
energy management control system 
Environmental Protection Agency 
energy resource opportunity 
energy services contractor 
end-use intensity 
Facility Energy Decision Screening softyare 
Federal Energy Management Program 
fuel oil No. 2 
,Forces Command 
gallon 
hour 
horsepower 
high pressure sodium 
high temperature hot water 
heating, ventilation, and air conditioning 
Hertz 
Illuminating Engineering Society 
Integrated Resource Assessment 
thousand British thermal units 
thousand cubic feet 
kilovolt-amperes 

xxiii 



KVAR 
kW 
kWh 
Ib 
LCC 
LED 
Level-1 
Level-2 
LPA 
LPG 
LPS 
LST 
L?SM 
M 
mo 
MBtu 
MBtuh 
MH 
M w  
Mwh 

' NBS 
I)TG 
NIST 
NTC 
NPV 
O&M 
"F 
PCBs 
PCF 
PF  
PNL 
psi 
PV 
PX 
RECS 
REF 
ROI 
RPL 
'pm 

. SCE 
SIR 
SHGF 
TES 
T&D 
VAV 
VSD 
W 
WSEO 
Yr 

reactive demand, kilovolt-amperes 
kilowatt 
kilowatthour 
pound 
life-cycle cost 
light emitting diode 
Facility Energy Decision Screening Level 1 software 
Facility Energy Decision Screening Level 2 software 
liquid pressure amplification 
liquid propane gas, 
low pressure sodium 
local standard time 
Lighting Technology Screening Matrix 
million 
month 
million British thermal unit 
MBtu's per hour 
metal halide 
million watts 
million watthours 
National Bureau of Standards 
natural gas or National Guard 
National Institute of Standards and Technology 
National Training Center 
net present value 
operations and maintenance 
degrees Fahrenheit 
polychlorinated biphenyls 
permanent compact fluorescent 
power factor 
Pacific Northwest Laboratory 
pounds per square inch 
present value 
post exchange 
Residential Energy Consumption Survey 
parabolic reflector 
return on investment 
real property list 
revolutions per minute 
Southern California Edison Company 
savings to investment ratio 
solar heat gain factor 
thermal energy storage 
transmission and distribution 
variable air volume 
variable speed drive 
watt 
Washington State Energy Office 
year 

xxiv 



I .o Introduction and Identification of Energy Projects 

The number of conceivable energy conservation measures, fuel-switching opportunities, and renewable 
energy projects at’a federal site is very large. PNL uses two methods to select, evaluate, and prioritbe 
these energy resource opportunities (EROs). These methods and the selection criteria are described in Sec- 
tion 1.1. Section 1.2 details the technical assumptions behind the FEDS assessment at Fort Irwin. The 
top-ten energy saving projects at Fort Irwin are described in Section 1.3, and pertinent information on Fort 
Irwin buildings is provided in Section 1.4. The balance of this report is organized as follows. Section 2 
covers the technical characteristics of each ERO considered and analyzes its cost and performance. Section 
3 provides the results of the LCC analysis and ERO prioritization process. Section 4 lists the references, 
and, Appendix A provides the electricity cost calculations used in the report. 

1 .I Selection of Energy Resource Opportunities 

The first method PNL uses in the selection of EROs is the Facility Energy Decision Screening (FEDS) 
model. FEDS is a multi-level software tool designed to provide a comprehensive approach to fuel-neutral 
technology-independent integrated (energy) resource planning and acquisition. There are currently two 
levels of FEDS: Level-1 and Level-2. Level-1 is a menu-driven, DOS-based software program designed 
for facility energy managers as a screening tool. Level-1 assesses the likelihood of cost-effective energy 
projects based on high-level facility inputs and numerous assumptions. The output of Level-1 is used to 
assess an installation’s overall energy conservation potential from the perspectives of potential energy 
savings, potential cost savings, and estimated investment requirement. 

Level-2 is also a DOS-based software program that can be used by facility energy managers to identify, 
characterize, and assess individual energy projects. However, Level-2 goes to the next level of detail, 
providing explicit ’information on energy and cost savings, as well as the estimated investment requirement 
for specific technology retrofits. Level-2 is the appropriate analysis to follow positive Level-1 results, and 
typically a Level-2 input file is initiated from a Level-1 input file. Level-2 allows the user to enter 
installation-specific data inputs to replace the inferred default values from Level-1. These inputs form 
“building sets,” which are groups of buildings similar in use, age, construction type, fuel use, fuel 
availability, or other definable characteristics. By developing building sets based on detailed facility data, 
Level-2 tailors the analysis to the installation and provides more accurate and detailed economic findings. 

At this point in the software development, Level-1 and Level-2 analyze most major building end uses 
(heating, cooling, lighting, envelope insulation, and service hot water) including their interactive effects . 
(e.g., the effect a lighting technology has on heating and cooling loads), and provide specific cost, energy 
(and demand changes), and life-cycle cost information, for cost-effective technologies. 

The second method PNL uses addresses those EROs not specifically analyzed by the FEDS software. 
This analytical approach is a three-step manual-calculation process which has been developed by PNL to 
make ERO selection, evaluation, and prioritization a manageable process. The steps in the manual process 
are the following: 

Preliminary Screening. Select promising EROs from a master list, considering the site’s mission, 
building stock, end-use equipment characteristics, utility characteristics, climate, energy costs, and other 
local conditions that affect ERO viability, and recommendations from site staff. 

c- 
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Cost and Performance Analysis. Establish, with a reasonable degree of accuracy, the technical and 
economic feasibility of each ERO that passed the preliminary screening. An analysis is performed com- 
paring the operating and economic performance of the existing equipment and the ERO. Where 
applicable, impacts on energy security and the environment are included in the analysis. 

Life-CycIe Cost Analysis and Prioritization. Perform a life-cycle cost analysis and rank EROs by net 
present value (NPV), so that a package with the optimal return on investment can be defined. If any 
utility cost-sharing or rebate programs exist, they can be included within this evaluation step. 

The life-cycle cost (LCC) analysis and prioritization step used in both the Level-2 and manual methods 
is required by and complies with federal law (CFR 436, Part 10). All federal agencies are required to 
evaluate the LCC of alternative technologies when making energy investments. An LCC evaluation com- 
putes the total long-run costs of alternative actions, and identifies the action that maximizes the NPV of the 
energy investment. Section 3.1 details the process by which LCCs are calculated, explains how these cal- 
culations are used in the identification of projects, and introduces a method for prioritizing a list of alter- 
native actions. 

.The process that was used for preliminary selection of EROs is described below. After that, a master 
list of screened and selected EROs is presented. 

1. I .  1 Manual ERO Preliminary Selection Criteria 

The manual ERO selection process tests the applicability of a long list of EROs (see the master list of 
EROs in Table 1.1) using criteria that can be applied with relatively little "hard data. 'I This step filters out 
EROs that are unlikely to be economically feasible and are unlikely to have significant, persistent energy 
impact at the site. The 13 screening criteria used to characterize and select possible EROs are listed below. 

Low Incidence. EROs that apply to end-use equipment representing a very small fraction of site energy 
use may be eliminated. However, such EROs may be retained in cases where the end use is concen- 
trated rather than diffuse, or where it has been previously identified in a detailed audit, and the ERO 
passes the other criteria without difficulty. 

Economic Feasibility. A preliminary assessment of economic feasibility can often be made if the utility 
will commit to an incentive or cost-sharing level in advance. EROs whose costs and performance are 
well established and fairly uniform across 'applications can then be screened with respect to the utility's 
marginal cost of energy and/or capacity. 

Technical Feasibility. In some cases conditions at the site will preclude implementation of a certain 
ERO. Conditions that make retrofit difficult or use patterns that complicate operations or maintenance 
of the end-use equipment in question may result in elimination of an ERO prior to formal analysis. 

Primarily Operations and Maintenance (O&M). A measure that is little more than a no- or low-cost 
change in O&M activity will generally be rejected as inappropriate to the integrated resource acquisition 
program. The measures of interest to the program are capital-intensive measures that are difficult, pro- 
grammatically, for the site personnel to implement on their own. Cases where there is a significant cost 
to develop new O&M procedures or to procure special instruments and tools may be considered. . 

Mission-Critical. End-use equipment that serves critical mission functions may not be accessible for 
retrofit or replacement, or its operation may be so important to critical mission objectives that any 
modification in the service is not tolerable. 
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Site Preference. The site may have particular objections to certain EROs, based on O&M or other 
infrastructure support requirements, or based on unfavorable past experience with similar measures. In 
cases where the ERO appears to be very attractive in other respects, it may be analyzed in the belief that 
the savings might support a reevaluation of the measure. 

Insufficient Data. In some cases the performance or operational characteristics of existing end-use 
equipment is unknown, axjd the cost to determine these characteristics cannot be justified. This is not a 
technical- or implementation-cost grounded rejection and should not deter the site energy manager 
and/or contractor from further analysis and, if appropriate, implementation of the ERO concerned. 

Complexity. In some cases the complexity of the analysis precludes the analysis of an ERO as part of a 
high-level, comprehensive site-assessment program. 

Immature Technology. Some retrofits require equipment that has not achieved sufficient market accep- 
tance or penetration in the federal sector to be considered reliable and effective. The persistence of 
savings and the sensitivity of savings to O&M, and the propensity for equipment to degrade in energy 
performance while continuing to provide service, are factors that could disqualify a technology. Such 
measures will usually not be considered. 

Other ERO-Dependent Measures. A measure may be rejected because it depends on one or more 
other EROs that have been rejected or whose feasibility is too uncertain. It may also be rejected because 
it has already been implemented in most or all of the existing end-use oppoxtunities. 

EROs Handled by FEDS Level-2. The Level-2 software is used to analyze groups of related building- 
level EROs. Since Level-2 takes into account interactive effects between the EROs, it is difficult to 
analyze (without compromising the Level-2 results) other building EROs that Level-2 does not currently 
consider. 

Discussion Only. Some retrofits are deemed not cost-effective without extensive analysis due to 
experience at another, similar installation, insufficient data, immature technology, etc. However, in 
some cases installation personnel request that the ERO be included in the analysis. In these cases the 
ERO may be included as "discussion only," where the ERO is discussed, but no formal energy, cost, or 
life-cycle analysis is included. ' 

Tenant Owned. In some cases the end use equipment under consideration is owned by a tenant 
organization not controlled by the installation energy program. The most frequent case for this criteria 
is appliances in family housing units. 

1 .I .2 Master List of Screened and Selected EROs 

A master list of generic conservation measures, aggregated from a variety of sources, was used as an 
origination point in the identification of energy resource opportunities at Fort Irwin. This master list is 
presented in Table 1.1. For each ERO listed there is an indication of whether it passed the preliminary 
screening process and whether it was analyzed by Level-2 or by manual-calculation. If the ERO did not 
pass, a brief explanation is provided. 



Table 1.1. Master List of Energy Resource Opportunities at Fort Irwin 

Passed 

Screening 
Preliminary 

ERO Name ERO Description ( Y N  Comment 

FANS AND FAN MOTORS 

Align sheaves Align sheaves and shafts: replace belt with high- 
efficiency belt(s). 

N 

N 

This is primarily an O&M 
measure 

Reduce hours Install clock, EMCS switch or other control means to 
reduce operating hours. 

Reduce fan speed by adjusting sheave diameter and 
reduce motor size accordingly. 

Replace existing motor with highefficiency model. 

Insufficient data 

Reduce speed N Insufficient data 

Efficient motor 

Two-speed motor 

Y 

N Replace existing motor with two-speed motor and 
controller. 

Install variable inlet vanes and control to provide 
reduced air flow when appropriate. 

Use alternate ERO - 
variable-speed drive 

Variable inlet vane N Most fans are single zone 

Variable-speed drive Install variable frequency motor drive and control to 
modulate airflow; also reduce motor size if 
appropriate. 

Replace existing motor with variable-speed 
electronically commutated permanent magnet motor 
and control; also reduce motor size if appropriate. 

Install CO, sensors for ventilation control to reduce 
heating of outside air and average (over time) air 
volume moved by fans. 

Y 

Variable-speed electronic-ally 
commutated motor 

N Use alternate ERO - 
variable-speed drive 

C02 sensor N Intermittent application due 
to non-human critical loads 
in many facilities 

Duct transitions Redesign duct hansitions to reduce friction loss by , N 
using turning vanes, long radius tu rn  and gradual 
changes in cross-sectional area. 

NO high SP systems; insuf- 
ficient data on low SP 
Systems 

Duct cross-section Increase duct cross-section to reduce friction loss. N No high SP systems; 
insufficient data on low SP 
systems 

Face velocity N Redesign filters. coils, etc., to reduce friction loss by 
operating at lower face velocities. 

No high SP systems: 
insufficient data on low SP 
systems 

Downsize motors Replace existing motor with energy efficient motor 
properly sized for the load. 

Y Discussion only 

PUMPS AND PUMP MOTORS 

Align shafts Align shafts and replace coupling with highefficiency 
coupling. 

N This is primarily an o m  
measure 

Most pumps operate on 
demand 

N Reduce hours Install clock, EMCS switch or other control means to 
reduce operating hours. 

Efficient motor 

Trim impeller 

Replace motor with highefficiency model. 

Replace (or trim) impeller and reduce motor size to 
match actual load. 

Replace existing motor with two-speed motor and 
controller. 

Y 

Y Discussion only 

Two-speed motor N Use alternate ERO - variable 
speed drive 
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Table 1.1. (contd) 

ERO Name ERO Description 

Variable-speed drive Install variable frequency motor drive and control to 
modulate fluid flow; also reduce motor size if 
appropriate. 

Replace existing motor with variable- speed 
electronically commutated permanent magnet (VS 
ECM) motor and cptrol; also reduce motor size if 
appropriate. 

Adjust VSD control setpoint for lower speed 
opera ti o n . 

Variable-speed, electronically 
commutated motor 

Adjust VSD setpoint 

Pipe transitions 

Pipe size 

Fittings 

Redesign system with long radius elbows and other 
low-loss type fittings to reduce friction loss. 

Redesign system with increased pipe diameter to 
reduce friction loss. 

Redesign fiten, heat exchangers, valves. etc.. to 
reduce friction loss by operating at lower velocity. 

Circulating pump control Check, repair. andlor install automatic control 
systems to control parallel circulating pumps so that 
only one pump operates at a time. 

REFRIGERATION (residentialhanacks) 

Efficient refrigerator Replace existing residential and barracks refrigerators 
with high-efficiency model meeting DOE 1993 
Appliance Efficiency Standard. 

LIFT STATION heatinKlventilation 

Thermostat Replace odoff control of electric resistance heater 
control with thenpostatic control. 

Ventilation heat recovery Install air-to-air heat exchanger to preheat ventilation 
air by recovering sensible and latent heat from 
exhaust. 

Methane sensor control Provide methane sensor to operate ventilation fan 
only when needed to prevent excess methane 
concentrations. 

Insulate walls Install moisture-resistantilation to above-grade 
walls and roof (consider this ERO only after 
thermostat and ventilation heat recovery or methane 
sensor). 

RESIDENTIAL LIGHTING (interior and exterior] 

Upgrade incandescent to permanent 
compact fluorescent (PCF) future 

Replace incandescent with PCF 
fixtllre fluorescent fixture. 

Upgrade fluorescent to T8 

Upgrade incandescent fixture to permanent compact 
fluorescent fixture. 

Replace incandescent fixture with new compact 

Upgrade fluorescent to high-efficiency T8 or similar 
system. 

Passed 

Screening 
Prelhillary 

(Y/N) Comment 

Y 

N Use alternate ERO - variable 
speed drive 

N Low incidence 

N Insufficientdata 

N Insufficientdata 

N Insufficientdata 

N Low incidence 

Y 

N Not applicable 

N Immaturetechnology 

N Immaturetechnology 

N Must be preceded by 
ventilation control ERO 

Y FEDS Level2 

Y FEDS Level-;! 

Y FEDS Level-2 
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Table 1.1. (contd) 

Passed 
Preliminaly 
Screening 

ERO Name ERO Description W/N) Comment 

Replace fluorescent with new fixture Replace fluorescent fixture with new high-efficiency Y FEDS Level5 
T8 (or comparable) furtux. 

COMMERCIAL LIGHTING 

Upgrade fluorescent to T8 Upgrade fluorescent fixture to high-efficiency T8 or 
similar system. 

Replace fluorescent with new fixture Replace fluorescent fixture with new high-efficiency 
T8 (or comparable) fixture. 

De-lamp Replace, modify or move/remove fixtures to reduce 
lighting density to level that provides correct 
illumination. 

Upgrade incandescent to PCF fixture Upgrade incandescent fixture- to permanent compact 
fluorescent fixture. 

FEDS Level-2 

FEDS Level-2 

FEDS Level2 

FEDS Level-2 

FEDS Level5 

FEDS Level3 

Replace incandescent with PCF 
fixture 

Upgrade mercury to high- pressure 
sodium (HPS) 

Replace incandescent fixture with new compact 
fluorescent fixture. 

Replace mercury vapor lamps and ballasts with high- 
pressure sodium lamp and ballast (or replace entire 
fixture). 

Upgrade incandescent exit signs with light emitting 
diode (LED) or fluorescent exit signs. 

Replace incandescent exit signs with LED or 
fluorescent exit signs. 

Install occupancy sensors to control lights. 

Install time clocks or photocells to control lights. 

Upgrade incandescent exit signs Y FEDS Level-2 

FEDS Level-2 Replace incandescent exit signs Y 

Occupancy sensors 

Time clocks or photocells 

Y 

N Occupancy Sensors 
preferred. 

EMCS control Install EMCS or add field panel and necessary relays 
to control lights via EMCS system. 

Install controller to modulate voltage 
delivered to lighting circuits. 

N Local control preferred 

Auto-transformer lighting controller Y Discussion only 

EXTERIOR LIGHTING 

De-lamp Remove or disconnect bulbs or ballasts to reduce 
lighting density to level that provides reduced but 
satisfactoj illumination. 

N Few overlit areas, little 
application.. 

Zoned security lamp circuits Rewire building exterior light circuits into zones so 
that night work lights and security lights are under 
separate control. 

Install motion detectors in series with security light 
time clock switch so that selected zones are off except 
when activated by motion detectors. 

Reprogram existing h e  clock to turn off or reduce 
light level at low traffic hours. 

N Few overlit areas, little 
application. 

Motion detectors N No application 

Reprogram time clocks N Primarily and operation and 
maintenance (O&M) 
m m r e  
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. Table 1.1. (contd) 

Pasvd 

Screening 
Preliminary 

ERO Name ERO Descriotion cynq Comment 

Install time clocks Install programmable t h e  clock to Nm off or reduce 
light level at low traffic hours. 

N No application 

Zoned streetlamp circuits Rewire streetlight circuits into zones and provide 
p r o g m b l e  time clock. to turn off or reduce light 
level at low traffic hours. 

Replace mercury vapor lamps and ballasts with high- 
pressure sodium lamp and ballast (or replace entire 
fixture). 

N No application 

Mercury to HPS N Most streetlighting is already 
HPS 

N Incandescent to compact fluorescent Replace incandescent light fature with compact 
fluorescent fixture. 

No application 

N Incandescent to HP sodium Replace incandescent fixture with high-pressure 
sodium fixture. 

Most streetlighting is already 
HPS 

OCCUPANCY-BASED CONTROLS (see also FAN. HVAC) 

Occupancy sensor, restroom Install occupancy sensor to control lights and exhaust 
fan in restroom. 

N 

N 

Technical feasibility 

Insufficient data Occupancy sensor, other Install occupancy sensor to control lights in hallway. 
lunchroom. office, conference room, or other 
intermittently mcupied area. 

Install daylight sensor to control lights in hall, foyer, 
or other area that has windows and low ambient light 
requirement. 

Daylight sensor N Insufficient data 

Daylight sensor, security 

Night setback 

N Low incidence Install daylight sensor to control security light($ in 
area that has windows. 

Y Install time clock to schedule fan, thermostat set 
point, and air-conditioner operation. . 

C02 sensor control 

Countdown timer 

Occupied mode via EMCS 

Install C02 sensor to control air-handler and 
ventilation fans. 

Install countdown timer to control air-handler and 
ventilation fans during normally unoccupied hours. 

Implement unoccupied schedules for faps and 
air-conditioning via EMCS; ovemde during normally 
unoccupied hours. 

Not applicable 

Not applicable 

Not applicable 

ELECTRIC DEMAND CONTROL 

Water heater control Install controls to shed electric water heater loads in 
rotating blocks during peak demand periods. 

N 

N 

Low incidence 

Insufficient data Shed A/C loads Install controls to shed air-conditioning loads in 
rotating blocks during peak demand periods. 

Well pump control N Insufficient data Transfer lift station and well pumps to emergency 
generatprs during peak. 

Run motors at low speed Install controls to operate existing variable speed 
pumps and fans at low speed during peak demand 
periods. 

N Insufficient data 
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Table 1.1. (contd) 

Passed 

Screening 
Preliminary 

ERO Name ERO Description em)  Comment 

Peak shave generator loads Install controls to automatically transfer existing 
diesel generator loads to generator power during peak 
demand periods. 

N Not allowed under current 
rate schedule 

Feed grid from generators Install controls and switches to feed existing generator 
output to grid: operate during high demand periods to 
reduce peak demand. 

N Not allowed under current 
rate schedule 

Add water storage capacity Install water storage tank to avoid pumping 
during peak periods. 

Y 

SERVICE HOT WATER 

Y FEDS Level-2 New Conventional Gas Water Heater Replace existing gas water heater with a new 
(76%. 80%. 85% efficient) conventional gas water heater model. 

Y FEDS Level-;! High Efficiency Gas Water 
Heater (94% efficient) 

Replace existing gas water heater with highefficiency 
(well-insulated) model. 

Tank insulation with R-11 wrap Add insulating blanket to provide additional tank 
insulation. 

Replace tank type water heaters with instantftankless 
unit. 

Low-flow shower head restricts the volume of water 
passing through. 

FEDS Level-2 

Not cost-effective 

FEDS Level-;! 

Tankless heater 

Low-flow shower heads 

Lower hot water temperature Reduced water tempeqture reduces energy lost in 
various hot water-consuming processes including 
showers, dishwashers, laundries. etc. 

Typically. service hot water pipes are copper. 
Insulation is usually 1/2-inch glass fiber, and the 
temperature of the water is usually 140 OF. 

Fuel switch from thermal distribution loop to electric 
water heater. 

Install boiler to switch from electric to LPG water 
heating. 

FEDS Level-2 

Insulate service hot water pipes Y FEDS Level3 

Fuelswitch to electric Y FEDS Level-2 

Fuel switch from electric FEDS Level-;! 

N C  desuperheater Recover heat from air-conditioner by installing water- 
cooled desuperheater and controls. 

Recover heat from refrigerators by installing water- 
cooled desuperheater and controls. 

Insufficient data Refrigeration desuperheater 

Aquastat controller Y Install "smart" controller to reset water 
heater temp. setpoint during periods of low 
use. 

TRANSMISSION & DISTRIBUTION 

Phase balance Improve phase balance of feeders and main 
transformers by moving loads among phases. 

Replace transformers with high-efficiency models. 

Reduce transformer size to match load, thus reducing 

Y 

N 
stahdby loss and reactive power consumption. 

N Phase balance is satisfactory 

Efficient transformers 

Reduce transformer sue  Insufficient data 
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Table 1.1. (contd) 

Passed 
Preliminary 

' Screening 
ERO Name ERO Description WIN) Comment 

Conservation voltage reduction Reduce set point on auto-tapchanging transformer to 
maintain minimum acceptable voltage at end of 
feeder. 

Install capacitor banks to provide passive power 
factor correction. 

Install capacitor banks. power factor transducers and 
automatic switches to provide active power factor 
correction. 

- 5  
Passive power factor correction 

Switched power factor correction 

Y 

Y 

N Use alternate ERO - Passive 
PF correction 

RESIDENTIAL HVAC 

Whole house fan Install whole house fans to reduce or eliminate the use 
of window air-conditioning. 

Replace furnace fan motor with highefficiency 
motor. 

N Insufficient data 

Efficient furnace motor Y 

Insufficient data 2-speed furnace motor 

Ventilation heat recovery 

Replace furnace fan motor with %speed motor. 

Install air-to-air heat exchanger to reduce infiltration 
and recover heat from ventilation air. 

Replace air-conditioner with highefficiency unit. 

N 

N Insufficient data 

Efficient air-conditioner 

Efficient heat pump 

Heat pump 

Y 

Y 

Y 

Replace heat pump with highefficiency unit. 

Replace nat. gas furnace and DX A X  system with 
heat pump. 

Switch from electric to NG by installing I.C. engine- 
driven heat pump. 

Fuel switch from electric Y 

RESIDENTIAL APPLIANCES 

Efficient washer N Replace clothes washer with highefficiency (water 
miser) unit. 

Replace clothes dryer with highefficiency unit. 

Replace electric clothes dryer with natural gas Unit. 

Replace dishwasher with highefficiency (water 
miser) dishwasher. 

Tenant-owned 

Efficient dryer 

Fuel switch dtyer 

Efficient dishwasher 

N 

N 

N 

Tenant-ownqi 

Tenant-owned 

Low incidence 

Microwave oven Provide microwave oven to reduce use of convection 
oven. 

N Insufficient data on cooking 
end use 

FREEZE PROTECTION 

Thermostat N Not applicable Provide thermostatic control (especially water storage 
tanks) of resistance heaters to eliminate continuous 
operation. 

Install thermostatically controlled resistance heaters to 
cooling tower catch basins to eliminate use of circ. 
pumps for freeze protection. 

Add insulation to pipes and tanks that have 
thermostatically controlled resistance heaters. 

Cooling towers N @sufficient data 

Insulate N Not applicable 
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Table 1.1. (contd) 

ERO Name 

BOILERS 

, Preheat combustion air 

Feedwater economizer 

Provide maintenance of 
economizers 

Air atomizing burner 

Low Excess Air Burners for 
Oil Burners 

Boiler tune-up 

Flue gas analyzer 

Barometric damper 

Automatic elecmc damper 

Outsidelsupply air temperature reset 
controller 

New conventional boiler 

Pulsecondensing boiler 

Passed 
Preliminary 
Screening 

ERO Description (Y/N) Comment 

A gas-to-air heat exchanger, or a heat pipe, used for 
transferrihg heat of exhaust gases to the primary 
combustion air. 

A gas-to-water heat exchanger consisting of feedwater 
tubes located in the path of the exhaust stream. 
Economizer can also be employed to heat domestic 
hot water, space heating water, or process hot water. 

Both gas side and water side deposits can reduce the 
effectiveness of the heat transfer surfaces. Periodic 
cleaning of the economizer will assist in maintaining 
high heat recovery efficiencies. 

Proper atomization of fuel oil is critical to ensure 
complete combustion with minimum excess air. Air- 
atomiziig burners use steam or air for atomization, 
minimirig excess air and unburnt combustibles, and 
improving boiler efficiency. 

Burners provide optimal fuel spray and air flow 
pamms to achieve both complete combustion and a 
stable flame. 

An annual tune-up is simple. can be generally 
accomplished within a day, and basically involves 
adjusting fuel-air ratios at optimal levels at various 
load conditions. 

A combmtion of flue gas analyzers and regular 
tuning can assist in maintaining optimal boiler 
efficiency. A typical analyzer will monitor 02. C02, 
CO. and exhaust temperature. 

Installing an automatic damper will reduce the 
standby loss in a boiler or a furnace. When the 
burner is off, the damper closes to minimiK heat loss 
through the stack. 

Installing an automatic damper will reduce the 
standby loss in a boiler. When the burner is off, the 
damper closes to minimize heat loss through the 
stack. 

Install controller to reset the steam or hot water 
supply temperature based on a predetermined 
schedule. Operating at lower temperature reduces 
heat (and leaking steam) losses. 

When the retrofit cost of an existing boiler is 
uneconomical, boiler replacement may be considered. 

Pulse or condensing boilers have an instantaneous 
efficiency of over 90% and a seasonal efficiency that 
is 8% points higher than conventional units. 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

Y 

Y 

Cost-effective for boilers 
>60 MBtu/hr capacity; 
insufficient resource 

Cost-effective for boilers 
> 3 MBtu/hr capacity 

Too few boilers currently 
have economizers; 
insufficient resource. 

Low incidence 

Low incidence 

Boiler EROs calculated by 
FEDS Level-2 

Boiler EROs calculated by 
FEDS Level3 

Boiler EROs calculated by 
FEDS Level-2 

FEDS Level-;! 

Insufficient data 

FEDS Level-2 

FEDS Level-2 
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Table 1.1. (contd) 

ERO Name 

Fire-tube turbulators 

Continuous boiler blowdown system 
with heat recovery 

Fuel switch from propane to natural 
gas 

Fuel switch from fuel oil to LPG 

Passed 

Screening 
P E l i  

ERO Description l m ! L  Comment 

Turbulators improve overall combustion efficiency in 
fire-tube boilers. Efficiency increases due to better 
heat aansfer and lower stack temperature. 

Continuous boiler blowdown has the potential to 
reduce blowdown losses through control of blowdown 
rate. 

N Not generally cost- effective; 
insufficient resource 

N Considered for boilers 
>6 MEntlhr capacity 

Switch boiler fuel from propane use to natural gas. 

Switch boiler fuel from oil use to LPG. 

N Natural gas not available 

N No fuel oil used on site 

BOILER AUXILIARIES & CENTRAL DISTRIBUTION SYSTEMS 

Periodic inspection of steam traps Steam traps need to be inspected at least once a year. 
The inspection program would 1) identify the types, 
location and number of various steam traps. 2) main- 
tain some spare parts and spare traps of each kind, 
and 3) repair and replace traps on a routine basis. 

N Insufficientdata 

Pipe insulation 

Heating of fuel oil 

Insulate hot fuel41 pipes 

Insulation could be applied to all hot and cold pipes 
which are either u+lated, or whose insulation is 
deteriorated and is currently ineffective. 

Depending on the viscosity of fuel oil at ambient 
temperature. oil may need to be heated. 

Lines leading the fuel oil from the heater to the 
burner may be insulated to (i) minimize energy loss, 
and (ii) ensure that the oil viscosity is maintained 
within acceptable limits at the burner. 

' 

N Insufficientdata 

N Low incidence 

N Low incidence 

Repair leaking H"HW or steam lines Leaking HTHW or steam lines are a major source of 
energy loss. The leak rate in l b h  is a function of the 
steam (HTHW) pressure and diameter and shape of 
the orifice through which it leaks. 

N Smalllengthoflines. No 
known leaks of any size. 

Heat recovery heat exchanger Various forms of waste heat can be recovered.thiough 
appropriately sized heat exchanger systems. 

Insulate condensate storage tanks Tanks need to be insulated to prevent heat loss. Since 
condensate tank temperatures can be as high as 180 
"F, proper insulation is critical for minimizing heat 
loss. 

VSD feedwater pump 

VSD combustion fan 

Check valves 

Install variable-speed drive to feedwater pump 
controlled by steam drum water level. 

Install variable-speed drives for combustion air and 
stack fans controlled by firing rate and static pressure 
at firebox. 

Repair leaking condensate return check valves. 
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N Not applicable 

N Small capacity. little 
application. 

Y 
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N Insufficient data 



Table 1.1. (contd) 

Passed 
PreliminaIy 
Screening 

ERO Name ERO Description (YM) Comment 

CHILLERS 

Repair leaking check valves in lead-lag pumps. 

Add controls to reset condenser water temperature on 
outdoor temperature. 

N 

Y 

Insufficient data Repair check valves 

Condenser water reset 

Y Add controls to reset chilled water temperature on 
chiller load. 

Add smaller, efficient compressor to obtain efficient 
operation under light-to-moderate load. 

Replace chiller with high-efficiency unit. 

Chilled water reset 

Parallel compressors Y 

Efficient chiller Y 

N 

FEDS Level-;! 

Fuel switch to natural gas engine 
driven chiller 

Replace electric chiller with natural gas engine driven 
chiller to utilize low gas rates and eliminate demand 
charges. 

A/C EROs calculated by 
FEDS Level-2 

Y Thermal energy storage system Install thermal energy storage system for peak 
shavinglshifting to avoid high demand charges. 

PACKAGE HVAC (including split units) 

Expansion valve control 

Improve liquid return 

Parallel compressors 

Install improved expansion valve control; Replace 
capillary tube if necessay. 

Replace liquid return with larger lime or install pump 
("liquid pressure amplification"). 

Add smaller. efficient compressor to obtain efficient 
operation under light-to-moderate load. 

Replace package or split unit with high-efficiency 
unit. 

Install heat pipe to reduce coil load while maintaining 
latent capacity by precooling mixed air and reheating 
supply air. 

Install clock, EMCS switch or other control means to 
reduce operating hours and peak coincident load of 
air-conditioner. 

Low incidence 

Discussion only 

Insufficient data 

Efficient new unit Y FEDS Level-2 

Precoolinglreheating heat pipe for 
latent load 

N Insuffient data 

N Insufficient data Reduce A/C hours 

SWiMMING POOLS 

Direct fired make-up air Install direct-fired make-up air heater in air-supported 
pool enclosures. 

N No application at site 

Insufficient data N Install dehumidifying heat pump to reduce ventilation 
load of enclosed pool. 

Heat pump dehumidification 
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Table 1.1. (contd) 

Pas& 

Screening 
Preliminary 

ERO Name ERO Description (Ynq Comment 

ENVELOPE 

Insulate attic ceilings Baa-type fiberglass insulation and blown-in fiberglass 
or cellulose are most frequently used as ceiling 
insulation. 

Y FEDS Level-2 

Insulate walls Y Insulate with rigid. non-rigid. poured-in, or blown-in 
insulation. For a wood frame wall or a cavity wall. 
remove top strip of siding or drill holes in sheathing 
or inside gyp-board and completely fill each stud 
space with blown-in insulation. 

FEDS Level-2 

Insulate slab-on-grade perimeter Not applicable To insulate the slab, it will be necessay to dig around 
the building up to the depth of the frost line or the 
footing, whichever is shallower. 

Fiberglass baa or blanket insulation is ideally suited 
for insulating floors above crawl spaces. Typically. 
the insulation is hung using a wire mesh, nails, and 
staples. Vapor bamer is installed against the floor 
surface prior to installation of the insulation. 

Storm windows create a "dead-air" space for 
insulation and also reduce infiltration. Multi-glazed 
windows replace existing windows. 

Install insulated roller-shade with edge seals in all 
large windows. 

Window tinting or micro-louver screens can be 
applied to an existing window to reduce solar heat 
gain. 

Insulate floor above crawl space Y 

Y Storm windowddoors and multi- 
glazed windows 

Double-pane 

Movable Window Insulation N 

Y 

Not applicable 

shade screens Tintedlreflective window film or 
screen 

Add fiberglass insulation to supply and return ducts. 

Install weatherstripping to door and window 
perimeters to provide a tight seal l i i t ipg or 
e l i i t i n g  infiltration. 

A bead of caulk could be applied to seams in building 
structures where air can infitrate. 

Insulate supply and return ducts 

Weatherstripping 

Y 

Y E 

Caulking 

Radiant bamer 

Y 

N Low incidence Install radiant bamer in attic. 

SPACE HEATING 

Replacement is cost effective if existing furnaces are 
old and inefficient. 

Y FEDS Level-2 New conventional furnace 
(76% efficient) 

Replacement is cost effective if existing furnaces are 
old and inefficient. 

Provide spot or space heating by overhead infrared 
heating system to provide comfort with lower air 
temperature and corresponding lower envelope 
conduction and infitration loss; also reduces energy 
used to power fans and pumps. 

Replace old space heater with a new space heater. 

Y 

Y 

FEDS Level2 Pulse-condensing 
furnace (93% efficient) 

Infrared (radiant) heaters 

Space unit heaters N Use alternate ERO - infrared 
heaters 
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.. Table 1.1. (contd) 

Passed 
Preliminary 
Screening 

Comment ERO Name ERO Description W/N) 
Electric baseboard heaters 

Install programmable thermostat 
with setback controls 

Baseboard unit provides more uniform heating due to 
placement at base of exterior walls where heat loss 
occurs. 

Electronic thermostats provide the means to set back 
temperature when the space is unoccupied or a 
greater deviation from n o d  set point temperature 
can be tolerated. 

Fuel switch from propane to natural 
gas gas. 

Fuel switch from fuel oil to natural 
gas gas. 

Switch space heating fuel use from propane to natural 

Switch space heating fuel use from fuel oil to natural 

TRANSPORTATION 

Conversion of fleet vehicles to 
compressed natural gas (CNG) 

Replacement of gas and diesel Air Force and GSA 
(General Services Administration) fleet with CNG 
models to reduce fuel costs and emissions. 

N 

Y 

Y 

N 

Y 

Not applicable 

Family housing case study 

No fuel oil used 

1.2 Assumptions 

The FEDS assessment at Fort Irwin represents baseline conditions as of mid-1993. Much of this 
baseline information was used as input to the FEDS Level-2 model. The major assumptions underlying the 
FEDS assessment are described below. 

a) FEDS - FEDS software version 2.01 released in February 1994 was used in the Fort Irwin 
assessment. FEDS uses the information provided by the user to internally generate descriptions of 
protoypes of each building type selected 'by the user. The default values of the parameters used to describe 
the prototypes are inferred from the input data; for instance, the climate zone is used in conjunction with 
the building type, vintage, and size to infer parameters relating to the building construction characteristics. 
This information is then used to infer the most likely heating equipment types for each used supplied 
heating fuel type. Sources for the inferences about the building characteristics are mostly derived from the 
following sources: 

1986 NBECS and 1987 RECS building characteristics data 

0 ELCAP commercial and residential end-use load and building characteristics data 

ASHRAE standard design and construction practices. 

b) Energy costs (electricity and propane) - Fort Irwin purchases its electricity from Southern California 
Edison (SCE). At the time the FEDS zinalysis was conducted, the particular rate structure was under 
SCE's time-of-use rate, schedule TOU-8, with an Incremental Sales Rate rider. The current rate structure 
is due to change in 1997. Details of the rate schedule are presented in Appendix A. 
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c) Propane - Propane is supplied to Fort Irwin through a competitive contract. The cost for propane at 
the time of this assessment was 47.3 cents per gallon. 

d) Life-cycle cost - The 1994 discount rate of 3.1 % (NIST 1993) was used in this analysis. This rate is 
a reflection of the discount rate for U.S. Treasury Bonds and varies slightly from year-to-year. The 
relative ranking of EROs with positive NPVs (see Table 3.5) should not be affected to a large extent from 
.this variable discount rate. For consistency in this analysis, installed costs are in 1994 dollars, and the fuel 
escalation rates are determined with the appropriate 1994 index by fuel type (NIST 1993). 

I .3 Identification of Building Set Energy Projects 

The results of the FEDS analysis at a federal facility can be k e d  in a variety of ways to identify specific 
energy efficiency improvement projects. For example, an energy project could be a basewide application 
of an individual technology retrofit measure, such as the replacement of all motors with high-efficiency, 
variable-speed motors. Or, it could be an aggregation of several energy efficiency technology improve- 
ments bundled together but applied to a particular building or set of buildings with the same general char- 
acteristics, such as age and function. The advantage of bundling individual EROs is that it is possible to 
include some measures that by themselves would not be economical. But bundled together with other more 
economical EROs applied to the same building set at the same time, the economics become more attractive 
overall and a greater level of efficiency improvement is achieved. 

In the case of Fort Irwin, the latter approach is the preferred approach. To accomplish this energy proj- 
ect identification, the results of the FEDS analysis (both manual and software derived) were combined into 
a single spreadsheet file for analysis. The steps followed in this process were: 

a) Import ASCII file with raw results into spreadsheet program or other analysis tool. Although 
Microsoft EXCEL(r) was used in this analysis, any other standard spreadsheet program is acceptable. 

b) Sort data by building category and retrofit technology to group all potential EROs by building 
category. 

c) Calculate composite economic parameters and energy savings results to generate subtotals for each 
building type. 

d) Rank building type by predetermined selection criteria to identify most cost-effective projects to be 
implemented. Any number of parameters could be used to rank the building sets, or a combination of 
parameters, both economic or energy savings. IJI the case of Fort Irwin, the combined net savings of all 
individual EROs applied to the building set was used as the single ranking criteria. 

e) Finalize the ranked list, taking into consideration base mission-critical issues impacting the selection 
process, and/or preferred projects based on external factors, such as utility DSM participation. 

In the selection process used at Fort Irwin, we assumed that there were no critical base mission issues or 
external factors to alter the initial ranking of energy projects. 

Within each individual building energy project, the typical EROs usually involved lighting retrofits, 
envelope upgrade measures, hot water conservation measures, and W A C  system improvements. The 
order in which these measure are installed in a building is critical because of the interactive effects between 
measures such as lighting and the W A C  system load requirements. The preferred order of completing the 
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individual tasks is first address those measures that apply to the building envelope, followed by service hot 
water. The lighting retrofits are completed only after considering the interactive effect of more efficient 
lighting (reduced internal heat gains) on the heating loads on the HVAC system to make sure that the sys- 
tem can meet the new heating loads. The HVAC system should be improved last, once a new building 
baseline operation is established and the new heatingkooling loads are known for the building in its new- 
energy efficient configuration. 

Annual Demand 
Savings (kw) 

2,462 
1,899 

254 
2,524 

137 

As long as conditions at the federal facility remain relatively unchanged over time,'then the existing 
FEDS output files can be used to identify new energy projects. However, if conditions change, or signifi- 
cant energy Gprovements are made, then it is recommended that the FEDS assessment be repeated with 
updated baseline information to derive new energy projects. 

~~ ~ 

Present Value 

Energy Savings Demand Savings Cost Savings 
$136,150 $69,627 $1,107,932 

$63,832 $30.029 $598,26S 
$72,594 $27,017 $752,205 

$178,774 $159,247 $876,083 
$45,248 $14,462 $342,290 

Value of Valueof ofInstalled 

Building Set Energy Projects 

5 
54 

81 

The procedures described above for identifying energy projects were applied to the database of informa- 
tion generated from the FEDS analysis. The table below lists the top energy conservation projects at Fort 
Irwin, ranked by net savings of the combined EROs for that building set. Also included in the table are the 
total annual energy and demand savings, first costs of the installed ERO, and the savings-to-investment 
ratio (SIR). 

$1,552 $441 $68,07f 
$40,886 $5,750 $306,248 
$19,365 $8,614 $91,388 

1 BuildmgSet /LIR 
FHDuplexOl 3.5 

llFH Detached 01 I 5.0 
IlAdministration 09 I 3.3 

Administration 03 3.4 
Shops 04 

Annual Energy 
Savings (MBtu) 

11,353 
4,635 
3,705 

14,425 
2,425 

388 
1 1,302 

9t 
4.83: 
924 

301 s 7 , m I  $3,0851 $85,401 
461 $69,9871 $4,6871 $488,746 

~ 

Present Value of 
Energy and 

Demand Savings 
$3,702,924 
$2,868,276 
$2,468,683 
$2,199,434 
$1,175.987 
$1,134,504 
$1,290,527 

$991,341 
$894,407 
901,634 

$1,062,354 11 
$1,010,499 II 

5934,389 II 

Additional energy projects listed in order of net savings are identified below. A more detailed descrip- 
tion of the energy projece for the top-ten projects is presented in the sections that follow. 
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1. Family Housing Duplex 01 

The top-ranked building set energy project at Fort Irwin focuses on 108 family housing duplexes built in 
the 1960s. The major retrofit measures identified include building envelope weatherization, installation of 
sun screens on all south facing windows, lighting retrofits, and additional insulation in the walls and ceil- 
ing. Details of the retrofit measures and the energy and economic impacts are shown in the table below. 
The preferred order of completing the individual tasks is shown in this and subsequent tables for the 
remaining building sets. In general, it is best to first address those measures that apply to the building 
envelope, followed by service hot water. The lighting retrofits are to be done only after considering the 
interactive effect of the reduced internal heat gains on the heating loads on the €WAC system. 

End usc * 

Envclopc 
Envclopc 

Envclopc 

Envclopc 

Roof 

Wall 

Hot Water 

Lights 

Lights 

Lights 

Cooling 

Total 

Retrofit MaurdTcchnolom 
Caulking and weather stripping 
Ihtall window scrccns on NW side of 
buildinen 
Inatall window scrccas on SE sidc of 
buildings 
Inatall window scrccns on SW sidc of 
buildings 
~Incrcasc roof insulation from R-1 1 by 
adding R-30 insulation 
Exkting wall insulation is R-O (No wall 
insulation.): Uez blow in insulation to 
incrcasc wall insulation by R-6.5 
Wrap old LPG tank wi.th insulation, insulate 
p i p ,  inatall low flow shower hcads and 
faucc! acrators,and lowcrtaaktcmpantura 
Rcplaffi 75 watt i ndcaccn t  cciling lamps 
with 27 watt compact fluomccnt lamps 
Rcplsffi 100 watt incandescent cciling lampi 
with 2 15 watt compact fluorrsccnt lamp8 

Rcplacc 60 watt incandcaccnt ceiling lamps 
with 13 watt compact fluomcat lamps 
Rcplacc cxiating elcctric package air condi- 
tionm with hi& cfickncy split  system^ 

Simple 
Payback 

1.1 
4.5 

- 
8.7 

- 
2.4 

- 
6.6 

7.3 

- 
0.5 

1.2 

4.1 
- 
- 

3.8 - 
4.9 

I 

SIR I Savings  tu) I savings I cost savings 
16.2 I 19711 12951 554.60f 
3.8 I 1131 327,001 

$262,367 2.9 

14.8 I 2821 121 
S14.71C 

- 
4.4 61 3 39393 

I 1 

4.6 450 20 s71,W 

3.5 11353 

Demand Savings Savings 
s 8 4 . n i  s 8 3 0 . i ~ ~  

$591,832 5364,421 11 

1.17 



2. Family Housing Detached 01 

End Use 
Envelope 
Envelope 

Envelope 

ll Envelope 

The next ranked energy project at Fort Irwin is directed at the 1960s vintage single-family detached 
housing. As with the similar vintage duplexes, the major cost-effective conservation measures include 
building envelope weatherization, installation of sun screens on all south.facing windows, lighting retrofits, 
and adding insulation to the walls. Details of the retrofit measures and the energy and economic impacts 
are shown in the table below. 

Annuat Prcstntvalue PrrscntValucof 
Simple AnnualEnergy Demand ofhtallcd Encrgyand NCt 

Rctrofit Mcasurcrrtchnology Payback SIR Savings Wtu) Savings (kw) Coat Savings Demand Savings Savings 

Caulking aod weather stripping 4.5 3.8 103 186 $24,679 $119,880 , $69,803 
Install m o w  sctcc118 on NW side of 1.3 13.5 1803 1184 $59,959 5809,304 $749,345 
buildings 

&tall window scrttas on SE side of 8.7 2.0 370 225 $51,804 $165,715 $50,445 
buildings 

Inatall window screens on SE side of 2.4 7.3 151 . 219 $20.877 $178.563 $132,108 II 
Wall Existing wall insulation is R-O. No wall 

insulation. UEC blow in insulation to 
increase wall insulation by R-6.5 
Inc- roof insulation from R-11 by 
adding R-30 insulation 

Hot Water Wrap old LPG tank with insulation, insu- 
late p i p ,  install low flow shower hcads 
and faucct aerators, and lower tank 

Roof 

lbuildings 

1.3 1 1 $209304 $276,190 $67,286 

6.8 1 1 $158,833 $1,072,696 $913,862 

2.6 1730 ' 0 $15,098 . $39,816 $24,718 

14.8 

fcmpcratu= 

lamps with 27 watt compact fluomcent 
Lights Replace I5 watt incand-t ceiling 1.5 11.7 

lamps 
Lights Replace 60 watt incandescent ceiling 4.3 4.1 

lamps with 13 watt compact fluomcent 
lamps 

Lights Replace 100 watt incandescent cciling 5.6 3.1 
lamps with 2 15 watt compact fluomcent 

2.9 

170 8 58,905 575,580 $95,225 

213 12 $42,984 $118,279 $131,907 

37 2 S53626 . $11,654 $11,679 

1.8 

I lamps I I I I 
Total 5.0 4639 

1.18 

1899 $598,269 $2,868,2761 S2,246,31 



3. Administration 09 

End Use 

This building set includes a subset of the newer administration buildings added to Fort Irwin between . 

1984 and 1990. The energy savings potential from implementing energy projects in these buildings 
amounp to over 3700 MBtu per year and net savings of $1.9 million. The packages of conservation meas- 
ures include lighting retrofits, hot water conservation measures, and additional ceiling insulation. 

Retrofit MeaaudTechnology I Paydackl SIR I Savings (M 

linaulati& by R-19. I I I  
Hot Water Wrap existing electric hot water hater tank 

with iaaulation, iaaulatc p i p ,  install low 
flow ahowcr hcads and faucet aerators, and 
lowcr tank temperatures 
Replace existing 2 20 watt incandescent exit 
sign with LEDs exit sign 
Replace existing 2' x 4' 4 40 watt TI2 fluo- 
rescent lamps a d  standard ballast with 3 
32 watt T8 lamps, electronic ballast, and 
new reflectors 

Lights 

Lights 

0.3 

- 
2.7 
- 

4.8 

I 

. i.19 

Pnsent Value Prrscnt Value of 1/ o f z : 5 j  E n w a n d  I Net 1 
$120,120 $31,962 

Savings (kW) Cost Snvings Demaod Savings Savings 

5 $15,968 $73,195 $90,435 

244 $647,663 $2,267,804 $1,804,162 

254 $752,207 $2,468,683 $1,933,705 



4. Family Housing 3 or More 02 

Lights 

Lights 

This particular building set covers the multi-family housing (3 units or more) built between 1983 and 
1985. Full implementation of the most lifecycle cost-effective .energy conservation measures indicated 
below would result in an-estimated savings of 44,000 MBtu annually. Net savings would be $1.6 million. 
As with the previous family housing project, the conservation measures focus on hot water conservation, 
lighting retrofits, and additional ceiling insulation. 

Replace 100 watt incandcaccnt cciling lamps 4.1 4.3 158 7 $24,123 $80,122 s80231 
with 2 15 watt compact fluorescent lamps 
Replace 60 watt incandescent ceiling lamps 4.2 4.2 1169 52 $184,318 , $518,933 $584,026 
with 13 watt compact fluomcent lamps 

Envelope 

Envelope 

Cooling 

Rctrofit Measurcmechnology 
Weatherization, caulking and weather 
stripping 
Install window screens on NW side of 
buildings 
Install window screens on SE side of 

1 buildings 
Ibtall window scrccm on SW side of 
buildings 
Replace older propane water heater system 
with 85% efficient units, insulate. pipa,  
install low flow shower heads and faucet 
aerators, and lower tank temueratures 

Replace existing electric package air 2.3 1.2 3417 1540 $501390 . $601,485 $100,195 
conditioners with high efficiency nplit 
systems 

Simple 
Payback 

2.4 
- 

Total 

4.5 
- 

8.7 

2.6 14425 2524 $876,083 $2,199,434 $1,631,549 

- 
2.4 
- 

O S  

Annual Energy 

2.0 791; 

$34,480 

143 $18,975 $92,170 $53,668 

173 $39,846 $127,465 $38,801 

$15,939 

$18,926 

$356,042 $440,282 I 1-4 I 12-51 7311 I ll Replace 75 wan incandescent ceiling lamps 
with 27 watt compact fluomcent lamps 

1.20 



5. Administration 03 

End Use 
Roof 

Hot Water 

Lights 

Lights 

Lightn 

Lighta 

Lightn 

fights 

Lights 

Lighta 

Lights 

Lighta 

rotal 

This building set includes 42 of the oldest administration buildings still in use at Fort Irwin. Built 
between 1944 and 1946, the energy conservation potential in these buildings is significant. The majority of 
energy savings are from lighting retrofits. The rest is from the hot water conservation package and 
additional ceiling insulation. Net savings are estimated to be $1.1 million, and annual energy savings total 
2400 MBtu per year. Details of the specific conservation measures are listed in the table below. 

Simple 
Retrofit Measure/Technology Payback SIR 

Existing ceiling is a suspcndcd ceiling 5.5 3.7 
with 0 insulation. Increme ceiling 
insulation by R-11. 
Wrap tank with insulation, insulate pipes, 1.1 4.3 
install low flow shower hcads and faucet 
aerators, lower tank temperature. . 
Replace cxinting 75 watt i ndescen t  0.7 26.9 
ceiling fixture with 27 watt compact flu+ 
nacent fixture 
Replace2 60 watt incandescent ceiling 1.3 14.2 
fixture with 2 13 watt compact fluorescent 
fixture 
Replace 60 watt incandescent ceiling 1.7 10.7 
fixture with 13 watt compact fluorescent 
fixture 
Replace exinting indcaccn t  exit signs 3.3 5.4 527 18 $54,987 - $184,475 $243,847 
with LED unit 

Rcplacc existing 2 x 4 40 watt T12 and 3.7 4.9 880 58 $100,504 5437,189 $388.869 
etandard ballast wilh 2 x 4 3 32 watt T8 
lamps, electronic ballast and reflectors 
Replace existing 1 x 4 2 40 watt T12 4.0 4.6 70 5 $10,009 $39,605 535336 
lamps and standard ballast with 1 x 4 2 
32 watt T8 lamps and electronic ballast 
Replace existing 2 x 4 2 40 watt T12 4.4 4.1 226 15 $32,112 $113,918 $100,866 
lamps and standard ballast with2 x 4 2  
32 watt T8 lamps and electronic ballast 
Replace existing 2 x 4 4 40 watt T12 4.5 4.0 205 14 530,151 $104,355 $91,159 
lamps and energy efficient ballast with 
2 x 4 3 32 watt T8 lamps, dffitronic 
ballast and reflectors 

2 34 watt T12 lamps fixtures with clcc- 
tronic ballast 
Replace exinting 1 x 8 1 75 watt T12 13.1 1.4 113 8 $54,419 $57,561 $20,233 
lamp, standard ballast fixture with 1 x 8 1 
60 watt, T12, encrgy efficient ballast, and 
reflector 

Replace standard ballast in existing 1 x 4 5.6 3.2 152 10 $33,2?2 381&?0 $74,494 

3.4 2425 137 $342,290 $1,175,987 $1,106,009 

Annual Energy 
Savings (MBtu) 

I 

A n n u a l D d  
Savings (kW) 

1 

0 126 

Prrscnt Value Present Value of 
ofhtallcd Encrgyand 
Cost Savings Dnnand Savings 

$19,934 s7399c 

$675 $2,893 

63 4 

2 

2 

31 

$1,735 $36,131 

$1,945 $22,622 

$2347 $22,622 31 

1.21 



6.  Shops04 

End Use 

The two vehicle maintenance shops built in 1952 are a significant target for an energy efficiency 
improvement project. The net savings resulting from implementing the measures listed below are esti- 
mated to be $1.1 million with an aggregate SIR of 13.3. 

Retrofit Mcasudcchnolow SIR 
26.8 Existing ceiling *mulation is R-5. Incrcasc 

insulation by R-19 
Existing wall insulation is R-O. Use blow 
in imlation to inctcase by R-6.5 

Annual Energy h c n t  Value Resent Value of 
Savings AnnualDcmand ofInstallcd Energyand Net 
(MBtu) Savings &W) Cost Savings Dcmand Savings Savings 

1 1 $31,037 5830,340 $799,303 

Simple 
Payback 

0.8 

3.7 1 1 $20,147 5.9 573,797 $53,650 

Hot Water 

Lights 

Wrap existing LPG hot water heater tank 
with insulation, insulate pipcs, install low 
flow shower heads and faucet aerators, 
lower tank tempcraturc 
Replaceexisting lo00 watt mercuryvapor 1.1 
pendent mounted lamps fixtures with wall 
mounted, 400 watt high pramresodium 
fixtures 

1.6 3.0 

16.0 

14.0 

9.1 

8.9 

. 7.1 

6.3 

4.7 

13 watt compact fluorescent lamps 
Replace 2 x 4 3 40 watt T12 fluorescent 
lamps with 3 32 watt T8 ad clccttonic 
ballast 

14 0 $109 $323 $214 

$102,961 $98,855 169 13 $6,612 

8 1 $501 $5,709 $6,523 

3 0 $349 $2,894 $2,817 

7 1 $676 $4,888 $5,357 

9 $10,682 $73,415 $64,750 118 

6 0 5805 $4,479 $4251 

517,811 $13,751 26 2 

1.3 

- 
2.0 

Lights 

Lights 

lights with pendant mount, 50 watt, high 
p-resodium lamps 

lamps with pendant mount, 135 watt, low 
prrssurc sodium lamps and fixtum. 

Replace exit signs with 2 20 watt lamps 5.3 3.4 19 1 $3,513 58,263 58,381 
with self luminous exit signs 

Replace existing 1 x 8,175 watt T12 fluo- 11.1 1.6 16 1 5 7 w  $9,624 $4,491 
rescent lamps ad standard ballast with 1 
60 watt, T12 lamps with energy efficient 
ballast and reflectors. 

lamps, and standard ballast with 1 x 4 2 32 

pendent mounted lamps ftxtures with 
pendant mounted, 90 wan low p-re 
sodium furtum 

Total 

~~ 

2.9 

- 
3.9 

13.3 388 30 585,401 $1,134,504 $1,062,354 

1.22 



7. Family Housing Duplex 03 

End use 
Roof 

Hot WaEr 
* 

Lights 

The new family housing duplexes built in 1990 are also a significant target for energy efficiency 
improvements. For these new residential structures, the measures to be installed include the hot water con- 
servation package, replacement of incandescent lamps with compact fluorescent, and adding additional 
ceiling insulation. 

Retrofit MeasurcRcchnology 
Exinting wiling insulation is R-7. 
Incnase hulation by R-19. 
Wrap existing tank with insulation, 
insulate pipes, i d 1  low flow shower 
heads and faucd aerators, lower tank 
lcmpcraturc. 
Replace existing 75 watt incandcaccnt 
ceiling lamps with 27 watt compact fluo- 
rcsccnt lamps 

Simple 
Payback 

15.5 

0.4 

1.2 

3.6 

6.1 

SIR 
1.2 

17.5 

15.7 

5.0 

2.9 

Total 

10311 0 $18,797 $32&501 

T 

Lights 

Lights 

Lights 

$382,884 

Replace existing 60 watt incdcacent 
ceiling lamps with 13 watt compact fluo- 
nsccnt lamps. 
Replace 1 x 4 2 40 watt T12 lamp and 
standard ballast with 2 32 watt lamps and 
clcctronic ballast. 
Replace 1 x 4 2 34 watt TI2 lamps with 
d a r d  ballast with clcctmnio ballast. 

$130,459 $474,982 

461 $488,7461 $1,290,527 

Net 
Savings 

s689-M 

$309,710 

$78,875 

$521,056 
I 

$20,904 

$11,450 

$1,010,499 

, 
1.23 



8. Recreation 02 

End Use 
Roof 

This particular building set is composed of the gymnasium built in 1958, the outdoor pool buildings 
(1969) and the bowling alley (1967). The biggest energy efficiency improvements come from the lighting 
retrofits and additional ceiling insulation. Significant savings are also available from the hot water 
conservation package. Net savings from implementation of all efficiency improvements is estimated to be 
$0.9 million. The composite SIR is 14.9. 

Annual 
Simple AnnualEnrrgy Demand 

Rctrofit Meaeurc/rechnology Payback SIR Savings (MBtu) Savings (kw) 
Existing roof insulation is R-O. Suspended 0.8 23.4 1 1 
&ling. Increased insulation by R-30 

Wall 

Hot Water 

Lights 

Lights 

Lights 

Lights 

Lights ’ 

Lights 

Heating 

Net 
Savings 
5868,002 

Existing wall insulation is R-7. Use blow in 8.2 2.3 1 1 321,108 $48,445 

Wrap existing tank with insulation, insulate 1.3 3.6 18 0 $114 $412 

insulation to inc- by R-2.4 

p i p ,  W l  low flow shower heada and 
faucet aerators, lower tank ttmpcraturc 

Replace existing 75 watt incandcsccnt ceiling 0.7 23.7 5 0 $134 S2,36C 
lamps with 27 watt compact fluomcent 
lamps 
Replace existing 60 watt incandcsccnt ceiling 2.2 8.3 40 2 $3,307 321,449 
lamps with 13 watt compact fluomccnt 
lamps. 
Replace existing 2 20 watt exit lights with 3.4 5.0 4 .o $434 31,28283 
LED exit a igm 

a d  standardballast with 3 40 watt T12 
lamps d electronic ballast 

and standard ballast with electronic ballast 
Replace existing 1 x 4 2 34 watt T12 lamps 6.2 2.8 4 0 $945 $1,905 
and standard ballast with electronic ballast 
Add electrically p o w d  damper to boiler 8.0 1.4 6 0 $ 2 4 4 ’  $330 
flue to reduce stack loasca 

Replace existing 2 x 4 4 34 watt T12 lamps 3.4 5.1 6 0 $737 52,898 

Replace existing 2 x 4’2 34 watt TI2 lamps 5.6 3.2 11 1 32,361 $5365 

327,337 

3298 

$3,05C 

$24,021 

$1,751 

$3,043 

$5,087 

$1,714 

586 

Total 14.6 96 5 $68,076 $991,341 $934,385 I 

1.24 



9. Family Housing 03 or More 03 

This residential family housing building set consists of 59 multi-family units built in 1990. Total build-. 
ing area is 496,000 square feet. The greatest energy improvements are from replacement of the existing 
incandescent lamps with compact fluorescent (1200 MBtu annual energyxavings) and'an increase in ceiling 
insulation of R-19. Net savings resulting from full implementation of all measures in the project would be 
approximately $0.8 million. The SIR is 2.9. 

I Simple I 
End Use Retrufit MeaurcRcchnology 

by R-19 

pipes, install low flow shower heads and 
faucet aerators, lower tank temperatun. 

Lights Replace existing 75 watt incandescent 1.3 13.3 
ceiling lamps with 27 watt compact fluom- 
cent lamps 

ceiling lamps with 13 watt compact fluons- 
cent lamps. 

ceiling lamps with 2 15 watt compact flu* 
mcent lamps. 

Lights Replace existing 60 watt incandcsccnt 3.9 4.6 

Lights Replace existing 100 watt incandescent 4.9 3.7 

Total 2.9 

prcscnt value h a l t  value of 
AnnualEnergy AnnualDemand ofInstallcd Encrgyand 
Savings Wtu) Savings (kw) Cost Savings Demand Savings 

1 1 3139,587 S160,25S 

3618 0 $20,856 $115,25251 

432 . 19 $22,576 s227,44c 

6911 301 . $108,9681 3353,613 

a:Ii $14,261) 

$37,844 

3306m $894,407 

Net 
Savings 
$20,672 

$94395 

$277,242 

3392,096 

$37,909 

$822,314 

1.25 



10. School/Training 02 

Present Value 
ofhtalled 

Cost Savings 
$26,977 

3197 

$26,337 

$6,546 

$31,331 

$91,388 

This building set includes 15 individual buildings constructed between 1984 and 1990 that are used for 
training purposes. The total floor area for the building set is 37,000 ft2. .The recommended energy 
efficiency improvements include the hot water conservation'package, lighting retrofits, and additional 
ceiling insulation. The net savings for implementing these project is estimated to be $0.7 million with a 
7.7 SIR. 

Present Value of ' 

Energyand Net 
Demand Savings Savings 

$114,430 $87,453 

$4.947 $4.750 

$435.164 $512,894 

$27.115 $34,183 

$119.978 $103.462 

$101,634 $142.142 

End Use 
Roof 

Hot Water 

Lights 

Lights 

Lights 

Total 

1.4 Building Information 

Retrofit Measurflechnology 
Increase existing ceiling insulation by 

Wrap existing electric hot water tank 
with insulation, insulate pipes, install 
low flow shower heads and faucet 
aerators, lower tank tmperature. 
Replace 75 watt incandescent ceiling 
lamps with 27 watt compact fluorescent 
lamps 
Replace incandescent exit signs with 
LED exit signs 
Replace existing 2 x 4 4 40 watt T12 
lamp. standard ballast fixture with 3 
32 watt T8 lamps, electronic ballast, 
new reflectors 

R-38 

Simple 
Payback 

4.3 

0.1 

0.9 

2.9 

4.2 

SIR I Savings Annual Energy W N )  

7.7 I 924 

Annual Demanc 
Savings 

1 

4 

5E 

2 

16 

81 

The number of buildings, building number and total floor area for each building set at Fort Irwin are 
listed in the following table. Additional information on each specific building can be extracted from the 
Fort Irwin Real Property List. 

1.26 



Building identification number and average age of buildings in each building set used in the FEDS Level-2 analysis 

CHAPEL-01 2 1948 3,444 

CHAPEL02 I 1968 15,930 

Bldg. Set ID 

ADMIN-0 1 

ADMIN-02 
ADMIN-03 

00212,00233 
00315 

ADMlN-03a 
ADMIN-04 

ADMIN-05 
ADMIN-06 
ADMIN-06a 
ADMIN-07 
ADMIN-07a 
ADMIN-08 
ADMIN-09 

BARRACKS01 
BARRACKS-02 

BARRACKS-03 
BARRACKS-04 
BARRACKS-05 
BARRACKS-06 

BARRACKS-07 

No. - 
4 

6 
42 

1 
I 

16 
2 
2 
3 
2 
4 

55 

- 
1 

32 

2 
3 
1 
6 

9 - 

Avg. 
Yr. 

Built 

1949 

1987 
1945 

1946 
1944 
1953 
1967 
1966 
1985 
1986 
1984 
1988 

1953 
1953 

1965 
1967 
1989 

1985 
1987 

Area 
crt', 

10,961 

25,65 1 
85,723 

2,000 
13,612 
59,798 
18,263 

5,152 
6 1,704 
15,002 
84,128 

257,040 

6,265 
198,952 

52,208 
127,677 

4,032 
43,560 

243.239 

Building Numbers 

00365,00466,00615,06201 
00100,00152,00826,00828,06252,07600 
00157,00236,00241,00243,00372,00425,00426,00428,00429, 00433,00437,00439,00441, 00443,00444, 00445, 0045 
00452,00453,00454,00458,00464,00479,00483, 00510, 00520,00526,00527,00528, 00529,00539.00543,00544, OOS! 
00554,00564,00570,00578,00579,00580,00583,00813 
00521 
00237 
00101,00408,00411,00415, 00436, 00442,00488,00497,00498,00499, 00504, 00508,00513, 00524,00549, 00930 
00279,00281 
00320,00604 
00130,00248,00988 
00983,00985 
00255,00256,00257,00258 
00011,00136,00154,00156,00158,00182,00230, 00239, 00316.00383, 00385,00402, 00500,00502,00503,00505, 0050t 
00507,00546,00548,00550,00561,00563,00565,00566,00567,00569,00571,00573,00575, 00577,00582, 00587, 00591 
00591, 00592,00593,00594, 00595,00596,00597,00598,00599, 00653, 00654,00655,00656, 00657,00658, 00662, 0086: 
00931.00932,00933,00940 

00448 
00014,00102,00103,00104,00412,00413,00414,00416,00417,00418,00419,00420,00421,00422,00423,00434,0044( 
00487,00489,00491,00493,00494,0051 1,00512,00514,,00516,00518, 00519, 00523,00530,00534,00540 

00098,00099 
00226,00273,00275 
00028 
00105,00106,00107,00108,00110,00111 
00249,00250,00251,00252,00261,00262,00264,00265,00267 



R. Irwin FEDS Level-2 Building Set Summary 

CLINIC-01 
CLINIC-02 

Bldg. Set ID 

1 1987 12,820 00171 
4 1944 8,304 00235,00242,00245,00478 

Building Numbcn 

COMMISSARIES-01 1 I 1988 56,500 00920 

CLUBS-01 6,300 
16,109 

CLUBS-03 1989 25,062 

5 
3 
1 

20018 
00021,00202 

00037 

1961 
1984 
1970 

~~ 

EXCIIANGE FAG-01 

EXCIIANGE FACS-02 
EXCHANGE FACS-03 

EXCHANGE FACS-04 

DINING HALLS41 
DINING HALLS-02 

DINING HALLS-03 
DINING HALLS-04 

DINING HALLS-05 
DINING IIALLS-06 

2 1987 5,660 

3 1957 12,067 
1 1963 18,567 
1 1988 42,957 

- 
4 

10 
7 
1 

1 
1 

1962 
1987 
1946 
1967 

1988 
1984 

6,556 
13,520 
19,052 
13,379 
3,520 

10,860 

ELECTRONICS-0 1 
ELECTRONICS02 
ELECTRONICS-03 

796 
3,728 
4,771 

~~~ 

00449,00975, 11012, 12002 
06012,06013,06027,06028.06042,06043,06058.06059.70311,70616 
0043 1,00447,00468,00476,00535,00560,00819 
00222 
00323 
00254 

05005,06202,06220,06230,06250 

05006,06212, 16150 
00013 

OoM4,00317 

00404,00430,00909 
00308 

00918 
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FL Irwin FEDS Levcl-2 Building Set Summary 

No. 
36 

125 

59 

Bldg. Sct ID 

Avg. 
Yr. 

Built 

1966 

1984 

1990 

FII-3 or morc-01 

1W3 or morc-02 

PlI-3 or more-03 

Area 
Cftl> 

179.78 1 

839,604 

496,370 

Building Numbcn 

01716,01718,01720.03306,03308,03309,03311,03313.03317,03318,03319.03320,03321.03322,03323.03324.03325, 
03326,03328, d3420,03421,03521.03523.03524,03624.03626,03627,03628.03629,03630.03632,03633,03634,03635, 
03636,03637 
03680,03681,03682,03683,03684.03685.03687.03689,03690.03691.03692.03693,03694,03695,03699,03700,03701. 
03702,03704,03705,03712,03713,03715,03716,03718,03720,03721,03722,03723,03724,03725,03726,03727,03728, 
03730,03731, 03732,03733,03737,03738,03742,03743,03744,03745,03746, 03747,03748,03750,03752,03800,03801, 
03802,03803,03804,03805,03806, 03807, 03809,03811,03812,03813,03814,03815,03816,03818,03820,03821,03822, 
03823,03824,03825,03826,03827, 03828,03829,03831,03832,03833,03834,03835,03837.03839,03840,03841.03842, 
03843,03844,03845,03846,03848, 03850,03851,03852,03853,03854,03855,03856,03857,03858,03860,03861,03862, 
03863,03864,03865,03866,03867, 03868,03869,03870,03871,03872,03880,03881,03882,03883, 03884,03885,03886. 
03890,03891; 03893,03895,03897,03898 . 
04040,04049,04050,04054,04059,04067,04071,04078,04084,04086,05010,05015,05016,05028,05030,05040,05043. 
05045,05046,05048,05052,05056,05059,05060,05061,05068,05072,05081,05084,05088,05089,05094,05103,05104, 
05108,05109,05114,05115,05117,05118,05119,05120,05121,05123,05124,05126,05129,05132,05133,05134,05135, 
05136,05139,05140,05141,05142,05143,05144,05145 
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PL Irwin PEDS Levcl-2 Building Sct Summary 

Bldg. Sct ID 

PI I-Duplcx-0 I 

( 

Avg. 
Yr. Arca 

No. Built W) 
108 1963 323.43 1 

13 1983 51,35C 

117 1990 558,965 

FH-Du~Icx-O~ 

PII-Duph-03 

GUEST HOUSES-01 6 1987 11,046 
GUEST HOUSES-02 10 1982 12,000 

Building Numbers 

00900,00901,00902,00903,00904,00906 
TSOO1, TS003, TS004, TS005, TS036, TS046, TS047, TS048, TS049, TS050 

~~ ~ ~~~ ~ ~~ 

01722,01900.01902,01903,01904,01906,01907,02003,02009,03000,03001, 03002,03003,03005,03006,03007,03008, 
03009,03010,03011,03012,03013,03014,03015,03101,03102,03103,03104,03105,03106,0320D, 03201,03202,03204. 
03206,03208, 03302,03304,03310,03312,03314,03316,03401,03402,03403,03404,03405,03406,03407,03408,034Q9, 
03410,03412,03414,03415,03416, 03417,03418,03419,03422,03500,03501,03502,03503,03504,03505,03506,03507, ’ 

03508,03509,03510,03511,03512,03513,03514.03515, 03516,03517.03518,03519.03520,03522,03600,03601,03602, 
03603,03604,03605,03606,03607,03608,03609,03610, M611.03612,03613,03614,03615,03616,03617,03618,03619, 
03620,03621, 03622,03623, ,03625,03631 ’ 

03697,03703,03707,03709,03711,03714,03717,03735,03739.03740,03741,03749,03751 
04041,04042,04043,04044,04045,04046,04047,04048,04051,04052,04053,04055,04058,04060, M061,04062,04063, 
04064,04065,04066,04070,04072,04073,04074,04075,04076,04077,04079,04080,04081,04082,04083,04087,04088, 
04089,04090, p4091,04092,04093,04094,04095,04096,04097,04098,04099,05011,05017,05018,05019,05020.05021, 
05022,05023,05024,05025,05026,05027,05029,05031,05032,05034,05035,05036,05037,05038,05039,05044,05047. 
05049,05050,05051,05053,05055,05057,05058,05062,05063,05064,05065,05069,05070,05071,05073,05074.05075, 
05076,05079,05080,05082,05083,05085,05086,05087,05090,05091,05092,05093,05095,05096,05097,05098,05100, 
05101,05102,05105,05106,05107,05110,05111,05116,05122,05127,05128,05137,05138,05146,05147 

HANGER-01 1 1944 8,100 06203 I 
I HOSPITAL-01 1 1968 63,818 00166 , 
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19. lrwin FEDS Level-2 Building Set Summary 

Avg. 
Yr. 

Dldg. Set ID No. Built 

LABS-01 1 1953 

LADS-02 1 1946 

c 
L 
h 

Area 
(ft') Building Numbers 

6,265 00144 

3,150 00228 

1,638 
21,236 
12,660 

15,947 
9,271 
2,487 

15,610 

23,680 

MILITARY OTI 1ER-0 1 

00023,00671,00672,00673,00675,00676,00677,00770 

00009.00124,00331,00911,00976,01209,01210,03995 
01322 
00312,00410,00480,00556,01318 
00310 
00340 
00910,01300,01313 

00361 

MILITARY OTI 1ER-02 

MILITARY OTIIER-03 
MILWARY OTHER-04 
MlLITARY OTHER-05 

MWR-01 
MWR-02 
MWR-03 

MWR-04 
MWR-05 
MWR-OSa 
MWR-06 
MWR-07 

- 
38 

36 

1 

2 
4 - 
- 

8 

1 

1965 

1986 

1987 

1978 
1987 

1967 
1986 
1987 

1949 
1965 

'1968 
1983 
1985 

12,462 

15,899 

5,760 

1,778 
11,944 

00334,00355,00622,00624,00627, 00640,00643,00647,00670,00834,00836,00852,04605,04820,04920,06205,06300, 
06550, 11006, 11008, 11013, 12006, 12008,70501,70504,70604,70606,71020,71102,71103,71610,71710.71720,71850, 
72115, DIOSF, MOGAS. WASTO . 
00628,00629, 00683,00685,00686, 00687,00689,00690,00691,00871,00872,00874,00877,00878,00890,01319,07632, 
07702,07704,07705,07706,07707,07708,70223,70224,70309,70310,70312,70443,70444,70614,70615,70773,70774, 
70884,70915 
06100 
00950,00992 
06017,06032,06047,06057 
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FL Irwin FEDS Level-2 Building Sct Summary 

1962 

1965 

Bldg. Sct ID 

6,845 00018,00328,~~338 

39,748 00322,00327,00905 

PRODPROCESS-01 

PRODPROCESS-02 

1981 

1945 

1985 

- - 

No. 

580 00010,’00688, 00692,07631,07700,20010 

8,766 00326.0M27 

. 7,600 00400 

50 

3 - 7 
RECREATION-02 

Avg. 
Yr. 

Built 

1971 

1986 - 

Area . 
Cft? 

~~ ~ 

17,012 

10.900 

Building Numbers 

00532,00617,00630,00636,00638,00641,00652,00663,00679,00682,00700,00705,00708,00709,00730,00824,00838, 
00848,00851,00853,00870,00876,00880,00974,00984,04006,05990,06204,07703,16152, 19000.20003,20020 

00109.00253.00263 

00012, ~)o27.ooo42,00~43,ooo44,ooi43,ooi49,ooi~9,00244,oo3i9,0~24,00339,oo343,0~~3,~388,oo4~2.oo4~o, 

RHCRE A’IION-03 I I :iz I 10,416 I00325 

RECREATION-04 23,150 00362 

SCIIOOLfI’RALNING-01 

SC~lOOLfI’RAINING-02 

SCliOOL~ AiNlNG-03 

2 
15 

5 

1964 

1985 

1958 

2,160 

37,116 

17,610 

11010,12010 

00184,00217,00284,00285,00286,00588,01201,01203,01204,01205,01206,01207,01208,70445,70775 
00490,00492,00496,00547,01202 

SECURMY-01 , I 
SECURITY-02 

SECURITY -03 

SHOPS02 

SHOPS-03 

SHOPS-04 

SI IOPS-05 
SI1OPS-06 

SI IOPS-07 

17 

17 

2 

10 
2 

4 - 

1984 

1946 

1952 

1967 

1987 

1985 - 

60,817 

67,658 

55,184 

53,342 

7,680 

134.888 

00501,00631,00632,00633,00634,00664,00665,00666,00667,00668,00669,00825,00829,00846,00859,07602, 
MOWEL, 
00356,0M67,00384,00568,00581,00600,00605,00608,00612,00616,00623,00626,00642.00646,00842,00941,00945 

00614,00840 

00357,00620,00621,00639,00650,00830,00832,00847,00850,00857 

00837,00855 

00680,00681,00873,00879 
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Ft. Irwin FEDS Level-2 Building Set Summary 

No. 

23 

141 

Bldg. Sct ID 

STORAGE-01 

Avg. 
Yr. Arca 

Built UtZ) 

1984 40,520 

1961 185,935 SlORAGE-02 

WAREIIOUSE-01 

WAREIIOUSE-02 

WAREIIOUSE-03 
WAREIIOUSE-04 

WAREIIOUSE-05 

WAREIIOUSE-06 
WAREIlOUSE-q7 
W AREIIOUSE-08 
WAREBOUSE-09 
WAREIIOUSE-10 
WAREIIOUSE-11 

39 

8 
3 
2 

27 

2 
2 

2 
3 
3 
1 - - 

1949 

1964 
1983 
1986 
1946 

1956 
1954 

1968 
1985 
1987 
1987 

28,728 

25,561 
4,167 

20,559 
89,826 

8,665 
8 1,680 
13,249 
14.325 
39,375 
14,500 

Building Numbcrs 

00015,07606,07607,07608,07609,07610,07611,07612,07613,07614,07615,07616,07617,07618, 07619,07620,07621, 
07622,07623,07624,07625,07626,07627 
00148,01824, 01826,01828,01830. 01832,01834,01836,01838,01839,01841,01842,01843,01844, 02000,02002,02004, 
02006,02008,02010,02012,02100,02101,02102,02103, 02104,02105,02106,02107,02108,02109,021 10,02111,02207, 
02209,02300,02301,02302,02303, 02304,02305,02306,02307,02308,02310,02312,02313,02314, 02400,02401,02402. 
02403,02404, 02405,02406,02407, 02408,02409,02410,02411,02412,02413,02414,02415,02416,02417,02418,02419, 
02420,02421, 02422,02424,02426, 02428,02430,02502,02503,02504,02506, 02507,02508,02600,02601,02602,02603. 
02604,02605,02606,02607,02608, 02609,02610,02611, 02612,02613,02614,02615,02616,02617,02618,02619,02620, 
02621,02703,02704,02705,02707,02709,02711,02713,02714,02800,02801,02803,02804,02805,02806,02807,02808, 
02809,02810,02811,02812,02813, 02814,02815,02816,02817,02818,02819,02820,02821,02822,02824,02900,02902, 
02903,02904,02906,02908,02910 

00022,00139, 00354,00386,00609,00625,04101,04102,04103,04104,04105,04106,04107,04108,04109,04201.04202, 
04203,04204, 04205,04206,04207,04208,04209,04301, 04302,04303,04304,04305,04306,04307,04308,04309,04310. 
04401,04402,04403,04404,20005 
00358,00360,00706, 041 10,041 11,04210,0421 1,20001 

00359,00703,20008 
07601,07701 
00024,00234,00318,00333,00342,00344,00352,00364,00435,00456,00460,00462,00470,00472,00474,00485,00486, 
00531,00537,00545,00558,00562,00584,00585,00586,00814,00818 
00517,00844 
00860,00934 

00277,00306 
00552,00827,00861 
00821,00863.00888 
00862 
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2.0 Energy Resource Opportunity Evaluations 

The results of the analysis of energy resource opportunities (EROs) are presented within 16 sections, 
organized by end-use category, by manual versus FEDS Level-2 analysis, and in some cases, by building 
type. Boilers and furnaces are analyzed in Section 2.1, manual W A C  options are analyzed in Section 2.2, 
building envelope (Level-2) in Section 2.3, building envelope (manual) in Section 2.4, service hot water 
(Level-2) in Section 2.5, service hot water (manual) in Section 2.6, interior lighting (Level-2) in Sec- 
tion 2.7, lighting controls (manual) in Section 2.8, motors in Section 2.9, air conditioning in Section 2.10, 
central plant chillers in Section 2.11 , domestic refrigerators in Section 2.12, modular offices in Section 
2.13, transmission and distribution in Section 2.14, peak shifting in Section 2.15, and base vehicles in 
Section 2.16. A brief narrative description of each ERO is provided and, when applicable, a discussion of 
energy supply and demand, energy security, and environmental issues. 

At the end of each section, a summary table presents the operational performance and energy savings 
information. For the Level-2 EROs these tables report existing and retrofit equipment efficiencies, energy 
savings, and retrofit installed cost. The manual results tables are presented in three parts: existing operat- 
ing parameters, energy-efficient operating parameters, and energy-efficient economic parameters. All 
results tables report the net present value (NPV) and the savings-to-investment ratio (SIR). The NPV is 
defined as the difference between the life-cycle cost of the existing technology and that of the proposed 
alternative. The SIR is defined as the present value (PV) of total savings divided by the PV of the installed 
cost. As a first-cut selection criteria, EROs with positive NPVs are selected for further consideration and 
reported in the.Energy Efficient Economic Parameter section, while EROs with negative NPVs are dis- 
carded. For the installation of new or retrofit equipment to be economically attractive, its NPV would 
have to be greater than zero. The NPV of the option of doing nothing to the existing equipment is zero. 
The SIR is used to prioritize EROs and is only applied to projects deemed cost-effective by nature of their 
positive NPV. 

Individual EROs were evaluated as mutually exclusive measures. This approach allows individual EROs 
to be ranked or rated based on parameters such as installed cost, NPV, energy savings, and changes in 
operations and maintenance (O&M) requirements. In addition, this evaluation approach permits direct eco- 
nomic comparison of competing EROs (e.g., retrofitting an old gas furnace with a new standard-efficiency 
or a new high-efficiency furnace). When competing EROs have positive NPVs, the ERO with the higher 
positive NPV will be considered further, while the ERO with the lower NPV will no longer be considered. 

In the Energy Efficient Economic Parameter section of the manual tables, in cases where there are mul- 
tiple positive NPV retrofit options, the highest positive NPV option may be "boxed" if presenting all of the 
options was considered to be of value. In other cases, only the highest positive NPV option is shown in 
this section. At the bottom of this section all highest positive NPV options are summed and presented as 
totals for the following column headings: Installed Cost (1994$), Annual Savings @tu), Annualized Net 
Energy Savings (1994$), Annualized O&M Savings (1994$), and Net Present Value (1994$). These totals 
represent the summation of the available resource (in energy and dollars) for the winning retrofit 
technologies. 

In the manual EROs, replacement or retrofit of existing technologies was evaluated on a replace- 
immediately (RI) or a replace-on-failure (ROF) basis or both, depending on the average approximate age of 
the existing equipment, the remaining useful life of the existing equipment, and the life expectancy of new 
equipment. All EROs can be evaluated on an RI basis. EROs that affect existing equipment with remain- 
ing useful lives greater than 25 years can only be evaluated on an RI basis because the existing equipment 
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would not be expected to fail during the 25-year analysis period (as mandated by 10 CFR Part 436, which 
requires all federal energy decisions to use LCC analysis methodology). If, however, the existing equip- 
ment is expected to fail during the 25-year analysis period, the EROs associated with this equipment can be 
evaluated on an ROF basis. In addition, existing equipment that has exceeded the average life expectancy 
of comparable new equipment is assumed in this analysis to have zero remaining useful life left. 

The Level-2 approach to RI and ROF is a bit different; Level-2 assumes that an ROF piece of equipment 
will, by law (10 CFR Part 436), be replaced with the most life-cycle, cost-effective piece of equipment. 
This assumption rules out the need to examine the ROF option for any piece of equipment. 

The maintenance cost given for new or retrofit EROs is the incremental cost difference between the cost 
of maintaining the existing equipment and that of maintaining new or retrofitted equipment. Because main- 
tenance cost of new or retrofitted equipment is often the same as the cost to maintain the existing equip- 
ment, this incremental maintenance cost is often zero. 

Electricity demand savings were included in this analysis for the following ERO equipment types where 
relevant: lighting, air conditioning, fans, pumps, motors, and transmission and distribution (T&D). 
Essentially, if EROs associated with these equipment types contributed to peak demand reduction (as meas- 
ured in reduced peak kW load), then demand savings were included in the economic analysis. 

The 1994 discount rate of 3.1 % (NIST 1993) was used in this analysis. This rate is a reflection of the 
discount rate for U.S. Treasury Bonds and varies slightly from year to year. The relative ranking of EROs 
with positive NFVs (see Table 3.5) should not be affected to a large extent from this variable discount rate. 
For consistency in this analysis, installed costs are in 1994 dollars (1994$), and the fuel escalation rates are 
determined with the appropriate 1994 index by fuel type (NIST 1993). 

There are a number of EROs that are post-scripted as "discussion only." In general, these are EROs 
that PNL was asked to analyze by the Fort Irwin energy manager, but were found to be technically flawed, 
grossly not cost-effective, or beyond the scope of this analysis. There are several others that are included 
for informational purposes. The information included in these sections is, as the name states, a discussion 
of the ERO only. No attempt was made to calculate the life-cycle cost-effectiveness of any of these EROs, 
and therefore, no results tables are included. 
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2.1 FEDS Boiler and Furnace EROs 

2.1 .I Replace Existing HTHW Systems with (Oil, Natural Gas, or LPG) Boilers 

Description 

This section pertains to replacing &-I existing HTHW heating configuration (HTHW distribution and heat 
exchanger) with new conventional or high-efficiency boilers fueled by oil, natural gas, or LPG. Fuel 
switching alternatives are only considered when the fuel is available to the building set. Since FEDS uses a 
“fuel blind” approach to ERO analysis, choice of retrofit boiler fuel is based on life-cycle cost-effective- 
ness, which may not necessarily be the most practical or environmentally sound choice. This analysis 
assumes the building’s existing secondary-distribution loop will be used by the retrofit boilers. 

Assumptions 

Technical assumptions follow: 

FEDS calculates existing heat exchanger size, age, efficiency, and fuel consumption based on infonna- 
tion developed in the Level-2 input file for the building set. These calculated (default) values can be 
changed if the actual information is known. 

Retrofit boiler fuel availability, fuel consumption, efficiency, size, and installed cost are also determined 
based on infoimation developed in the Level-2 input file for the building set. 

Retrofit boiler efficiencies are given by the following equations: 

conventional gas boiler efficiency = 0.871-1.83x103*(E30iler Cap.) 
pulse-condensing gas boiler efficiency = 0.871-1.83~1O-~*(Boiler Cap.)+O.O8 
conventional LPG boiler efficiency = 0.871-1.83x10~3*(Boiler Cap.) 
pulse-condensing LPG boiler efficiency = 0.871-1.83~1O-~*(Boiler Cap.)+O.O8 
conventional oil boiler efficiency = 0.891-1.83x105*(Boiler Cap.) 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.1. 

2.1.2 Replace Existing LPG Boilers 

Description 

This ERO pertains to replacing existing boilers with a new conventional or high-efficiency boilers fueled 
by LPG. Fuel switching alternatives are only considered when the fuel is available to the building set. 
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Assumptions 

Technical assumptions follow: 

e FEDS calculates existing boiler size, age, efficiency, and fuel consumption based on information 
developed in the Level-2 input file for the building set. These calculated (default) values can be changed 
if the actual information is known. 

Retrofit boiler fuel availability, fuel consumption, size, and installed cost are also determined based on 
information developed in the input file for the building set. 

Retrofit boiler efficiencies are given by the following equations: 

conventional gas boiler efficiency = 0.871-1.835*(Boiler Cap.) 
pulse-condensing gas boiler efficiency = 0.871-1.83-3*(Boiler Cap.)+O.OS 
conventional LPG boiler efficiency = 0.871-1.83-3*(Boiler Cap.) 
pulse-condensing LPG boiler efficiency = 0.871-1 .83-3*(Boiler Cap.)+O.O8 
conventional oil boiler efficiency = 0.891-1.83”*(Boiler Cap.) 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.1. 

2.1.3 Retrofit Existing Boilers with Automatic Electric Vent Dampers 

Description 

Installing automatic electric vent dampers will reduce standby losses in a boiler and therefore improve 
efficiency. When the burner is off, the damper closes to minimize heat loss through the stack. This ERO 
is typically considered for boilers of all capacities. 

Assumptions 

Technical assumptions follow: 

Automatic electric vent damper installed cost and resulting boiler efficiency increase are to be 
determined by FEDS based on age, size, and fuel type of the existing boiler as developed in the Level-2 
input file for the building set. These calculated (default) values can be changed if the actual information 
is known. 

The automatic damper will improve thermal efficiency by an average of 3 % over the existing case. 

ReSdtS I 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.1. 
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2.1.4 Retrofit Existing Boilers with Feedwater Economizers 

Description 

Feedwater economizers increase. boiler efficiency by transferring heat from the exiting combustion gases 
to the feedwater, via a heat exchanger. This ERO is considered for boilers between 3-80 MJ3tuh. 

Assumptions 

Technical assumptions follow: 

Feedwater economizer size, installed cost, and resulting boiler efficiency is determined by FEDS based 
on age, size, and fuel type of the existing boiler as developed in the Level-2 input file for the building 
set. 

Results 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.1. 

2.1.5 Replace Existing LPG Furnaces 

Description 

This ERO pertains to replacing existing LPG furnaces with new conventional or high-efficiency furnaces 
fueled by LPG. Fuel switching alternatives are only considered when the fuel is available to the building 
set. 

Assumptions 

Technical assumptions follow: 

FEDS calculates existing furnace size, age, efficiency, and fuel consumption based on information 
developed in the Level-2 input file for the building set. These calculated (default) values can be changed 
if the actual information is known. , 

Retrofit furnace fuel availability, fuel consumption, size, and installed cost are also determined based on 
information developed in the Level-2 input file for the building set. 

Retrofit furnace efficiencies are as follows: 

conventional gas furnace - 78.0% 

conventional electric furnace - 98.0% 
high-efficiency gas furnace - 93.0% 
high-efficiency LPG furnace - 93.0% 

conventional oil furnace - 78.0% 

ReSults 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.1. 
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Table 2.1. Boiler and Furnace EROs 

ADMINISTRATION.03a 
BARRACKS03 
BARRACKS04 
CHAPEL-02 
CLUBS.03 
EXCHANGE FACILITIES-03 
HOSPITAL 
MWR-04 
MWR-06 
MWR-07 

RECREATION44 
RECREATION-02 

TOTALS: 

t3 
o\ 

Propane Conv Bder 
Propane Conv Boler 
Hol Waler Fan C d  
Propane Conv Boler 
Propane Conv Eder 
Propane Conv8der 
Propane ConvBoler 
Propane Conv Wer 
Propane Conv Boler 
Propane ConvBoler 
Propane Conveder 
Propane ConvBoler 

Add Aulomak Elecbic Damper 
Add AulomakElecbic Damper 
New Convenbnd Infhidual LMg. LPG Boler 
Add Aulomak Elecbic Damper 
Add Aulomak flecbic Damper 
Add Aulomak Elecbic Damper 
Add Aulomak Elecbic Damper 
Add Aulomak Oecbic Damper 
Add Aulomak Elecbic Damper 
Add Aulomak Eecbic Damper 
Add Aulomak Elecb-k Damper 
Add AulomakElecbie Damper 

1 
2 
3 
1 
1 
1 
1 
2 
1 
1 
2 
1 
17 

0.82 
0.77 
1.00 
0.78 
0.86 
0 85 
0.77 
0.80 
0.84 
0 84 
0.77 
0.85 

0.85 Propane 
080 Propane 
0.67 Gen.HolWb 
0.81 Propane 
0.89 Propane 
0.87 Propane 
0.79 Propane 
0.83 Propane 
0.87 Propane 
0.87 Propane 
0.80 Propane 
0.88 PrODane 

Propane . 2 
Propane 17 
Propane -132 
Propane 7 
Propane 1 
Propane 4 

Propane 7 
Propane 3 

Propane 6 

Propane 6 
Propane 6 
Propane 3 

-70 

0 76 229 
0 192 . 916 
0 11,149 40,539 
0 144 488 
0 113 143 
0 171 461 

258 346 0 
0 304 602 
0 105 308 
0 130 659 
0 244 330 

0 13,016 45,366 
0 - 130 345 

13 153 3.0 
93 724 4.8 

3,613 29.390 3.6 
41 345 3.4 
8 30 13  

27 289 2.7 
31 89 1.3 
41 298 20 
18 204 29 
38 529 5.1 
33 86 1.4 

3,976 32,352 35  
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2.2 Manual HVAC EROs . 

There are a number of additional W A C  EROs that are not currently handled by FEDS Level-2. The. 
options analyzed at Fort Irwin are presented in this section. The first involves replacing propane-fired unit 
heaters with radiant heat. The second covers replacement of standard manual' thermostats with program- 
mable models in order to implement night setback. The third ERO is a comparison of all of the various 
options for the family housing HVAC systems. While some of these options are analyzed by Level-2, all 
of the possibilities are shown to provide a common existing condition. The last two EROs discuss duct. 
insulation and the liquid pressure amplification device. 

2.2.1 Replace Conventional Heaters with LPG-Fired Infrared Heaters 

Description 

This ERO covers the replacement of existing unit heaters with LPG-fired radiant heat in maintenance 
shops, motorpools, and hangars. Currently these buildings are heated by large numbers of unit heaters 
which heat up the large volumes of air that these buildings enclose. Many of these buildings have large 
doors which are occasionally opened to bring idtake out-vehicles. When this happens, much of the warm 
air in the building is lost, and the heating system must run continuously to reheat the space. Also, none of 
these buildings is particularly well insulated, so there is a significant infiltration component in the heating 
load in addition to that from opening the doors. 

Radiant heat works by heating up objects in the space rather than the air. This removes the infiltration 
load from the heating equipment and greatly reduces energy consumption. In the large open areas in these 
buildings, the floor slab is used as thermal storage, which evens out the heating and allows the radiant heat- 
ers to run less often. Several buildings at Fort Irwin have radiant heat installed for occupant comfort and 
are operating satisfactorily. 

Assumptions 

Technical assumptions are as follows: 

This ERO applies to 4 HANGAR buildings, 29 MTRPOOL buildings, and 9 other SHOP buildings. 

The existing heating systems are based on unit heaters. Equipment size is based on heating energy use 
intensities (EUIs) from Volume 2 of this report. Buildings with boilers are assumed to have a hot water 
loop, with hydronic unit heaters in the open bay areas. 

Assumed unit heater run-hours are calculated from the EUIs and the estimated capacity and number of 
unit heaters in each building. 

( 

The existing unit heaters are assumed to be 75% efficient including those served by a boiler, where the 
combined heating plant, distribution system and unit heater are assumed 75% efficient. 

Radiant heaters are assumed to be 90% efficient and use 30% less energy due to infiltration savings as 
discussed above. Fan power is reduced by 85% since there is no need to push the large volumes of air 
through the unit heaters. This assumes that the new radiant heaters are direct vented to the outside and 
that there is sufficient infiltration (through leakage or open doors) to provide for fresh air requirements 
in the buildings. 
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According to radiant heater manufacturers, a 15% reduction in equipment size compared to forced air 
systems is standard practice due to differences in heating technology and delivery methods. For this 
analysis, standard sized unit heaters were assumed; size multiplied by number of heaters gives a total 
heating capacity. This number was reduced by 15% for the size of the radiant heaters. It is assumed 
that a combination of radiant heat components can give any required heating capacity within 1 KBtuh. 

There are no restrictions on the use of radiant heaters in these buildings. This issue will have to be 
studied concerning the use of flammable materials for cleaning, degreasing, etc. 

Almost identical performance can be achieved through the use of propane or natural gas. For at least 
one manufacturer, the only difference is the size of the burner orifice, which can easily be changed if 
natural gas becomes available in the future. 

Cost assumptions are as follows: 

Radiant heaters cost an average $2,000/100 KBtuh installed. Actual costs will vary with the building 
configuration, ceiling height, etc. 

Costs for existing unit heaters are taken from Means (1992~) and are shown in the following table: 

Size, 
KBtuh Materials, 1992 $ Labor, 1992 $ 

30 
60 
75 

100 

390 
450 
490 
575 

50 
50 
50 
60 

The complete quantitative results of this ERO appear in Table 2.2. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial installed cost of all cost-effective, replace-immediately implementa- 
tions of this ERO is $231,990. There are two replace on failure options with a total cost of $3,212. There 
is no effect on the maintenance budget due to this ERO. 

Energy and Cost Savings. It is estimated that all cost-effective, replace-immediately implementations 
of this ERO will result in an annual energy savings of 3,492 MBtu of LPG and 348,877 kwh of electricity, 
for an annualized cost savings of $38,185; demand savings of 727 kW-months, for an annualized cost 
savings of $2,321 and a NPV of $485,059. 
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It is estimated that all cost-effective replace on failure implementatioh of this ERO will result in an 
annual energy savings of 20 MBtu of LPG and 3,050 kwh of electricity, for an annualized cost-savings of 
$167 and demand savings of 15 kW-months, for an annualized cost savings of $29 and an NPV of $2,885. 

Operations and Maintenance. The radiant heaters will require no more maintenance than the existing 
unit heaters. Since there are already radiant heaters in use, it is assumed that the maintenance staff are 
trained in their operation and maintenance. 

2.2.2 Effect Night Setback 

Description 

This ERO involves replacement of existing manual thermostats with programmable electronic models. 
The electronic thermostat will be able to automatically reset temperature setpoints for both heating and 
cooling during occupant selected unoccupied periods. This usually includes weeknights and all day on 
weekends. ’ The thermostat should also have a (timed) manual override for those periods when the building 
is used off-hours. Most electronic models also have optimum stadstop capability, where the thermostat 
“learns” when to start and stop the HVAC system to warin-up/cool-down the space at the beginning and 
end of each day with a minimum of wasted energy. 

PNL was asked by the installation energy manager to evaluate another type of setback thermostat that 
uses the space lighting to determine the setback condition. The light-sensitive thermostat has a built-in 
photocell which monitors whether the lights .are on or off. When the lights are off, the thermostat is in 
setback operation. The thermostat is available with built-in preset maximum heating temperature (usually 
75°F) and minimum cooling temperature (usually 70°F) and a 10 or 15°F setbackketup. This allows some 
occupant control without allowing excessive heating or cooling of the space. According to manufacturers 
literature, this technology has been used successfully ii retail sales applications where the lights are always 
on during business hours and usually off during non-business hours. 

While the light-sensitive thermostat seems like as good a choice as a fully programmable thermostat at 
first glance, there’are several disadvantages: 

The lights must be on at all‘times during the occupied period, Turning on lights to operate a thermostat 
is wasteful and inefficient. Of course, in some buildings/spaces there is sufficient daylight so that lights 
may not be required. 

The lights must be off during the unoccupied period. Some lights are e o s t  always left on in com- 
mercial buildings, usually in common areas and hallways. Unfortunately, this is also a likely place for 
the thermostat. 

The light-sensitive thermostat has only a limited warm-up/cool-down option, limited to allowing the 
HVAC system to come on a fsed number of hours after setback is initiated even if the lights are off. If 
the lights are left on later than usual the night before, there will be no morning warm-upkool-down. 

The light-sensitive thermostat costs about $100 more than a high quality programmable electronic 
thermostat. 
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For these reasons, the light-sensitive thermostat was not included in the analysis. However, this type of 
control should be kept in mind when doing a more detailed assessment before implementation of the night 
setback ERO. There are undoubtedly certain areas/appiications where this technology may be more practi- 
cal than a programmable thermostat. 

There are valid concerns regarding night setback when discussing the energy used to "warm-up" or 
"cooldown" a building after a setback period. It has been said that more energy is used during this time 
than if the building were left at a constant temperature. This is an issue mainly in buildings with large 
thermal mass, where large quantities of heat or cool are stored in walls or floors. Most of the buildings at 
Fort Irwin are relatively lightweight and therefore pick-up loads should not be an issue. 

It is often difficult to program and maintain electronic thermostats in areas where occupants have access 
to them. It is recommended that new thermostats be purchased with locking covers to prevent tampering 
with the setback program. However, access should be allowed to an override button and buttons for con- 
trol of space temperature (within a fixed range) during occupied periods. Previous implementations of 
night setback thermostats and other W A C  controls have shown that occupants must be given some amount 
of control over their environment for the system to be successful. 

Assumptions 

The technical assumptions are as follows: 

The following building types are considered for night setback ADMIN, CHAPEL, CLINIC, 
COMCATN, DGR, MTRPOOL, SHOP-ELC, TRAJNG. Modular trailer-type ADMIN spaces are not 
covered here, but under another ERO section. 

Since it is almost impossible to determine the existing conditions in every building, a penetration rate 
was assumed to cover buildings that may already have night setback, have irregular occupancy patterns, 
or where the W A C  system was not compatible with night setback controls. With the exception of 
MTRPOOL, it was assumed that 75% of the buildings could be retrofitted with new thermostats and 
have night setback implemented. 25% of MTRPOOL buildings were assumed to be retrofitable. (It is 
assumed that many MTRPOOL facilities are not heated,. or only heated to minimal operating 
conditions.) 

Existing energy use for heating, cooling and fans was calculated from the EUIs developed in Volume 2 
of this report. 

Energy savings were calculated using DOE2. Id. A sample building was modeled using constant 
thermostat setpoints of 70" F for heating and 78°F for cooling, then rerun with the following setpoint 
schedule: 

Weekdays : 
12 am - 7 am 55°F heating, 99°F cooling 
7 am - 5 pm 70°F heating, 78°F cooling 
5 pm - 12 am 55°F heating, 99°F cooling 

12 am - 12 am 55°F heating, 99°F cooling. 
Weekends: 
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This resulted in a savings of 55 % for heating, 28 % for cooling and 70 % for fans. These numbers 
appear reasonable given the following: at Fort Irwin most heating is at night, and weekends comprise 
about 28% of the week. 

HVAC electric energy use was broken down into the utility billing structure blocks using bin weather 
data for China Lake, CA (the closest site where such data was available). Heating was assumed during 
all hours when outdoor air temperature (OAT) was 61°F or less. Cooling was assumed for all hours 
when OAT was 76°F or higher.. The total kwh was then apportioned based on the percentage of hours 
in each rate block. 

There are an average of two thermostats per building. 

The cost assumptions are as follows: 

Each programmable thermostat costs $120 for material and $26 for installation. Material prices are 
from manufacturers catalogs and labor is from Means. Prices have been modified for the Los Angeles 
area from Means: 97.7% for materials, 128% for labor. Installed cost also includes 15% contractor 
overhead and profit, for a total material cost of $135 and a total labor cost of $38 per thermostat. 

The complete quantitative results of this ERO appear in Table 2.3. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial cost of this ERO is $39,120 for all cost-effective implementations. 

Energy and Cost Sayings. It is estimated that all cost-effective implementations of this ERO will result 
in annual energy savings of 669,582 kwh and 11,641-MBtu at a value of $108,867, and electric demand 
savings of 272 kW-months at a value of $730. The total NPV for this ERO is $1,830,927. 

2.2.3 Residential HVAC EROs 

Description 

Residential HVAC EROs comprise a number of options to replace the existing propane furnaces and 
central air conditioners in the family housing units. There are 1,637 family housing units, all with 
basically the same HVAC system. There are five replacement options, four are analyzed with a minimum 
compliance alternative and a maximum efficiency alternative. The options include air-source heat pump, 
ground-source heat pump, LPG furnace and central air, natural gas furnace and central air, and gas-fired 
heat pump (still under development but included for comparison. purposes). 

Although natural gas is not presently available at Fort Irwin, W A C  options are included to compare the 
operating cost of natural gas and propane. The natural gas rate used in the analysis is an estimate based on 
conversations with base personnel and representatives of possible natural gas providers. 

This ERO was done manually because the Level-:! software cannot yet fully analyze EROs involving 
heat pumps (either air or ground source). 'The Level-:! software will analyze high efficiency air 
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conditioners and furnaces, but will take interactive effects into consideration. In order to maintain equal 
standing among all of the W A C  options, all options were analyzed manually, using only the savings from 
the individual pieces of equipment. 

Assumptions 

The technical assumptions are as follows: 

The existing LPG furnaces have an average size of 50 KBtuh (input) and efficiency of 70.5% AFUE. 
The existing air conditioners have an average size of 2.5 tons and efficiency of 8.0 SEER. 

The replacement efficiencies are as follows: 

Replacement Equipment Cooling Eff. Heating Eff. 
Min. Compliance Air Source Heat Pump 10.0 SEER 7.0 HSPF 
High Eff. Air Source Heat Pump 
Avg. Eff. Ground Source Heat Pump 
High Eff. Ground Source Heat Pump 
Min. Compliance Furnace and A/C 
High Eff. Furnace and A/C 
Gas Fired Heat Pump 

15.4 SEER 
13.3 EER 
16.0 EER 
10.0 SEER 
15.7 SEER 

1.1 COP 

8.3 HSPF 
2.8 COP 
3.5 COP 

78.0% AFUE 
92.6% AFUE 

1.3 COP 

Efficiencies for the LPG and natural gas furnace and central air conditioner options are assumed to be 
the same; the only difference for these two options is the price of fuel. 

Additional notes on ground-source heat pumps: 1) There are no efficiency standards for ground-source 
heat pumps, so an average efficiency unit was chosen to represent the minimum compliance case, 
2) Since the ground temperature remains fairly constant, the. given efficiencies are assumed to represent 
seasonal values (EER = SEER). 

Existing energy consumption was calculated using the EUIs developed in Volume 2 of this report: 
2.91 kWh/ft*-yr for cooling, and 26.37 kBtu/ft*-yr for heating. Given an average house size of 
1,800 ft2, the energy consumption is 5,238 kWh for cooling and 47.5 MBtu for heating per unit. 

Retrofit energy consumption is based on the actual equipment size and estimated run hours of each 
replacement unit to meet. the same load as the existing equipment. The replacement equipment sizes are 
different from the existing equipment size in almost all’cases since actual equipment was chosen for the 
retrofit options. Equipment sizes are given in the following table: 
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Cooling Cap. Heating Cap. 
Replacement Equipment (KBtw (KBW 
Min. Compliance Air Source Heat Pump 28.2 27.4 
High Eff. Air Source Heat Pump . 29.0 . 29.0 
Avg. Eff. Ground Source Heat Pump 30.2 20.8 

Min. Compliance Furnace and A/C 28.6 40.0 
High Eff, Furnace and A/C 30.8 37.0 

High Eff. Ground Source Heat Pump 31.2 21.2 

Gas Fired Heat Pump 36.0 53.5 

Operating hours for the existing equipment are based on the EUIs and equipment capacities as described 
above. Operating hours for the retrofit equipment are calculated from the existing equipment hours 
modified by the replacement equipment efficiencies and capacities. Operating hours for cooling and 
heating for each electric utility rate period are given in the following tables: 

Cooling Operating Hours: 

Equipment Description 
Existing Furnace and A/C 
Min. Comp. Air Source HP 
High Eff. Air Source HP 
Avg. Eff. Ground Source HP 
High Eff. Ground Source HP 
Min. Comp. Furnace and A/C 
High Eff. Furnace and A/C 
Gas Fired Heat Pump 

Summer Winter 
On-Peak Mid-Peak Off-peak Mid-Peak Off-peak 
226 324 503 228 116 
241 345 535 242 123 
234 335 520 236 119 
225 322 499 226 115 
218 3 12 483 219 111 
238 340 527 239 121 
221 316 490 222 112 
189 270 419 190 96 
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Heating Operating Hours: 

Equipment Description 
Existing Furnace and A/C 
Min. Comp. Air Source HP 
High Eff. Air Source HP 
Avg. Eff. Ground Source HP 
High Eff. Ground Source HP 
Min. Comp. Furnace and A/C 
High Eff. Furnace and A/C 
Gas Fired Heat Pump 

The cost assumptions are as follows: 

Summer Winter 
On-Peak Mid-Peak Off-peak Mid-Peak Off-peak 
. o  0 23 260 609 

0 Q 32 356 833 
0 0 30 336 788 
0 0 42 470 1098 
0 0 41 460 1078 
0 0 22 244 571 
0 0 23 264 617 
0 0 16 182 427 

The replacement equipment installed costs are as follows: 

Replacement Equipment 
Min. Compliance Air Source Heat Pump 
High Eff. Air Source Heat Pump 
Avg. Eff. Ground Source Heat Pump 
High ,Eff. Ground Source Heat Pump 
Min. Compliance Furnace and A/C 
High Eff. Furnace and A/C 
Gas Fired Heat Pump 

Material 
(1994 $1 
$2,180 
$5,175 
$3,000 
$3,770 
$1,483 
$4,725 
$5,000 

Labor (1994 $) 

$559 
$559 
$559 
$559 
$468 
$468 
$750 

Material costs are from manufacturer’s catalogs and sales representatives. Labor costs are from Means. 
All costs include 15% overhead and profit. Material and labor costs for the ground source heat pump 
excavation and piping are included in the material cost column above. 

Operations and maintenance costs are as follows: $75/yr for all air and ground source heat pump 
options, $85/yr for all furnace and air conditioner options (including the existing), and $105/yr for the 
gas-fired heat pump option. 

The cost of natural gas (for the gas fired heat pump) is assumed to be $3.50/MBtu. While natural gas is 
not currently available at Fort Irwin (it is unknown if the unit can be converted to LPG), the gas fired 
heat pump is included for comparision purposes. 
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The complete quantitative results of this ERO appear in Table 2.4. The table contains specific energy; 
cost, and economic performance data. The "boxed" row in the economic parameters section of the table 
marks the winning ERO (the ERO with the highest NPV). 

The gas-fired heat pump was not chosen as the winning ERO (even though it has the highest NPV) 
since gas is not currently available at Fort Irwin. If some time elapses before implementation of the resi- 
dential W A C  ERO, and gas is brought to the site for other uses, the gas-fired heat pump may deserve 
further study. 

Budget Implications. The initial cost of this ERO is $71086,917 for the most cost-effective 
implementation. 

Energy and Cost Savings. It is estimated that the most cost-effective implementation of this ERO'will 
result in increased annual electric energy consumption of 299,851 kwh, but an annual propane savings of 
77,702 MBtu, for a total annualized energy cost savings of $479,316, and electric demand savings of 
15,226 kW-months, at an annualized value of $234,468. 

Operations and Maintenance. The gas-fired heat pump is the only option that would require signifi- ' 

cant additional maintenance; the oil, oil filter and spark plug must be replaced yearly at an estimated cost 
(materials and labor) of $105 per unit. Replacing the furnace and air conditioner with a heat pump should 
result in minor O&M savings of approximately $16,370 per year. 

2.2.4 Duct Insulation (discussion only) 

Twenty-nine buildings were identified at Fort Irwin that have extensive outside ductwork that delivers 
cooled air from evaporative coolers to the building interiors. These buildings are all classified as "T" 
buildings, indicating that they were originally constructed as temporary structures. These buildings are 
generally used as offices with some storage areas and are all small, averaging 2,712 square feet. There is 
no wall or ceiling insulation in these buildings and there is no thermostatic control for the evaporative 
cooling units. 

Measurements were taken on the ductwork of six buildings that were representative of the ductwork on 
the remaining twenty-three buildings. A total of 18,472 square feet of exterior'ductwork is attached to 
these six buildings. Cost of materials to insulate the ductwork was determined to be $1.74 per square foot. 
Labor charges are estimated to be $2.82 per square foot. Total installation, including materials and labor, 
is expected to be $4.56 per square foot of ductwork. Total cost to insulate the outside duct on the six 
buildings was calculated to be $84,233. 

The total cooling energy consumption was calculated to be less than $2,000 per year for these six 
buildings. Even if a savings of 50% could be achieved, the total payback would exceed 84 years. 
Therefore, we do not believe this to be a cost-effective ERO. . .  
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2.2.5 Install Liquid Pressure Amplification Device (discussion only) 

Liquid pressure amplification (LPA) is a mechanical means of increasing the operating efficiency of 
vapor-compression refrigeration and air conditioning systems. This efficiency increase results from the 
installation of a pump designed to increase the refrigerant pressure while reducing the work required of the 
compressor and thus saving energy. 

Most vapor-compression refrigeration and air conditioning systems have the following components: a 
receiver, an expansion valve, an evaporator, a compressor, and a condenser. Typically, these components 
are designed and sized to meet the required load on the hottest days of the year (the design-day). This is 
true of the condenser which is designed to operate at condenser pressures required to achieve refrigerant 
condensation on the hottest days of the year. These elevated pressures, required only for those hot days, 
result in wasted energy during cooler weather when the system is needlessly operating at these higher pres- 
sures. One way to reduce energy consumption is to allow the condenser pressure to vary or "float" with 
the ambient temperature. Floating the condenser pressure allows the compressor to maintain pressures 
necessary for condensation on a given day instead of the higher design-day pressure conditions. While this 
s e e k  like a simple solution, the drawback to lowering the condenser pressure is the formation of gas in 
the liquid refrigerant prior to the expansion valve. This gas, called flash-gas, reduces the system operating 
efficiency by displacing liquid refrigerant while doing no work itself. To reduce flash-gas formation while 
allowing the condenser pressure to float, the LPA pump is installed in between the condenser and the 
expansion valve. With the LPA pump installed in the liquid-line, flash-gas formation is minimized allow- 
ing condenser pressure to float, thus reducing compressor energy consumption. 

Annual energy savings resulting from LPA are a direct function of annual weather conditions. The 
greater the number of hours per year the system can operate at a lowered condenser pressure, the greater 
the annual energy savings. Applications of LPA systems in climates having moderate average temperatures 
with relatively short high-temperature peaks are more attractive than applications in climates having warm, 
relatively constant, average temperatures. The manufacturer, Hy-Save Inc. , reports estimated annual 
saving as high as 57%, while a number of independent case studies estimate the savings to be between 10% 
and 25 % , depending on application. Savings discrepancies aside, cost-effective energy savings are possible 
with proper system selection and LPA application. To properly characterize this ERO, further in-depth 
study is required on an individual equipment basis. The high-level nature of this analysis precluded the 
collection of the detailed data required for life-cycle costing purposes. 
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Table 2.2. Infrared Radiant Heat EROs 

Operating Hours Eledric (fan) Number of 

Bldg. Type/ Equipment Eff. Units Capacity Mid Peak Off Peak Consumption Mid Peak Off Peak Contrib. to 
Unit #of A v g S e d  Winter LPG (heat) Consumption Months 

ID Number Type (%I ( W h r )  (Hours) (Hours) (MBtuf'yr) (kwh) (kwh) Peak 

Sum 
Coinadent 

Demand 
(kW-mo) 

1 HANGAR106203 
2 HANGARBDO07 
3 HANGARBD008 
4 HANGARBDOOS 
5 MTRPOOV00879 
6 MTRPOOV00873 
7 MTRPOOV00681 
8 MTRPOOV00680 
9 MTRPOOV00642 

10 MTRPOOV00626 
11 MTRPOOU00623 
12 MTRPOOV00621 
13 MTRPOOV00614 
14 MTRPOOLKX)620 
15 MTRPOOV00605 
16 MTRPOOV00850 
17 MTRPOOV00840 
18 MTRPOOV00608 
19 MTRPOOL100650 
20 MTRPOOV00612 
21 MTRPOOV00945 
22 MTRPOOV00830 
23 MTRPOOV00847 
24 MTRPOOV00639 
25 MTRPOOL100646 
26 MTRPOOV00832 
27 MTRPOOV00893 
28 MTRPOOV00892 
29 MTRPOOV00941 
30 MTRPOOV00825 
31 MTRPOOV00694 
32 MTRPOOV00837 
33 MTRPOOV00835 
34 SHOPrZ0018 
35 SHOP100367 
36 SHOP100357 
37 SHOP100384 
38 SHOP-AIRIBD006 
39 SHOP-HVY/BD005 
40 SHOPMDSDT 
41 SHOPDO501 
42 SHOPMDSDS 

Unit Heaters 
Unit Heaters 
Unit Healers 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Healers 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters ' 

Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Healers 
Unit Healers 
Unit Healers 
Unit Healers 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 
Unit Heaters 

75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 
75% 

9 
16 
12 
16 
13 
I1 
9 
9 
6 
1 
I 
4 
6 
3 
4 
3 
6 
6 
5 
4 
2 
3 
4 
2 
2 
2 .  
4 
8 
5 
6 

12 
4 
7 
1 
4 
1 
I 
3 .  
5 

15 
1 

15 

25,000 282 
45,000 278 
45,000 285 
45,000 278 
98,000 21 1 
98,000 245 
47,200 336 
47,200 298 
75,000 43 

100,000 183 
100,000 183 
45,000 132 
45,000 586 
60.000 I32 
45,000 135 
60,000 1 32 
60,000 471 
25,000 112 

.25,000 190 
25,000 434 
45,000 203 
45.000. 263 
45,000 370 
45,000 264 
x000 304 
45,000 324 
45,000 143 
45,000 131 
30,000 128 
45,000 I41 
45,000 133 
45,000 121 
45,000 140 
47,200 52 
25,000 50 
30.000 23 
25,000 47 
30,000 61 
30,000 59 
75,000 31 . 
45,000 51 
45,000 36 

659 
651 
668 
651 
494 
573 
786 
698 
100 
428 
428 
309 

1,374 
309 
31 7 
309 

1,103 
261 
445 

1,015 
475 
849 
a66 
61 9 
71 3 
759 
334 
306 
300 
330 
31 2 
285 
329 
121 
116 
54 

111 
143 
137 
73 

121 
85 

21 2 
669 
51 4 
669 
898 
882 
477 
423, 
64 
61 
61 
79 

529 
79 
81 
79 

567 
56 
79 

145 
61 ' 

164 
222 
79 
61 
97 
86 
I57 
64 

127 
240 
73 

148 
8 

17 ' 
2 
4 

18 
29 

I18 
8 

82 

1,781 
5.630 
4,328 
5.630 
9,939 
9,762 
5,278 
4,684 

71 1 
676 
676 
880 

880 
901 
880 

6,275 
61 9 
880 

1,604 
676 

1,811 
2,463 

880 
676 

1,079 
950 

1,742 
71 1 

1,407 
2,660 
809 

1,636 
1,301 
2652 

372 
634 
41 3 
661 

18,853 
1,239 

13,092 

5,m ' 

4,172 
13.1 86 
10,137 
13,186 
23,280 
22866 
12,362 
10,972 
1,665 
1,582 
1.582 
2,m 

13.727 
2,060 
2,110 
2.060 

14.698 
1,451 
2,060 
3,758 
1,582 
4,243 
5.769 
2,060 
1,582 
2,527 
2,225 
4,080 
1,665 
3,297 
6,231 
1,896 
3,832 
3,046 
6,213 

870 
1,485 

967 
1,547 

44,161 
2,901 
30,666 

3 
3 
3 
3 
2 
2 
3 
3 
0 
2 
2 
I 
6 
1 
1 
I 
5 
1 
2 
4 
2 
4 
4 
3 
3 
3 
I 
1 .  
1 
1 
1 

1 
1 
0 
0 
0 
1 
I 
0 
1 
0 

i 

19 
61 
46 
61 
94 
80 
47 
47 
0 
7 
7 
7 

60 
7 
7 
7 

67 
6 
9 

15 
7 
20 
27 
10 
7 

10 
7 

13 
6 

10 
20 
7 

12 
25 
0 
0 
0 
7 

11 
0 

24 
0 
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Table 2.2. (contd) 

Total Operating Hours Eledric (fan) 
Fuel Unit #of Installed Winler LPG (heal) Consumption 

ID Desaiption Type Eff. Units Capadty Mid Peak Off Peak Consumption Mid Peak Off Peak 
("m) (Bluhr) (Hours) (Hours) (MBtu/yr) (kwh) (kWh) 

Number of Sum 
Monlhs Coinadenl 

Conlni. lo Demand 
Peak (kW-mo) 

1 Radiant Heal 
2 RadianlHeal 
3 RadianlHeal 
4 RadianlHeal 
5 Radiant Heat 
6 RadianlHeal 
7 RadianlHeat 
8 RadianlHeat 
9 RadianlHeal 

10 RadianlHeal 
11 Radiant Heat 
12 RadianlHeat 
13 Radiant Heat 
14 Radiant Heal 
15 RadiantHeal 
16 RadiantHeat 
17 Radiant Heal 
18 Radiant Heal 
19 RadianlHeal 
20 Radiant Heal 
21 Radiant Heat 
22 Radiant Heat 
23 Radiant Heal 
24 RadiantHeal 
25 Radiant Heal 
26 Radiant Heal 
27 RadiantHeal 
28 RadianlHeal 
29 RadianlHeal 
30 RadianlHeal 
31 Radiant Heal 
32 RadianlHeal 
33 RadianlHeat 
34 RadianlHeal 
35 RadiantHeal 
36 Radiant Heal 
37 RadiantHeal 
38 RadianlHeal 
39 RadianlHeal 
40 Radiant Heal 
41 RadiantHeal 
42 RadiantHeal 

LPG W? 1 
LPG W? 1 
LPG Wh 1 
LPG W?  1 
LPG W? 1 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG Wh 1 
LPG 9056 1 
LPG Wh 1 
LPG W? 1 
LPG W? 1 
LPG W?  1 
LPG W? 1 
LPG W? 1 
LPG Wh 1 
LPG W? 1 
LPG W? 1 
LPG W? I 
LPG W?  1 
LPG W? 1 
LPG 90% 1 
LPG W?  1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 
LPG Wh 1 
LPG W? 1 
LPG W? 1 
LPG W? 1 

191,000 
61 2,oOp 
459,000 
61 2,000 

I ,083,000 
916,000 
361 ,000 
361 ,000 
w 0 0 0  
85,000 
85,000 

153,000 
230,000 
153,000 
153,000 
153.000 
306.000 
128.000 
106,000 
85,000 
77.000 

115,000 
153.000 
77,000 
51,000 
77,000 

153,000 
306,000 
128.ooO 
230,000 
459.000 
153,000 
2a000 
40,000 
85,000 
26,000 
21 ,000 
n,000 

128.000 
956,000 
38,000 

574.000 

193 453 124 267 626 3 
191 447 390 844 1.978 3 
196 458 300 649 1,521 3 
191 447 390 844 1,978 3 
145 339 524 1,491 3,492 2 
168 393 514 1,464 3.430 2 
230 540 278 792 1,854 3 
205 479 247 703 1,646 3 
2 9 6 9  37 107 250 0 

125 293 36 101 237 2 
125 293 36 101 237 2 
91 212 46 132 309 1 

402 941 309 879 2.059 6 
91 212 46 132 309 1 
93 217 47 135 316 I 
91 212 46 132 309 1 

323 757 331 941 2,205 5 
76 179 33 93 218 1 

131 306 ' 46 132 309 2 
298 697 85 241 564 4 
138 324 36 101 237 2 
248 582 95 272 626 4 
2 5 4 5 9 4  130 3 6 9 8 6 5 4  
180 422 46 132 309 3 
209 489 36 101 237 3 
221 517 .57 162 379 3 
9 8 2 2 9  50 142 334 1 
90 210 92 261 612 1 
8 8 2 0 5  37 107 250 1 
9 6 2 2 6  74 211 494 1 
91 214 140 3 9 9 9 3 5 1  
83 195 43 121 284 1 
9 6 2 2 5  86 245 575 1 
3 5 8 3  5 195 457 1 
3 4 8 0  10 398 932 0 
16 37 1 56 131 0 

42 97 11 62 145 1 
4 0 9 4  17 99 232 1 
2 2 5 0  69 2828 6,624 0 
3 6 8 3  5 186 435 1 
2 5 5 8  48 1.964 4,600 0 

3 3 j l  . 2  9 5 2 2 3 0  

3 
9 
7 
9 

14 
12 
7 
7 

' 0  
1 
1 
1 
9 
1 
1 
1 

10 
1 
1 
2 
1 
3 
4 
1 
1 
1 
1 
2 
1 
1 
3 
1 
2 
4 
0 
0 
0 
1 
2 
0 
4 
0 
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. Table 2.2. (contd) 

Installed 
First Year Energy and Demand Savings 

LPG I Elednc I Demand I Energy I Demand I Total 

ID 

1 R I  
2 RI 
3 R I  
4 RI 
5 R I  
6 R I  
7 R I  
8 R I  

10 RI 
11 RI 
12 RI 
13 RI 
14 RI 
15 RI 
16 RI 
17 RI 
18 RI 
19 RI 
20RI  
21 RI 
22 RI 
23 RI 
24 RI 
25 RI 
26 RI 
27 RI 
28 RI 
29RI 
30RI 
31 RI 
32 RI 
33 RI 
3 4 R I  
35 RI 
36 RI 
37 RI 
38 ROF 
39 ROF 
40 RI 
41 RI 
42 RI 

Nor  Life Cost Savings Savings Savings Savings Savings Savings 
ROF (Years) (1994s)' (MBIu) (kWh) FW-rno) (1994s) (1994s) (1994s) 

Totals: 
RI: 

. ROF: 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

3,820 
12,240 
9,180 

12,240 
32,490 
27.480 
10,830 
10,830 
1,700 
1,700 
3,060 
4,600 
3,060 
3,060 
3,060 
6,120 
2,560 
2,120 
1.700 
1,540 
2,300 
3.060 
1,540 
1,020 
1,540 
3.060 
6,120 
2,560 
4,600 
9,180 
3,060 
5.360 
1.200 
1,700 

520 
420 

1,206 
2.005 

19,120 
760 

11,480 

231,990 
3,212 

88 5.060 
279 15,994 
214 12,295 
279 15,994 
374 28,236 
367 27,734 
199 14,994 
176 13,307 
25 1,919 
25 1,919 
33 9499 

221 16,650 
33 2,499 
34 2,559 
33 2,499 

236 17,827 
, 23 1,759 

33 2,499 
60 4,558 
25 1,919 
68 5,146 
93 6.997 
33 2,499 
25 1,919 
41 3.064 
36 2,699 
66 4,948 
27 2,019 
53 3,998 

100 7,557 
30 2,299 
62 4,648 
3 3,695 
7 7,535 
1 1.056 
2 1,801 
8 1,173 

12 1,877 
49 53,562 
3 3,519 

34 37,195 

3,492 348,877 
20 3,050 

16 
52 
39 
52 
80 
68 
40 
40 
6 
6 
6 

51 
6 
6 
6 

57 
5 
8 

13 
6 

17 
23 
8 
6 
8 
6 

11 
5 
8 

17 
6 

10 
21 
0 
0 
0 
6 

10 
0 
20 
0 

727 
15 

762 
2,407 
1,850 
2,407 
3,596 
3,532 
1,909 
1 ,695 

244 
244 

2,120 
318 
326 
31 8 

2,270 
224 
31 8 
580 
244 
655 
891 
31 8 
244 
390 
344 
630 
257 
509 
962 
rn 
592 
21 9 
446 
62 

1 07 
64 

103 
3,170 
x)8 
2m 

31 a 

38,185 
1 67 

52 
165 
124 
165 
256 
21 7 
120 
128 
20 
20 
10 

163 
10 
I B  
18 

181 
15 
25 
40 
10 
54 
72 
'27 

27 

36 
15 
27 
54 
18 
32 
69 
0 
0 
0 

11 
16 
0 

65 
0 

i o  

i o  

2,321 
29 

813 
2,572 
1,974 
2,572 
3,852 
3.748 
2,037 
1,m 

264 
264. 
336 
2283 

336 
344 
336 

2,451 
239 
343 
621 
262 
71 0 
963 
345 
262 
417 
36-2 
666 
272 
536 

1,017 
31 I 
624 
287 
446 
62 

107 
75 

121 
3.170 

274 
2m 

40,506 
1 97 

Life C d e  Cost XI 
13,882 4.63 
32,996 3.70 

32,996 3.70 
25.646 1.79 
30.142 210 
23,281 3.15 
19,582 281 
2,955 274 
2,955 274 
3,923 228 

36,498 8.93 
3,402 211 
4,055 233 
3,402 211 

37.429 7.12 
4,018 257 
5,849 3.76 

10,631 7.25 
3.572 3.32 

10.811 5.70 
14.722 5.81 
4,999 4.25 
4.245 5.16 
6,239 5.05 
3.407 211 
5,827 1.95 
3,984 256 
4,630 201 
9,037 1.98 

' 2,654 1.87 
4,797 1.89 
3,847 4.21 
7,624 5.48 

924 278 
1,828 5.35 
1,108 1.92 
1.778 1.89 

37,921 298 
3,926 6.17 
30,899 3.69 

25,525 3.78 

485,059 3.09 
2,885 1.90 
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Table 2.3. Night Setback EROs 

ID 

0 

Exisling Building Parameters Annual Energy Consumplion Sum Coincident Demand 
Tolal Pen. Number Summer Eleclric Winler Electric Summer Winter 

Bldg. Number Rate of Units ERO LPG On Peak Mid Peak Off Peak Mid Peak Off Peak On Peak Mid Peak Mid Peak 
Type of Bias (96) for ERO Sqft (MBlulyr) (kWh/yr) (kWh/yr) (kWh/yr) (kWh/yr) (kWh/yr) (kWmo) (kWmo) (kWmo) 

ERO Building Parameters Annual Energy Consumption 
Percent Percent Percent Summer Electric Winler Electric 

Replacement Savings Savings Savings LPG On Peak Mid Peak Of1 Peak Mid Peak Off Peak 
ID Equipmenl Cooling Heating VenVFans (MBluty~) ( kWh/yr) ( kwhlyr) (kWh/yr) (kWh/yr) ( kWh/yr) 

1 ADMIN 
2 CHAPEL 
3 CLINIC 
4 COMCATN 
5 DGR 
6 MTRPOOL 

8 TRAING 
7 SHOP-ELC 

Sum Coincident Demand 

On Peak Mid Peak Mid Peak 
(kWmo) (kWmo) (kWmo) 

Summer W i n k  

77 
4 
8 
8 

14 
30 
5 

22 

ID 

75% 
75% 
75% 
75% 
75% 
25% 
75% 
75% 

First Year Energy and Demand Savings Life Cycle Cost 
Installed Equip. LPG Eleclric Demand Energy Demand Total 

(19948) (Years) (MBlu) (kWh) (kWmo) (1994s) (19948) (19948) (19948) SIR 
COSl Life Savings Savings Savings Savings Savings Savings NPV 

58 313.594 
3 14,531 . 
6 15,843 
6 42,375 

11 59,438 
8 85.130 
4 9,123 

17 42,665 

14,869 
506 
957 

1,713 
824 

6,763 
42 

193 

56,476 
2,964 

13,882 
12.339 
11.556 
25,136 
2,085 

21.258 

82.137 
4,327 

19.992 
17.862 
16,846 
36,507 
3,028 
30.562 

141,454 
7,629 

32,362 
29,898 
29.448 
62,349 
5.173 

48,916 

117,423 145.027 
6,936 96.378 

19.775 98.184 
21,855 101,188 
25,927 105,236 
49,966 114,235 
4,149 94,765 

27.861 98.912 

432 
23 

106 
95 
88 

193 
16 

163 

108 
6 

27 
24 
22 
48 
4 

41 

65 
3 

16 
14 
13 
29 
2 

24 

1 Programmable TStat 
2 Programmable TStai 
3 Programmable TStat 
4 Programmable TStat 
5 Programmable TS!al 
6 Programmable TSlat 
7 Programmable TStat 
8 Programmable TStat 

28% 
28% 
28% 
28% 
28% 
28% 
28% 
28% 

55% 
55% 
55% 
55% 
55% 
55% 
55% 
55% 

70% 
70% 
70% 
70% 
70% 
70% 
70% 
70% 

0,178 23,519 
279 1.333 
526 4.626 
942 4.656 
453 5,054 

3,719 10,176 
23 845 

106 6,776 

34,580 
1,967 
6,708 
6,806 
7,450 

14,938 
1,240 
9,795 

63,462 
3,692 

11,349 
12,088 
13.874 
27,172 
2,256 

16,247 

66.090 
4,109 
8,721 

11,294 
15,096 
27,514 
2.286 

11,351 

1 
2 
3 
4 
5 
6 
7 
8 
Totals: 

20,079 
1,039 
2,077 
2,077 
3,808 
2,770 
1,385 
5,885 

15 
15 
15 
15 
15 
15 
15 
15 

6,691 261.537 
228 13.862 
431 62.681 
771 56.469 
371 53.851 

3,043 115.998 
19 9.623 
87 95.560 

101 54,223 
5 2,163 

28 6,634 
24 8,034 
20 5.573 
46 24.498 
4 742 

' 44 6.999 

271 54,494 
13 2,176 
76 6,711 
63 8,097 
54 5,627 

123 24,622 
i o  752 

119 7.118 

909,248 
35,968 

112.544 
136.424 
91.366 

419.976 
10,946 

114.454 

129,379 432 
5,986 23 

10,161 106 
15.048 95 
21,768 88 
38,309 193 

3,183 16 
12,156 163 

46.28 
35.63 
55.18 
66.68 
24.99 

152.64 
8.90 

20.45 . 

45 27 
3 2 
9 5 
9 5 

i o  6 
19 12 
2 '  1 

13 8 

39,120 11,641 669.582 272 108.867 730 109.598 1,830.927 47.80 



Table 2.4. Residential HVAC EROs 

Energy Demand 
Number Summer Winter summer Winter 

of OnPeak Mid-Peak OffPeak MidPeak OffPeak LPG On-Peak Mid-Peak MidPeak 
ID Cooling Source Efficiency Healing Source . Efficiency Units (kwhlyr) (kwhlyr) ( kwhlyr) ( k w )  (kwhlyr) (MBttJyr) 

1 DX Air Conditioner 

( kWmo) (kWmo) (kWmo) 

8.00 SEER LFGFurnace 

Energy Demand 
Number Summer Winter Summer Winler 

of On-Peak Mid-Peak Off-peak MidPeak O11Seak LPG On-Peak Mid-Peak Mid-Peak 

0.71 %AFUE 

ID Cooling Source , Efficiency Healing Source Efficiency 

1.637 1.390.045 j.989.202 3,086.326 1,398,034 711.000 

Units ( kWyr )  (kwhlyr) ( kWhlyr) (kWMyr) (kWMyr) (MBtQr) (kWmo) (kWmo) (kWmo) 

77.702 24.556 6.139 

RI Firs1 Existing Relrom Equip. First Year Energy and Demand Savings Life Cycle Cost 
U cost O&M O&M Life LPG Eleclric Demand Energy Demand Total N W  SIR 

3.683 

ID ROF (1993$) (Vyr) (Uyr) (vr) (MBlulyr) (kWh/yr) (kWmo) (slyr) (Vyr) (W) 

10.00 SEER 
15.40 SEER 
13.30 EER 
16.00 EER 
10.00 SEER , 
15.70 SEER 
10.00 SEER 
15.70 SEER 
1.10 COP 

Sld. EH. Air Src HP 
High Eff. Air Src HP 
Sld. EH. Grnd Src HP 
High Eff. Grnd Src HP 
Sld Eff. NG Furnace 
High Eff. NG Furnace 
Sld. Eff. LPG Furnace 
High Eff. LPG Furnace 
Gas Heal Pump 

7.00 HSPF 
8.30 HSPF 
2.80 COP 
3.50 COP 
0.78 %AFUE 
0.93 %AFUE 
0.78 %AWE 
0.93 %AFUE 
1.30 COP 

1,637 
* 1.637 

1,637 
1,637 
1.637 
1.637 
1.637 
1,637 
1,637 

1,112.036 1,591,362 2,671,789 3,399,120 5.911.065 0 18.465 4.616 4.616 
722.101 1,033,352 1,774,262 2,649.727 4,874,875 0 12.331 3,083 3,083 
836,117 1,196,513 2,004.977 2,512,004 4,341,990 0 14.868 3,717 3.717 

* 695,022 994,601 1,661,995 2,035.882 3,486,956 0 12.769 3,192 3.192 
1,112,036 1,591,362 2,469,060 1,118.427 568,800 70,231 18.727 4,682 4.682 

708,303 1,013,606 1,572,650 712,374 362,293 59,157 12.846 3,211 3,211 
1,112,036 1.591.362 2.469.060 1,118,427 568.800 70,231 18.727 4,682 4.682 

708,303 1,013,606 1,572,650 712,374 362,293 59,157 12.846 3.211 3,211 
0 0 0 0 * 0 104,499 0 0 0 





2.3 FEDS Building Envelope EROs 

Level-2 considers two building envelope retrofit options: adding or installing wall and/or ceiling 
insulation. 

2.3.1 Insulate Ceilings 

Description 

Ceilings can be insulated with either blown-in or batt type fiberglass insulation. This ERO examines the 
options of increasing ceiling insulation in buildings which have either attic space or suspended ceilings. 

Assumptions 

Technical assumptions follow: 

FEDS calculates existing insulation R-value based on building type and age information developed in the 
Level-:! input file for the building set. These calculated (default) values can be changed if the actual 
information is known. 

Retrofit R-values, fuel consumption, and installed cost are also determined based on information 
developed in the Level-2 input file for the building set. 

Retrofit insulation R-values are as follows: 

Increase insulation by - R-8 
Increase insulation by - R-11 
Increase insulation by - R-19 
Increase insulation by - R-30 
Increase’insulation by - R-38 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.5. 
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2.3.2 Insulate Exterior Walls 

Description 

There are two wall insulation options depending on the construction of the building. Exterior masonry 
walls can be insulated by affixing exterior insulation and exterior hard coat to the masonry surface. Wood 
frame buildings can have insulation blown into the spaces between the framing studs. The resulting wall 
has a high R-value and a tighter envelope. 

Assumptions 

Technical assumptions are as follows: 

FEDS calculates existing insulation R-value based on building type and age information developed in the 
Level-2 input file for the building set. These calculated (default) values can be changed if the actual 
information is known. 

Retrofit R-values, fuel consumption, and installed cost are also determined based on information 
developed in the Level-2 input file for the building set. 

Retrofit insulation R-values are as follows: 

Increase insulation by - R-4.3 
Increase insulation by - R-7.0 
Increase insulation by - R-10.9 
Increase insulation by - R-13 

Results 

The complete quantitative results including energy, installed cost, and NPV can be found in Table 2.6. 
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Table 2.5. FEDS Building Envelope EROs - RooWCeiling Insulation 

ADMINISTRATION41 
ADMINISTRATION42 
ADMINISTRATION43 
ADMINISTRATION.03a 
ADMINISTRATION-04 
ADMINISTRATION-05 
ADMINISTRATION.06 
ADMINISTRATION47 

ADMINISTRATION48 
ADMINISTRATION49 
BARRACKS41 
BARRACKS42 

ADMINISTRATION-07e 

BARRACKS03 
BARRACKS04 
BARRACKS47 
CHAPEL41 
CHAPEL42 
CLINIC-01 
CLINIC42 
CLUBS-01 
CLUBS-02 
CLUBS.03 
COMMISSARIES 
DINING HALLS03 
DINING HALLS44 
DINING HALLS45 

ELECTRONICS43 
EXCHANGE FACILITIES41 
EXCHANGE FACILITIES42 
EXCHANGE FACILITIES43 
EXCHANGE FACILITIES44 

DINING HALLS06 

FH-3 OR MORE41 
FH-3 OR MORE43 
FH-DETACHED-01 
FH-DUPLEX-01 
FH-DUPLEX43 
GUEST HOUSES42 
HANGER 
LABS42 
MILITARY OTHER41 
MILITARY OTHER-03 

Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 30.00 
Root InsuL R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 8.90 
Roof Insul. R-Vdue 8.90 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 30.00 
RoofInsul.R-Vdue 11.00 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 8.90 
Rooflnsul. R-Vdue 11.00 
Roof Insul. R-value 20.05 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 8.90 
Roof Insul. R-Vdue 20.05 
Rooflnsul. R-Vdua 8.90 
Roof lnsul R-Vdua 8.90 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 20.05 
Rooflnsul. R-Vdue 8.69 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-Vdue 8.90 
Rooflnsul. R-Vdue 11.00 
Roof Insul. R-Vdue 30.00 
Roof Insul. R.Vdue 0.00 
Roof Insul. R-Vdue 11.00 
Roof Insul. R-Vdue 30.00 
Roof Insul. R-Vdue 8.69 
Roof lnsul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdua 20.05 

Suspended Ceing: Increase lnsul by R B  
AkkCeIng: Increase lnsul byR-19 
SuspendedCeiing: Increase InsuLbyR-11 
Suspended Ceiing: Increase lnsul by R B  
Suspended Ceiing: Increase Insul. by R-38 
Suspended Ceiing: Increase Insul. by R-19 
Suspended Ceing: Increase Insul. by R B  
Suspended Ceiing: Increase Insul. by R-30 
Suspended Ceiing: Increase lnsul by R-38 
Suspended Ceiing: Increase lnsul by R-19 
Akk Ceing: Increase Insul. by R-19 
Akk Ceing: Increase Insul. byR.11 
Suspended Celing: Increase Insul. by R-8 
SuspendedCeing: Increase Insul. by R B  
Suspended Ceing: Increase lnsul by R-19 
Suspended Ceing: Increase lnsul by R-19 
Akk Ceing: Increase lnsul by R-38 
SuspendedCeiing: Increase lnsul. by R B  
SuspendedCeing: Increase Insul. by R-19 
SuspendedCdng: Increase Insul. by R-19 
Suspended Ceiing: Increase lnsul. by R.8 
Suspended Ceiing: Increase Insul. by R30 
Suspended Celing: Increase Insul. byR.38 
Suspended Ceiing: Increase Insul. by R-38 
Suspended Ceing: Increase Insul. by R-8 
Suspended Ceiing: Increase Insul. by R-30 
A& Ceing: Increase lnsul by R-38 
Suspended Ceing: Increase lnsul by R.38 
Supnded Ceiing: Increase Insul. by R-8 
Akk Celing: Increase Insul. by R.38 
Suspended CeZng: Increase Insul. by R-8 
Suspended Ceing: Increase lnsul byR.8 
Suspended Ceing: Increase Insul. by R-8 
AMCdng: Increase Insul. byR-19 
AIkCeing: Increase Insul. by R-19 
AkkCeIng: Increaselnsul byR-30 
AI~C teing: Increase tnsul. ~ ~ R - K I  
Akk Ceing: Increase Insul. by R-19 
A& Ceing: Increase Insul. by R-30 
Akk Ceing: Increase Insul. by R-30 
Suspended Ceing: Increase lnsul by R-18 
Akk Ceing: Increase Insul. by R-11 
SuspendedCeing: Increase lnsul by R-30 

NA (4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (b) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
WA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (b) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (e) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (e) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
WA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (a 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4,031 7.043 
14.427 17.438 
19,934 73,396 

735 2,428 
8.466 23.482 

40.100 133,166 
3,358 5,062 

30.033 75,364 
9.330 39,978 

28,208 43,336 
88,158 120.120 
2,439 3.366 

73,163 109,732 
9,600 80,133 

28,540 374,291 
54,371 154.238 
3.576 39,906 
5,858 6.514 
2.149 2,307 
1.114 7,677 
2.317 5,486 

15.681 70,012 
31,173 139,987 
70.277 249,226 
7,ON 12,745 

13,024 97,760 
3,655 372.61 1 

13,508 95,829 
1.755 2,706 
4.114 36.678 
4,430 6,592 
6,828 23.692 

11,058 22,822 
50.557 59,468 

139,587 160,259 
158,833 1,072,698 
26?,367 753,863 
314,380 382,884 

9,734 41.440 
6,571 125.148 
2,112 10,122 
4,852 9,901 
3.925 5,829 

409 
1.013 
4.262 

141 
1.364 
7.733 

294 
4,376 
2,322 
2,516 
6,975 

195 
6,372 
4.653 

21.735 
8.957 
2.317 

378 
134 
446 
319 

4.066 
8.129 

14.472 
740 

5,677 
21,637 
5,565 

157 
2.130 

383 
1,376 
1,325 
3,453 
9,306 

62,291 
43,777 
22,234 
2.406 
7,267 

588 
575 
338 

3,012 
3.011 

53,462 
1,693 

15,017 
93.066 

1.704 
45,331 
30.648 
15.128 
31,962 

926 
36,568 
70.523 

345,751 
99.867 
36,330 
656 
158 

6.563 
3.170 

54.331 
108.814 
178,949 

5,739 
84,736 

82,321 
952 

32,554 
2.154 

16.864 
11,764 
8,910 

20,672 
913.862 
491.496 
68,504 
3 1.705 

118.577 

5.048 
1,904 ' 

368,956 

1.7 
1.2 
3.7 
3.3 
2.8 
3.3 
1.5 
2.5 
4.3 
1 5  
1.4 
1.4 . 
1.5 
1.3 

13.1 
2.8 

11.2 
1.1 
1.1 
6.9 
2.4 
4.5 
4.5 
3.5 
1.8 
7.5 

101.9 
7.1 
1.5 
8.9 
1.5 
3.5 
2.1 
1 .2 
1.1 
6.8 
2.9 
1.2 
4.3 

190 
4.8 
2.0 
1.5 



Table 2.5. (contd) 

:JILITARY OTHER-04 
MWR.02 
MWR-03 
MWR.04 
MWR-05 
MWR-0% 
MWR.06 
MWR.07 
RECREATION42 
RECREATION44 
SCHOOVIRAINING-01 
SCHOOVTRAINING-02 
SCHOOVTRAINING-03 
SECURITY41 
SECURITY43 
SHOPS42 
SHOPS43 
SHOPS44 
SHOPS45 
SHOPS46 

WAREHOUSE41 
WAREHOUSE45 
WAREHOUSE46 
WAREHOUSE47 
WAREHOUSE48 
WAREHOUSE49 

TOTALS: 

STORAGE-02 

WAREHOUSE-12 

Roof Insul. R W u e  7.15 
Roof Insul. R-Value 30.00 
Roof Insul. R-value 20.05 
Rwf lnsul R-value 20.05 
Roof Insul. R-value 20.05 
Roof Insul. R-value 11.00 
Roof Insul. R-value 30.00 
Rooflnsul. R-value 30.00 
Roof lnsul R-Vdue 0.00 
Roof Insul. R-value 20.05 
Roof Insul. R-value 11.00 
Roof Insul. R-value 8.69 
Roof Insul. R-value 11 .00 
Roof lnsut R-Vdue 8.69 
Roof lnsul R-Vdue 20.05 
Roof Insul. R-Vdue 8.69 
Roof lnsul R-Vdue 20.05 
Roof lnsul R-Value 5.00 
Roof lnsul R-value 0.00 
Roof Insul. R-Value 8.69 
Roof Insul. R-value 0.00 
Roof Insul. R-value 0.00 
Roof Insul. R-Value 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 0.00 
Roof Insul. R-Vdue 20.05 
Roof Insul. R-value 20.05 
Roof Insul. R-Vdue 0.00 

ALCellng: lncreaselnsul byR-19 
A L  Cdng: Increase Insul. by R-1 1 . 
Suspended Ceing: Increase Insul. by R:30 
SuspendedCeing: Increase Insul. by R.8 
Suspended Ceing: Increase Insul. by R.30 
Attic Celing: Increase Insul. by R38 
A L  C l n g :  Increase Insul. by R-19 
A P  Ceing: Increase Insul. by R-19 
Suspended CeEng: Increase Insul. by R.30 
Suspended Ceing: Increase Insul. by R-30 
ALCeing: Increase Insd. by R-19 
Attic Ceing: Increase Insul. by R-38 
A b  Ceing: Increase Insul. by R-8 
A P  Ceing: Increase Insul. by R-19 
SuspendedCeing: Increase Insul. by R.30 
A16c Ceing: Increase Insul. by R-19 
Suspended Ceing: Increase Insul. by R-8 
Attic Ceing: Increase lnsul. by R-19 
Suspended Ceing: Increase Insul. by R.19 
Attic Ceing: Increase Insul. by R-8 
Attic Ceing: Increase Insul. by R-8 
A P  Ceing: lncrme Insul. by R-8 
SuspendedCeing: Increase Insul. byR-8 
Attic Ceing: Increase Insul. by R-19 
Suspended Ceing: Increase Insul. by R-8 
Suspended Ceing: Increase Insul. by R-8 
SuspendedCeing: Increase Insul. by R-8 
Suspended Ceing: Increase Insul. by R30 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
ti4 

(e) AI buidngs In the buking set rre essumed lo be rebofil 
(b) See edslng end rebofd lchndogy columns for lheses vdues. 
(c) Edsihg end rebofd fuek are eaumed lo be a l  fuels used In lhe buldng 
(d) There 818 no energy and demand savings drecUy a ~ u l a b l e  lo Insul. measures; repcded savings rre from the Interache elleck of olher energy consuming equpmenl In the buldng 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1,ooo 1.937 
5.788 5.904 

12,324 28,596 
5.864 61,347 
9,025 47.726 
2,582 10,020 
8,780 9,298 

13.318 15.772 
38,692 906,694 
22,535 47.558 

850 2,090 
26,977 114.430 
5,333 57,838 

228 5,504 
3,699 6.827 

33.590 71,995 
24,881 104.601 
31.037 830.340 
35.771 51,297 
2,326 3.551 

56,310 71,665 
8,700 9,020 

33,033 131.440 
4.873 92.799 

30,037 158,192 
4,872 22,102 
5.268 19,445 

166.555 
2,005,349 8,131,276 

113 937 1.9 
343 116 1.0 

1,661 16,272 2.3 
3,562 55.483 10.5 
2,771 38.701 5.3 

582 7,438 39  
540 519 1.1 
916 2,454 1.2 

52,651 868.002 23.4 
2,762 25,023 2.1 

121 1,240 2.5 
6.645 87,453 4.2 
3,359 52.505 10.8, 

320 5,275 24.1 
396 3.128 1.8 

4.181 38,405 2.1 
6,074 79,720 4.2 

48,218 799,303 26.8 
2,979 15.526 1.4 
206 1,225 1.5 

4.162 15,355 1.3 
524 319 1.0 

7,633 98,407 4.0 
5,389 87,926 19.0 
9,186 128,155 5.3 
1,283 17,230 4.5 
1,129 14,177 . 3.7 
m154.24113.5 

472,181 6,125,922 4.1 



Table 2.6. FEDS Building Envelope EROs - Wall Insulation 

w 
Y 

ADMINISTRATION42 
ADMINISTRATION-04 
ADMINISTRATION*Q 
BARRACKS-02 
BARRACKS44 
CHAPEL4 1 
CHAPEL42 
CLINIC42 
CLUBS-02 
DINING HALLSM . 
EXCHANGE FACILITIES41 
EXCHANGE FACILITIES43 

ELECTRONICS-03 ' 

FH-DETACHED-01 
FH-DUPLEX-01 
HANGER 
HOSPITAL 
MWR-05 
RECREATION42 
SCHOOVIRAINING41 
SCHOOVIRAINING-03 
SECURIN-01 
SHOPS44 
WAREHOUSE46 
WAREHOUSE49 
WAREHOUSE-12 
TOTALS: 

- Notes: 

Wal lnsul R W u e  0.00 
W d  lnsul. R-Vdue 0.00 
W d  Insul. R-Vdue 0.00 
Wal Insul. R-Vdue 0.00 
W d  Insul. R-Vdue 7.00 
\h'al Insul. R.Vdue 0.00 
W d  Insul. R-Vdue 5.32 
W d  Insul. R-Vdue 0.00 
W d  Insul. R-Vdue 0.00 
Wal Insul. R-Vdue 0.00 
W d  Insul. R-Vdue 0.00 
Wid Ins& R.Vdue 8.79 
W d  Insul. R-Vdue 0.00 
W d  Insul. R-Vdue 0.00 
Wal Insul. R-Vdue 0.00 
Wa! Insul. R-Vdue 0.00 
W d  Insul. R-value 0.00 
W d  Insul. R-Vdue 5.32 
W d  Insul. R-Vdue 7.00 
W d  Insul. R.VdueO.OO 
W d  Insul. R-Vdue 0.00 
Wal lnsul R-Vdue 5.32 
Wal lnsul. R-Vdue 0.00 
W d  Insul. R-Vdue0.00 
Wal lnsul. R W u e  8.79 
W d  Insd. R-Vdue 0.00 

Lw- ln  Insul.: Increase Insul. by R-6.5 
Lw- ln  Insul.: Increase lnsuL by R-6.5 
Interior Masonay Surface: Increase lnsd by R-4.3 
Blow-In Insul.: Increase Insul. by R-6.5 
Bbw-ln Insd.: Increase Insul. by R-2.4 
Bbwin Insul.: Increase Insul. by R.6.5 
In!edor Masonay Surface: Increase lnsd by R-4.3 
Blow.ln Insul.: Increase Insul. by R-6.5 
Inledor Masonay Surface: Increase lnsu!. by R.10.9 
lnl& Masonay Surface: Increase Insul. byR.lO.9 
Inledor Masonay Surface: Increase lnsul by R-4.3 
Blob9-h Ins& Increase 1nsuI.byR-6.5 
Interior Masoncry Surface: Increase Insul. by R-4.3 
L w 4 n  Ins& Increase Insul. by R-6.5 
Blowh Insul.: Increase Insul. by R.6.5 
Lw- ln  Insul.: Increase Insul. by R.13 
Interior Masonay Surface: Increase lnsul. by R-4.3 
Interior Masonay Surface: Increase Insul. byR.lO.9 
L w i n  Insul.: Increase Insul. by R-2.4 
Blow-In Insul.: Increase Insul. by R-6.5 
L w i n  Insd.: Increase Insul. by R-6.5 
lnl& Masanay Surface: Increase lnsul. by R-10.9 
L w l n  Insul.: Increase Insul. byR.6.5 
L w i n  Insd.: Inkease Insul. by R-6.5 
Blow-ln Insul.: Increase Insul. by R-2.4 
L w h  Insul.: Increase lnsul. byR.13 

. 

NA (81 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NAP) NAP) 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA , NA 
NA NA 

NA . NA 

NA(c) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA (cl 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. N A  
NA 

NA (d) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~~ 

(a) k; bukSngs In t>e buicing selwe assumed lo be rebofit 
(b) See edslng end reboM technology cdumns for Ihesesvdues. 
(c) Edsilng and reboll fuek we assumed lo b e d  fuels usedln Be buldng. 
(d) Thete w no energy end demand wings dreclly alkbulable Iolnsulabn measures: reported havings HE from Be Interache effects of other energy consuming equipment In Be buldng. 

NA (4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10.375 
9,235 

16,023 
108268 
31.169 
5.158 
9,153 

25.381 
26,717 
13.468 
4,364 
5,007 

10,662 
209,504 
227,405 
20,331 
42,931 
11,818 
21.108 
3,099 

19,441 
3.735 

20,147 
12,613 
18,813 

907,261 

26,784 
25,952 
16.148 

115,934 
62,676 
23.006 

. 14.664 
30,430 
52,319 
80.473 
7,341 
9,369 

12,474 
276,790 
591.832 
109,631 
54.160 
67,995 
48,445 
5,395 

24,682 
5,611 

73,797 
41.163 
19,732, 

1,840,887 
$-@aJ 

1.555 8.409 1.5 
1,507 16,717 2.8 

938 125 1.0 
6.732 7.666 1.1 
3.640 31,507 2.0 
1,336 17.848 4.5 

852 5.511 1.6 
1,767 5,049 1.2 
3.038 25,602 2.0 
4,673 67.005 6.0 

426 2,977 1.7 
544 41362 1.9 
724 1,812 1.2 

16,073 67,286 1.3 
34,368 364.427 2.6 
6,366 89.300 5 4  
3,145 11,228 1.3 
3.948 56,177 5.8 
2.813 27,337 2.3 

313 2,295 1.7 
1.445 5.440 1.3 

326 1,876 1.5 
4,285 53,650 3.7 
2,390 28,550 3.3 
1.146 919 1.0 

106,898 933,622 2.0 
gg30.5473.3 





2.4 Manual Building Envelope EROs 

Shade screens, double-pane windows, and weatherization (weather stripping/sealants of windows and ' 

doors) EROs were examined for Fort Irwin. These EROs focus on reducing the heating and cooling load 
on the building, thus saving both cooling energy in the summer and heating energy in the winter. The 
version of FEDS used in this analysis does not consider these EROs, so they were done using hand 
calculations. 

2.4.1 Shade Screens 

Description 

By installing shade screens at Fort Irwin, buildings can reduce radiative heat gain through the windows. 
Shade screens are designed to replace existing insect screens, but instead of a inetal or fabric mesh; the 
shade screens are made with rows of miniature louvers that block the sun when it gets above a certain 
angle. The higher the sun, the less light is transmitted. By reducing the amount of sunlight that enters 
through the windows in the summer (when the sun is the highest), cooling load can be substantially 
reduced. Further, the design of the shade screens is such that the solar gain in the winter will not be 
affected since the sun is lower in the sky, Thus, shade screens will not block out the radiative heat in the 
winter that would help offset the load to the facilities heathg system, as is the case for reflective window 
film. 

The shade screens may also provide additional security since they are nearly opaque from the outside, 
while allowing clear viewing from the inside. 

Assumptions 

The technical assumptions are as follows: 

0 

0 

0 

0 

0 

0 

Buildings were categorized by building class (Le., concrete block, masonry siding, etc.). Buildings 
which did not have a designated building class were categorized by the building type (Le., ADMIN, 
DINING, etc.) 

Percentage of windows on each side of the building was best fitted to each category based on 
observations made during the site visits by PNL. 

All the months during the summer season (June through September) are assumed to contribute to the 
cooling energy consumption, based on an average temperature above 75OF. China Lake typical 
meteorological year (TMY) weather data was used to determine this baseline. 

Air conditioning equipment COP (coefficient of performance) for existing equipment was assumed to 
be 3. 

The present shading coefficient is assumed to be 1.0 (Le., no shading), and the proposed shading 
coefficient is assumed to be 0.3. This is a conservative number chosen to reflect daily .averages; 
shade screen manufacturers claim a shading coefficient of 0.15 when the sun is above 30 degrees. 

Solar insolation attributing to heat gain through the windows was calculated from solar heat gain 
factor (SHGF) (Btuh-ft2) (from ASHRAE Fundamentals 1993, pp. 27.21-.22) assuming Fort Irwin is 

) 2.29 



at 35 degrees latitude. Buildings are assumed to be oriented 45" from north; therefore the SHGF 
used are for the NE, SE, NW, and SW faces of the building. 

Solar time, used by ASHRAE Fundamentals, was converted to Pacific Time to account for on, mid, off 
peak energy consumption during the summer season. 

Each side of the building was analyzed separately so to find the best economic choice for shade screens. 

The shade screens will not increase the heating load in the winter. 

The cost assumptions are as follows: 

The shade screens cost $Sift2 installed. 

A $0.80/ft2 rebate is available from SCE for window tint or screen installed on the east, southeast, 
south, southwest and west facing glass. For this analysis, the rebate was deducted from the first cost on 
the applicable (southeast and southwest) sides of the buildings. 

Qualitative results of the ERO analysis appear in Table 2.7. The table contains specific energy, cost, 
and economic data. The results are broken down into commercial and family housing sub-totals. Because 
there are different costs and savings associated with each side of the buildings, the results are given in 
terms of the southeast, southwest, and northwest facing sides. There are no cost-effective implementations 
for the northeast facing windows. 

Budget Implications. The estimated initial cost of all cost-effective implementations of this ERO are as 
follows: 

Glass Facing Direction Commercial Family Housing . 
Southeast $64,346 $235,942 

Northwest $5 1,725 $1 12,364 
southwest $96,484 $94,533 

Energy and Cost Savings. The estimated annual electrical energy savings in kwh and associated cost 
savings are as follows: 

Glass Facing Commercial Family Housing 
k W y r  $iyr k W y r  $lyr 

Southeast 134,592 8,697 4933 19 31,889 
193,108 24,639 199,699 24,141 southwest 

Northwest 63,320 7,525 137,554 16,346 

Direction 
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Demand and Cost Savings. The estimated annual .electrical demand savings in kW and associated cost 
savings are as follows: 

Glass Facing Commercial FamiIy Housing 

Southeast 280 3,256 1,025 1 1,940 
Southwest 1,291 23,28 1 1,265 22,810 
Northwest 390 7,066 848 15,349 

%lyr kW-molyr %lyr Direction kW-mo/yr 

2.4.2 Double-Pane Windows 

Description 

The majority of windows at Fort Irwin are single-pane. Single-paned windows allow a significant 
amount of heat to transfer across the window when compared to double-paned windows. Double-paned 
windows have a dead air space between the glazings which acts as insulation, reducing the amount of heat 
transfer through the window. Therefore, by replacing the single-paned windows at Fort Irwin, there would 
be a decrease in energy consumption associated with cooling and heating energy. 

This ERO examines the buildings throughout the main base. Buildings were excluded from the analysis 
based on'small floor areas, use of the building, location of the building (ie., remote areas), andlor minimal 
window area. 

Assumptions 

The technical assumptions are as follows: 

Buildings were categorized by building class (i.e., concrete block, masonry siding, etc.). Buildings 
which did not have a designated building class were categorized by the.building type (i.e., ADMIN; 
DINING, etc.) 

Percentage of windows on each side of the building was best fitted to each category based on observa- 
tions made during the site visits by PNL. 

The months with an average outdoor air temperature below 65OF were assumed to contribute to the 
heating energy consumption during the winter season. These months are November through March. All 
the months during the summer season (June through September) are assumed to contribute to the cooling 
energy, based on an average temperature above 75OF. China Lake TMY (typical meteorological year) 
weather data was used to determine this baseline. 

The conductive heat loss or gain through the window was determined by the equation: 

Q = U*A*AT*OH: 
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where: U = window thermal conductivity (Btuh-ftz-OF) 
A = area of window (ft’) 

AT = temperature difference across the window ( O F )  
OH = operating hours 

Existing single-pane windows are assumed to have an U-value of 0.98 (Btuh-ftz -F) and the U-value for 
double pane is assumed to be 0.7 (Btuh-ft2-F). 

The temperature difference across the window in the above equation was determined as follows: 

- AT for heating season was determined by taking the average outdoor temperature of each individual 
heating month (from TNIY data) minus 65°F (assumed indoor temperature during the heating season). 

- AT for cooling season was determined by taking the average outdoor temperature of the cooling 
season minus 75OF (assumed indoor temperature during the cooling season). 

To determine the operating hours, each day (weekday or weekend) was broken into a percentage of on, 
mid, off, or super off hours (depending on the season) and appropriately prorated for the entire season 
operating hours for each rate type.. 

Air conditioning equipment efficiency for existing equipment was assumed to have a COP of 3. 
Furnace efficiency was assumed to be 75%. 

The cost assumptions are as follows: 

Double-pane windows are assumed to be $9/ftz for materials and $8/ftz for labor taken as an average 
from several sources. (Means: Building Construction Cost Data 1992a; The Richardson Rapid System, 
Process Plant Construction Estimating Standards, Volume 2, 1992; cost estimate from a manufacturer of 
efficient window) 

Qualitative results of the ERO analysis appear in Table 2.8. The table contains specific energy, cost, 
and economic data. There are no cost-effective options for,this ERO. 

2.4.3 Weatherization Package 

Description 

By sealing cracks in the building envelope with weatherstripping and caulking, a significant amount of 
heat to transfer through the envelope of the building can be decreased, thus decreasing the energy con- 
sumption to heat and cool the building. 

This ERO examines the buildings throughout the main base. Buildings were excluded from the analysis 
based on small floor areas, use of the building, location of the building (i.e., remote areas), and/or minimal 
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window area. Heat transfer (both heat gain or loss depending on the season) due to infiltration was cal- 
culated using an associated infiltration rate (cfm/ft*) of existing buildings, compared to the heat transfer 
into a tightly sealed building (ASHRAE Fundamentals 1993, p. 23.16), to predict the energy savings 
associated with installing weatherstripping on the windows and doors. 

Assumptions 

The technical assumptions are as follows: 

Buildings were categorized by building class (Le., concrete block, masonry siding, etc.). Buildings 
which did not have a designated building class were categorized by the building type (i.e., ADMIN, 
DINING, etc.) 

Percentage of windows on each side of the building was best fitted to each category based on 
observations made during the base site visit by PNL. 

The months with an average outdoor air temperature below 65°F were considered to contribute to the 
heating energy consumption during the winter season. These months are November through March. 
All the months during the summer season (June through September) are assumed to contribute to the 
cooling energy, based on an average temperature above 75°F. China Lake TMY (typical meteorological 
year) weather data was used to determine this baseline. 

Existing air conditioning equipment was assumed to have a COP of 3. Furnace efficiency was assumed 
to be 75%. 

To determine the operating hours, each day (week day or week-end) was broken into a percentage of on, 
mid, off, or super off hours (depending on the season) and appropriately prorated for the entire season 
operating hours for each rate type. 

The average temperature for each month during the heating season came from the TMY data for China 
Lake. The cooling season temperature was for the entire cooling season, also from China Lake TMY. 
data. It should be noted that this was broken up into each rate schedule. 

Existing air leakage values at Fort Irwin is assumed to be both average (0.3 cWft2) and leaky 
(0.6 cfm/ft*) tightness (determined by the age and type of building: Le., anything built prior to 
1980 = leaky), and proposed air leakage values are assumed to be tight commercial building of 
0.1 cfm/ft2 (from ASHRAE Fundamentals, 1993, p. 23.16) 

Heat gain calculations for sensible heat gain or loss is from ASHRAE Fundamentals, 1993, p. 25.13. 

Q = C,*p*W,*I * AT *OH 
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where: C, = specific heat of air = 0.24 (Btu/lb-OF) 
p = density of air (lb/ft3) 

I = infiltration rate (cfm/ftz) 
W, = wall area (ftz) 

AT = temperature difference across envelope ( O F )  

OH = operating hours 

The temperature difference across the window in the above equation was determined as follows: 

- AT for heating season was determined by taking the average outdoor temperature of each individual 
heating month (from TMY data) minus 65°F (assumed indoor temperature during the heating season). 

- AT for cooling season was determined by taking the average outdoor temperature of the cooling 
season minus 79F (assumed indoor temperature during the cooling season). 

It was assumed 2 doors per building with dimensions of 3’ x 7’. Window dimensions were 
approximated from site visit. Family housing windows were considered to be 3’ x 4’. 

The cost assumptions are as follows: 

Caulking material = $0.06/ft, labor = $0.72/ft 

Weatherstripping material = $2.20/ft, labor = $1.92/ft 

Door Strips material = $2.60/ft, labor = $3.84/ft (from Means i992a) 

Qualitative results of the ERO analysis appear in Table 2.9. The table contains specific energy, cost, 
and economic data. The results are summarized below. 

Budget Implications. The estimated initial cost of weatherstripping the windows and doors in the 
commercial buildings is $145,789. The estimated initial cost for family housing is $225,617. 

Energy and Cost Savings. The estimated annual energy savings for commercial buildings is 
1,231,150 kwh and 3,583 MBtu (LPG), for a total annualized cost savings of $130,687. The estimated 
annual demand savings is 5,113 kW-months at a cost savings of $72,229. The estimated annual energy 
savings for family housing is 992,689 kwh and 2,889 MBtu (LPG), for a total annualized cost savings of 
$105,374. The estimated annual dem&d savings, for family housing is 2,889 kW-months at a savings of 
$58,239. These estimatesare based on 100% implementation of the ERO for a typical operating year. 
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ID 

Northeast Side: 
NE-I U Shaped Bldgs: Barracks 
NE-2 U Shaped Btdgs: Other 
NE3 
NE-4 Concrete Block: Barracks 
NE-5 
NE-6 
NE-7 Metal Siding 
NE8 Masonile Siding: pre 1950 
NE4 Masonite Siding: post 1950 
NE-IO Wood Siding 
NE-11 ADMIN: MlSC pre 1964 

Concrete Block: wl SE win only 

Concrete Block: Misc pre 1980 
Concrete Block: Misc post 1980 

NE-I2 ADMIN: MlSC post 1964 
NE-13 BRWADM MlSC 
NE-I4 DINING: MSlC 
NE-I5 MOTORPOOL 
NE-16 MWR 
NE-17 SECURTY 
NE-I8 SHOP 
NE-I9 TRAINING 
NE-20 WHS 
FH-NE-I Fam. Hsg. - 1961 Vintage 
FH-NE9 Fam. Hsg. - 1963 Vintage 
FH-NE3 Fam. Hsg. - 196666 Vintage 
FH-NE-4 Fam. Hsg. - 1983 Vintage 
FH-NE6 Fam. Hsg. - 1984Vintage 

Energy Demand 
Summer Summer 

Total On-Peak Mid-Peak Off-peak On-Peak Mid-Peak 
Building Description (kwhlyr) (kwhlyr) (kwhlyr) (kwhlyr) (kW-mo) (kW-mo) 

Southeast Side: 
SE-I U Shaped Bldgs: Barracks 
SE-2 U Shaped Bldgs: Other 
SE-3 
SE-4 Concrete Block: Barracks 
SE-5 
SE-6 
SE-7 Metal Siding 
SE-8 Masonile Siding: pre 1950 
SE-9 Masonite Siding: post 1950 
SE-IO Wood Siding 
SE-11 ADMIN: MlSC pre 1964 

Concrete Block: w/ SE win oniy 

Concrete Block: Misc pre 1980 
Concrete Block: Misc post 1980 

SE-I2 AQMIN MlSC post1964 
SE-13 BRWADM MlSC 
SE-I4 DINING: MSlC 
SE-15 MOTORPOOL 
SE-I6 MWR 
SE-17 SECURTY 
SE-18 SHOP 
SE-19 TRAINING 
SE-20 WHS 
FH-SE-1 Fam. Hsg. - 1961 Vintage 
FH-SE-2 Fam. Hsg. - 1963 Vintage 
FHSE-3 Fam. Hsg. - 196666Vintage 
FHSE-4 Fam. Hsg. - 1983Vintage 
FH-SE-5 Fam. Hsg. - 1984Vintage 

82,528 
I 1,784 
7,630 

11,982 
4,989 
4.351 

31,727 
14,205 
4,697 
1,382 
1,733 
3,057 
1,662 
1 ,857 
3,117 

722 
148. 

3,053 
1,011 

638 
107,872 
118,051 
72.044 

110,312 
82,958 

82,528 
I 1,784 
7,630 

11,982 
4,989 
4,351 

31.727 
14,205 
4,697 
1,382 
1,733 
3,057 
1,662 
1,857 
3,117 

722 
148 

3.053 
I ,Ol I 

638 
154,797 
169,435 
103,403 
158,326 
119,066 

12,351 
1,764 
1,142 
1,793 

747 
651 

4,748 
2,126 

703 
207 
259 
458 
249 
278 
466 
108 
22 
457 
151 
95 

21,137 
23.131 
14,117 
21,615 
16,255 

12,351 
1,764 
1,142 
1,793 
' 747 

651 
4.748 
2,126 

703 
207 
259 
458 
249 

466 
I08 
22 
457 
151 
95 

23.167 
25,357 
15.475 
23,695 
17,819 

278 

2.35 

28,681 
4,095 
2,652 
4,164 
1,734 
1,512 

11,026 
4,937 
1,632 

480 
6M 

1,063 
578 
646 

1,083 
251 
51 

1!061 
352 
222 

19,489 
21,328 
13,016 
19,929 
14,987 

41,496 
5,925 
3,837 
6,024 
2,508 
2,188 

15.953 
7,142 
2,362 
'695 
871 

1,537 
836 
934 

1,567 
363 
74 

1,535 
509 
321 

67,246 
73,592 
44.912 
63,767 
51,715 

28,681 41.496 
4,095 5,925 
2,652 3,837 
4,164 6,024 
1,734 2,508 
1.512 2,188 

11,026 15,953 
4,937 7.142 
1,632 2,362 

4 8 0 6 9 5  
€02 . 871 

1.063 1,537 

6 4 6 9 3 4  
1,083 1.567 
251 363 
51 74 

1,061 . 1.535 
352 509 
222 321 

53,797 77,833 
58.884 85.193 
35,936 51,991 
55,024 79,607 
41,380 59,867 

na 836 

95 
14 
9 

14 
6 
5 
36 
16 
5 
2 
2 
4 
2 
2 
4 
I 
0 
4 
I 
I 

162 
I77 
108 
166 
'125 

95 
14 
9 

14 
6 
5 

35 
16 
5 
2 
2 
4 
2 
2 
4 
I 
0 
4 
I 
I 

178' 
194 
I19 
182 
137 

77 
11 
7 

11 
5 
4 
30 
13 
4 
I 
2 
3 
2 
2 
3 
I 
0 
3 
I 
1 

52 
n 
35 
53 
40 

7 7 .  
11 
7 

11 
5 
4 
30 
13 
4 
1 
2 
3 
2 
2 
-3 
I 
0 
3 
I 
1 

144 
158 
96 

147 
Il l  



Table 2.7. (contd) 

ID 

Energy Demand 
Summer Summer 

Total On-Peak Mid-Peak Off-peak On-Peak Mid-Peak 
Building Description . (kWh/yr) (kWwr) (kWhlyr) (kWh/yr) (kW-mo) (kW-mo) 

Southwest Side: 
SW-I U Shaped Bldgs: Barracks 
SW-2 U Shaped Bldgs: Other 
SW-3 
SW-4 Concrete Block: Barracks 
SW-5 
SW-6 
SW-7 Metal Siding 
SW-8 Masonite Siding: pre 1950 
SW-9 Masonite Siding: post 1950 
SW-10 Wood Siding 
SW-I1 ADMIN: MlSC pre 1964 

Concrete Block: WISE win only 

Concrete Block: Misc pre 1980 
Concrete Block: Misc post 1980 

SW-I2 ADMIN: MlSC post 1964 
SW-13 BRWADM MlSC 
SW-14 DINING: MSlC 
SW-15 MOTORPOOL 
SW-16 MWR 
SW-17 SECURTY 
sw-ia SHOP 
SW-19 TRAINING 
SW-20 WHS 
FHSW-I Fam. Hsg. - 1961 Vintage 
F H S W Z  Fam. Hsg. - 1963 Vintage 
FH-SW-3 Fam. Hsg. - 1964-66Vintage 
FHSW-4 Fam. Hsg. - 1983Vintage 
FHSW-5 Fam. Hsg. - 1984Vintage 

Northwest Side: 
NW-1 U Shaped Bldgs: Barracks 
NW-2 U Shaped Bldgs: Other 
NW-3 
NW-4 . ConcreteBlock: Barracks 
NW-5 
NW-6 
NW-7 Metal Siding 
NW-8 Masonite Siding: pre 1950 
NW-9 Masonile Siding: post 1950 
NW-IO Wood Siding 
NW-11. ADMIN: MISC pre 1964 

Concrete Block wl SE win only 

Concrete Block Misc pre 1980 
Concrete Block: Misc post 1980 

NW-12 ADMIN: MlSC post 1964 
NW-13 BRWADM MlSC 
NW-I4 DINING: MSlC 
NW-15 MOTORPOOL 
NW-I6 MWR 
NW-17 SECURTY 
NW-18 SHOP 
NW-19 TRAINING 
NW-20 WHS 
FH-NW-I Fam. Hsg. - 1961 Vintage 
FH-NW-2 Fam. Hsg. - 1963 Vintage 
FH-NW-3 Fam. Hsg. - 196666 Vintage 
FH-NW-4 Fam. Hsg. - 1983Vintage 
FH-NW-5 Fam. Hsg. - 1984Vintage 

83,348 64,260 
11,901 9,176 

0 0 
16,268 12,542 
5,038 3,884 
4,394 3.388 

32,043 24,704 
45,633 35,182 

5.584 4.305 
6.999 5,396 

12,351 9,523 
6,714 5,176 
7,504 5,785 

12,592 9,708 
2,919 2,250 
598 461 

12,334 9,509 
4.086 ' 3,150 
2,576 1.986 

63,004 48,575 
68.447 52,772 
41,772 32,206 
63,960 49,312 

18,289 14,100 

48,100 37,084 

24,804 18,693 
3,542 2,669 

0 . o  

3,476 2,619 
3,031 2,285 

22,945 17,292 

3,154 2.377 
9 6 3 7 2 6  

1,207 910 
2,130 1,605 
1,158 873 
1,294 975 
2,172 1.637 
503 379 

2,127 1,603 
705 531 
4 4 4 3 3 5  

43.159 32,527 
47,220 35.587 
28,818 21,718 
44,125 33,254 
33,183 25,008 

8.355 6,297 

4344 6,288 

103 7a 

13,215 
1,887 

0 
2.579 
799 
697 

5,080 
7,235 
2,900 
885 

1,110 
1,958 
1,064 
1,190 
1,996 

463 
95 

1 ,m 
648 
408 

9,989 
10.852 
6,623 

10.141 
7,626 

3,580 
51 I 

0 
1,206 
5M 
438 

3,312 
1,204 
455 
139 
174 
307 
167 

313 
73 
15 

307 
102 
64 

6,229 
6,816 
4,159 
6,369 
4,790 

187 

5,873 
a39 

0 
1,146 

355 
310 

2,258 
3,216 
1,289 
393 
493 

473 
529 
887 
206 
42 
869 
288 
I82 

4.440 
4,823 
2.961 
4,507 
3,390 

870 

2,531 
361 

0 
852 
355 
309 

2.341 
851 
322 
98 

123 
217 
118 
132 
222 
51 
I1 

217 
72 
45 

4,403 
4.817 
2,940 
4,502 
3.385 

492 
70 
0 

96 
30 
26 

189 
270 
108 
33 

I 41 
73 
40 
44 
74 
17 
4 

73 
24 
15 

372 
404 
247 

284 
378 

143 
20 
0 
48 
20 

133 
48 
18 
6 
7 

12 
7 
7 

13 
3 
I 

12 
4 
3 

249 
273 
166 
255 
192 

la 

35 
5 
0 
7 
2 
2 

14 
19 

2 
3 
5 
3 
3 
5 
I 
0 
5 
2 
I 

27 
29 

27 
20 

a 

la 

10 
I 
0 
3 
1 
I 
9 
3 
1 
0 
0 
I 
0 
1 
I 
0 
0 
I 
0 
0 

17 

11 
17 
13 

la 
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Table 2.7. (contd) 

Shade Screens ERO Operating Parameters 
I I Energy Demand I 

Summer Summer I Total I On-Peak I Mid-Peak I Off-peak I On-Peak I Mid-Peak I 
ID IDescripfion of ERO I (kWh/yr) I (kWh!yr) I (kWhEyr) I (kWh/yr) I (kW-mo) I (kW-mo) 

Northeast Side: 
NE-1 Shade Screens -NE side 
NE-2 Shade Screens - NE side 
NE-3 Shade Screens -NE side 
NE-4 Shade Screens - NE side 
NE-5 Shade Screens - NE side 
NE-6 Shade Screens - NE side 
NE-7 Shade Screens - NE side 
NE-8 Shade Screens - NE side 
NE-9 Shade Screens -NE side 
NE-10 Shade Screens -NE side 
NE-I1 Shade Screens - NE side 
NE-I2 Shade Screens -NE side 
NE-I3 Shade Screens -NE side 
NE-14 Shade Screens -NE side 
NE-I5 Shade Screens - NE side 
NE-16 Shade Screens -NE side 
NE-17 Shade Screens - NE side 
NE-18 Shade Screens -NE side 
NE-19 Shade Screens - NE side 
NE-20 Shade Screens -NE side 
FH-NE-1 Shade Screens - NE Side 
FHaNE-2 Shade Screens - NE Side 
FH-NE3 Shade Screens - NE Side 
FH-NE-4 Shade Screens - NE Side 
FH-NE5 Shade Screens -NE Side 

Soulheasl Side: 
SE-1 
SE-2 
SE-3 
SE-4 
SE-5 
SE-6 
SE-7 
SE-8 
SE-9 
SE-10 
SE-11 
SE-12 
SE-13 
SE-14 
SE-I5 
SE-I6 
SE-17 
SE-18 
SE-19 
SE-20 
FHSE-1 
FHSE-2 
FH-SE-3 
FH-SE-4 
FH-SE-5 

Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side . 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE si& 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE side 
Shade Screens - SE Side 
Shade Screens - SE Side 
Shade Screens - SE Si& 
Shade Screens - SE Side 
Shade Screens - SE Side 

7,441 1,458 
1,063 208 
' 0  0 
3,369 660 
1,043 204 

909 178 
6,884 1,349 
8.978 1,759 
3,750 735 
1,156 226 

2,556 501 
1,390 272 
1,553 304 
2,606 511 

604 118 
124 24 

2,553 500 
a46 166 
533 104 

1,449 284 

32,362 
35,415 
21,613 
33.093 
24,887 

24,758 
3,535 
2.289 
3,595 
1,497 
1,305 
9,518 
4,261 
1,409 

415 
520 
917 
499 
557 
935 
217 

' 4 4  
916 
303 
191 

46,439 
50,830 
31,021 
47,498 
35,720 

6,341 
6,939 
4,235 
6,484 
4.877 

3.705 
529 
343 
538 
z 4  
195 

1,424 
638 
21 I 
62 
78 

137 
75 
83 

140 
' 32 

7 
137 
45 
29 

6 , W  
7,607 
4,643 
7,109 
5.346 

2.37 

1,344 
192 

0 
609 
188 
164 

1,244 
1,622 
677 
209 
262 
462 
251 
281 
471 
109 
22 

461 
153 
96 

5,847 
6,398 
3.905 
5,979 
4,496 

8,604 
1.229 

796 
1,249 

520 
454 

3.308 
1.481 
490 
144 
181 
319 
173 
194 
325 
75 
15 

318 
105 
66 

16,139 
17,665 
10,781 
16.507 
12,414 

4,639 
662 

0 
2,100 
650 
567 

.4,291 
5,597 
2,338 

720 
903 

m1.594 
866 
968 

4,625 
377 
n 

1,591 
527 
332 

?,174 
22,078 
13,474 
20.630 
15,515 

12,449 
1,778 
1.151 
1,807 

752 
656 

4,786 
2,143 

708 
208 
261 
461 
251 
280 
470 
109 
22 

461 
153 
96 

23,350 
25,558 
15,597 
23,882 
17,960 

11 
2 
0 
5 
2 
1 

10 
13 
6 
2 
2 
4 
2 
2 
4 
I 
0 
4 
I 
I 

49 
53 
32 
50 
37 

4 
I 
0 
2 
I 
0 
3 
4 
2 
I 
I 
I 
I 
I 
I 
0 
0 
1 
0 
0 

16 
17 

. 10 
16 
12 

20 23 
4 3 
3 2 '  
4 3 .  
2 I 
I I 

11 9 
5 4 
2 1 
0 0 
I 0 
I 1 
I 0 
I 1 
1 I 
0 0 '  
0 0 
1 1 
0 0 
0 0 
5 3 -  43 
58 47 
36 29 
54 44 
41 33 

~ I__-...I. .. - -  
,,-,..,,.,,. .- , .XI. ,vi( :.I... ....- <-...,.->I. .,.. . . .  '. I.'.-:.', I -  .I . - - .=I-  , ,  % , '  - .  



Table 2.7. (contd) 

Energy 

Total On-Peak Mid-Peak Off-peak 
ID Description of ERO (kwhfyr) (kWQr) (kwhfyr) (kwhtyr) 

Summer 
Demand 
Summer 

On-Peak Mid-Peak 
(kW-mo) (kW-mo) 

Southwest Side: 
SW-1 Shade Screens - SW side 
SW-2 Shade Screens - SW side 
SW-3 Shade Screens - SW side 
SW-4 Shade Screens - SW side 
SW-5 Shade Screens - SW side 
SW-6 Shade Screens - SW side 
SW-7 Shade Screens - SW side 
SW-8 Shade Screens - SW side 
SW-9 Shade Screens - SW si& 
SW-IO Shade Screens - SW side 
SW-I1 Shade Screens - SW side 
SW-12 Shade Screens - SW side 
SW-13 Shade Screens - SW side 
SW-14 Shade Screens - SW side 
SW-15 Shade Screens - SW side 
SW-16 Shade Screens - SW side 
SW-I7 Shade Screens - SW side 
SW-18 Shade Screens - SW side 
SW-19 Shade Screens - SW side 
SW-20 Shade Screens - SW side 
FHSW-1 Shade Screens - SW Side 
FHSW-2 Shade Screens - SW Side 
FHSW-3 Shade Screens - SW Side 
FH-SW-4 Shade Screens - SW Side 
FH-SW-5 Shade Screens - SW Side 

Northwest Side: 
NW-I Shade Screens - NW Side 
NW-2 Shade Screens - NW Side 
NW-3 Shade Screens - NW Side 
NW-4 Shade Screens - NW Side 
NW5 Shade Screens - NW Si& 
NW-6 Shade Screens - NW Side 
NW-7 Shade Screens - NW Side 
NW-8 Shade Screens - NW Side 
NW-9 Shade Screens - NW Side 
NW-IO Shade Screens - NW Side 
NW-11 Shade Screens - NW Side 
NW-I2 Shade Screens - NW Side 
NW-13 Shade Screens - NW Side 
NW-14 Shade Screens - NW Side 
NW-I5 Shade Screens - NW Side 
NW-I6 Shade Screens - NW Side 
NW-I7 Shade Screens - NW Side 
NW-I8 Shade Screens - NW Side 
NW-I9 Shade Screens - NW Si& 
NW-20 Shade Screens - NW Side 
FH-NW-1 Shade Screens - NW Side 
FH-NW-2 Shade Screens - NW Side 
FH-NW3 Shade Screens - NW Side 
FH-NW-4 Shade Screens - NW Side 
FH-NW-5 Shade Screens - NW Side 

25.004 
3,570 

0' 
4,880 
1.511 
1,318 
9,613 

13,690 
5,487 
1,675 
2,100 
3.705 
2,014 
2,251 
3.770 

876 
179 

3.700 
1,226 

773 
18.901 
20,534 
12,532 
19,188 
14,430 

7,441 
1,063 

0 
2,507 
1,043 

909 
6,884 
2,503 

946 
289 
362 
639 
347 
388 
652 
151 
31 
638 
21 I 
133 

12,948 
14.166 
8,645 

13,237 
9,955 

19.278 
2,753 

0 
3,763 
1,165 
1,016 
7,411 

10,555 
4,230 
1,291 
1,619 

, 2,857 
1.553 
1,736 
2,912 

675 
138 

2,853 
945 
596 

14.573 
15,831 
9,662 

14,794 
11,125 

5,608 
' 801 

0 
1,889 

786 
685 

5,188 
1,886 

713 
218 
273 
482 
262 
293 
491 
114 
23 

481 
159 
100 

9,758 
10,676 
6.515 
9,976 
7,502 

2.38 

3,964 
566 

0 
774 
240 
209 

1,524 
2,171 

870 
266 
333 
587 
319 
357 
599 
139 
28 

587 
194 
I23 

2,997 
3,256 
1,987 
3,042 
2,288 

1,074 
153 

0 
362 
151 
131 
994 
361 
137 
42 
52 
92 
50 
56 
94 
22 
4 
92 
31 
19 

1,869 
2,045 
1,248 
1,911 
1,437 

1,762 
252 

0 
344 
107 
93 
677 
965 
387 
I18 
148 
261 
142 
159 
266 
62 
13 

261 
86 
54 

1.332 
1,447 
883 

1,352 
1,017 

759 
108 

0 
255 
106 
93 

702 
255 
97 
29 
37 
65 
35 
40 
66 
15 
3 
65 
P 
14 

1,321 
1,445 

882 
1,350 
1,016 

148 
21 
0 

29 
9 
8 

57 
81 
32 
10 
12 
22 
12 
13 
22 
5 
I 

22 
7 
5 

112 
121 
74 

113 
85 

43. 
6 
0 

14 
6 
5 

40 
14 
5 

- 2  
2 
4 
2 
2 
4 
1 
0 
4 
I 
I 

75 
02 
50 
76 
57 

i1 
2 
0 
2 
1 
1 
4 
6 
2 
1 
1 
2 
1 
1 
2 
0 
0 
2 
1 
0 
8 
9 
5 
8 
6 

3 
0 
0 
1 
0 
0 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
5 
3 
5 
4 



ID 

Southeast Side: 
SE-I 
SE-2 
SE-3 
SE-4 
SE-5 
SE-6 

SE-8 
SE-7 

SE-9 
SE-10 
SE-I1 
SE-12 
SE-I3 
SE-14 
SE-15 
SE-16 
SE-I7 
SE-18 
SE-19 
SE-20 
FH-SE-1 
FH-SE-2 
FH-SE-3 
FHSE-4 
FHSE-5 

First First First Year Energy and Demand Savings Life Cycle Cost 
COS1 COS1 Life Energy Demand- Energy Demand Tolal 

(wlo rebate) (wl rebate) Expeclancy Savings Savings Savings Savings Savings NFV 
(1994$) (1994$) (Years) (kWh) (kW-mo) (1994$) (1994$) (1994s) (1994s) SIR 

Southwest Side: 
sw-1 
sw-2 
sw-4 
sw-5 
sw-6 
sw-7 
sw-8 
sw-9 
sw-10 
sw-I 1 
sw-I2 
SW-13 
SW-I4 
SW-I5 
SW-16 
SW-17 
sw-18 
sw-I9 
sw-20 
FHSW-1 
FH-SW-2 
FHSW-3 
FHSW-4 
FH-SWd 

32,879 
4,695 
3,040 
4,774 
1,987 
1,733 

12,640 
5,659 
1,871 

551 
690 

1,218 
662 
740 

1,242 
288 
59 

1,216 
403 
254 

61.671 
67,933 
41,196 
63,078 
47,436 

32,879 
4,695 
6,417. 
1,987 
1,733 

12,640 
18,002 
7,215 
2,203 
2,761 
4,872 
2,648 
2,960 
4,967 
1,151 

236 
4,865 
1,612 
1,016 

24,854 
27,001 
16,478 
25,231 
18,975 

27,619 
3,944 
2,554 
4,010 
1.669 
1,456 

10,618 
4,754 
1,572 

463 
580 

1,023 
556 
622 

1,043 
242 
50 

1.022 
338 
213 

51,804 
56,703 
34,604 
52,985 
39,846 

27,619 
3,944 
5,391 
1,669 
1.456 

10,618 
15,121 
6,060 
1,850 
2,319 
4,093 
2,225 
2,486 
4,172 

967 
198 

4,087 
1,354 

a54 
20.877 
22,681 
13,842 
21,194 
15,939 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

57,770 
8,249 
5,341 
8,387 
3.492 
3,046 
22,209 
9,943 
3,288 

968 
1,213 
2,140 
1,163 
1,300 
2,182 

506 
I04 

2,137 
708 
446 

108.358 
118.604 
72,382 

110.829 
83,346 

58.344 
8.331 
3,527 
3,076 

22.430 
31,943 
12,802 
3,909 
4,900 
8,646 
4,700 
5,253 
8,814 
2.043 

419 
8,634 

. 2,860 
1,803 

676 
44,103 
47,913 
29,241 
44,772 
33,670 

2.39 

120 
17 
I1 
17 
7 
6 

46 
21 
7 
2 
3 
4 
2 
3 
5 
I 
0 
4 
I 
I 

225 
246 
150 
230 
173 

369 
53 
72 
22 
19 

I42 
202 
81 
25 
31 
55 
30 
33 
56 
13 
3 
55 
18 
I1 

279 
303 
185 
284 
213 

3,733 
533 
345 
542 
226 
197 

1.435 
642 
212 
63 
78 

138 
75 
84 

141 
33 
7 

138 
46 
29 

7.002 
7,664 
4,677 
7,161 
5,385 

7.053 
1,007 
1,377 

426 
372 

2.712 
3,862 
1,548 

472 
592 

1,045 
568 
w5 

1,066 
247 
51 

1,044 
346 
218 

5,332 
5,792 
3,535 
5,412 
4,070 

1,398 5,130 
2 0 0 7 3 3  
129 474 
203 745 
84 310 . 
74 270. 

537 1,972 
241 883 
8 0 2 9 2  
23 a6 
29 108 
52 190 
28 103 
31 115 
53 194 
12 45 
3 9 

52 190 
17 63 
11 40 

2,622 9.623 
2,869 10,533 
1,751 6,428 
2,681 9,842 
2,016 7,402 

6,664 13,717 
952 1,959 

1,301 2,677 
403 829 
351 723 

2,562 5,274 
3,649 7,510 
1,462 3,010 

446 919 
560 1,152 
988 2,033 
537 1,105 
600 I,% 

1,007 2,072 
2 3 3 4 8 0  
48 98 

986 2,030 
327 672 
206 424 

5.038 10,369 
.5.473 11,265 
3,340 6,875 
5,114 10,526 
3,846 7,916 

26,894 1.97 
3.840 1.97 
2.487 1.97 
3,905 1.97 
1.626 1.97 
1,418 1.97 
10,339 1.97 
4,629 1.97 
1,531 1.97 

' 450 1.97 
565 1.97 
996 1.97 
542 1.97 
605 1.97 

1,016 1.97 
235 1.97 

995 1.97 
330 1.97 
208 1.97 

50.445 1.97 
55,215 1.97 
33,697 1.97 
51,.% 1.97 
38,801 1.97 

48 . 1.97 

174,765 7.33 
24,955 7.33 
34,111 7.33 
10,564 7.33 
9.214 7.33 

67,187 7.33 
95,684 7.33 
38,348 7.33 
11.708 7.33 
14.676 7.33 
25.898 7.33 
14,078 7.33 
15,734 7.33 
26,403 7.33 
6.i20 7.33 
1,254 7.33 

2 5 , w  7.33 
8,568 7.33 
5,402 7.33 

132.108 7.33 
143,521 7.33 
87.588 7.33 

134,112 7.33 
100,856 7.33 



Table 2.7. (contd) 

ID 

Life Cycle Cost First First First Year Energy and Demand Savings 
Cost cost Life Energy Demand Energy Demand Total 

(wlorebate) (w/rebate) Expectancy Savings Savings Savings Savings Savings NFV 
(1994s) (1994$) (Years) (kWh) (kW-mo) (1994$) (1994$) (1994$) (1994$) SIR 

Northwest Side: 
NW-1 
NW-2 
NW-4 
NW5 
NW-6 
NW-7 
NW-8 
NW-9 
N w - I O  
NW-1 I 
NW-12 
NW-13 
NW-I4 
NW-I5 
NW-I6 
NW-17 
NW-18 
NW-I9 
NW-20 
FH-NW-1 
FH-NW-2 
FH-NW3 
FH-NW-4 
FH-NW-5 

SubTolals: 
Commercial: 
Northeast: 
Southeast: 
Southwest: . 
Northwest: 

Family Housing: 
Northeast: 
Southeast: 
Southwest: 

14.183 
2,025 
4.778 
1,987 
1,733 

13,120 
4.771 
1,804 

551 
690 

1,218 
662 
740 

1.242 
288 
59 

1.216 
403 
254 

24.679 
27.001 
16,478 
25,231 
18,975 

0 
76,602 

114,862 
51,725 

0 
280,884 
112.539 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
64.346 
96.484 

NA 

NA 
235,942 
94,533 

10 17,363 I07 
10 2,479 15 
10 5,849 35 
10 2,433 15 
10 2.122 13 
10 16.062 99 
10 5,841 36 
10 2,208 14 
10 674 4 
10 845 5 
10 1,491 9 
10 81 I 5 
10 906 6 
10 1.520 9 
10 352 2 
10 72 0 
10 1.489 9 
10 493 3 
10 31 I 2 
10 30,211 186 
10 33.054 204 
10 20.172 124 
10 30,887 190 
10 23.228 143 

2,063 
295 
695 
289 
252 , 

1,909 
694 
262 
80 

100 
177 
96 

108 
181 
42 
9 

I77 
9 
37 

3,590 
3,928 
2,397 
3,671 
2.760 

1,937 4,001 
277 571 
653 1,348 
271 561 
237 489 

1,792 3,701 
652 1,346 
246 509 
75 155 
94 195 

166 344 
90 187 

I01 209 
170 350 
39 81 
a 17 

166 343 
55 114 
35 72 

3,371 6,961 
3,688 7,616 
2,251 4,648 
3,447 7,117 
2,592 5,352 

40,117 
5.728 

13,513 
5,622 
4,903 

37,110 
13.495 
5,102 
1,558 
1,952 
3,445 
1,873 
2,093 
3,512 

814 
167 

3,440 
1,140 

719 
69,803 
76,372 
46.608 
71,365 
53,668 

3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 

0 0 0 0 0 O N A  
134,592 280 8,697 3,256 ' 11,953 62,658 1.97 
193,108 1,291 24,639 23,281 47,920 610,530 7.33 
63,320 . 390 7,525 7,066 14,590 146,301 3.83 

0 0 0 0 0 O N A  
493,519 1,025 31,889 11,940 43,828 229,754 1.97 
199,699 1,265 24.141 22.810 46.951 598.185 7.33 

Northwest: 1121364 NA 137,554 848 16&6 15I349 31:695 317:816 3.83 
TOTAL. 748,976 655,394 1,221,792 5,098 113.237 83.701 196.938 1,965,245 4.00 

2.40 



Table 2.8. Double Pane Window EROs 

tnergy Demand 
Summer Summer 

LPG Tolal On-Peak Mid-Peak Mt -Peak On-Peak Mid-Peak 
ID Building Description (MBLdyr) (kwhlyr) (kwhlyr) (kWhEyr) (kwhfyr) (kW-mo) (kW-mo) 

DPW-I 
DPW-2 
DPW3 
DPW-4 
DPWd 
DPW-6 
DPW-7 
DPW-8 
DPW-9 
DPW-10 
DPW-I1 
DPW-I2 
DPW-I3 
DPW-14 

DPW-16 
DPW-17 
DPW-18 
DPW-I9 
DPW-20 

DPW-I5 

. tnergy Demand 
Summer Summer 

LPG Total Un-Peak Mid-Peak 0ff-P e a k  On-Peak M id-Peak 

Double-paned windows 
Double-paned windows 
Double-paned windows 
Doublepaned windows 
Double-paned windows 
Doublepaned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Doublepaned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Double-paned windows 
Doubleoaned windows 

ID Description of ERO (MBtuEyr) ( kWh/yr) (kWwr) (kWwr) (kwhkyr) ( kW-mo) (kWmo) -, 

DPW-21 D o u b l G n e d  windows 
DPW-22 Double-paned windows 
DPW-23 Double-paned windows . 
DPW-24 Doublepaned windows 
DPW-25 Double-paned windows 

664 76,496 
95 10,923 
21 2.471 
158 18,197 
56 6.461 
49 5,635 

363 41,871 
321 37,015 
127 14,658 
39 4,475 
49 5,610 
86 9,899 
47 5,381 
52 9,692 
88 10,092 

86 9,886 
? 2% 

28 3,275 
21 1.766 

14,953 
2,135 

483 
3.557 
1,263 
1,102 
8,185 
7,236 

1,097 
1,935 
1,052 
1,176 
1,973 
457 
94 

1,932 
640 

2*E 

404 
324 72:410 27,466 
355 79,162 30,027 
216 48,311 18,325 
335 74,885 28,405 
249 55,629 21,101 

2.41 

18,352 
2,620 
'593 

4,365 
1,550 
1,352 
10,045 
8,880 
3,517 
1,074 
1,346 
2,375 
1,291 
1.443 
2,421 

561 
115 

2,372 
786 
495 

33,708 
36,851 
22,490 
34,860 
25,896 

(773 7 I 
401 I 0 

. 2,954 I1 2 
1,049 4 1 

915 3 I 
6,798 25 5 
6,010 22 5 
2,380 9 2 

727 . 3 I 
911 3 I 

1,607 6 I 
874 3 I 
976 4 1 

1,639 
380 
78 

335 
11,236. 
12,284 
7,497 

11,620 
8,W 

6 
1 
0 
6 
2 
I 

53 
58 
35 
54 
40 

I 
0 
0 
I 
0 
0 
23 
25 
15 
23 
17 



Table 2.8. (contd) 

Material Installation First Year Energy and Deman Savings 
First Labor Life Energy Savings Demand Energy Demand Total 
cost Cost Expectancy tlectric LPG Savings Savings Savings Savings 

ID (1994s) (1994f) (Years) (kWh) (MBIu) (kWmo) (1994$) (1994s) (1994$) 

Life Cycle Cost 

(1994$) SIR 
NW 

DPW-I 
DPW-2 
DPW-3 
DPW-4 
DPW-5 
DPW-6 
DPW-7 
DPW-8 
DPW-9 
DPW-IO 
DPW-11 
DPW-I2 
DPW-13 
DPW-I4 
DPW-15 
DPW-I6 
DPW-17 
DPW-18 
DPW-19 
DPW-20 
DPW-21 
DPW-22 
DPW-23 
DPW-24 
DPW-25 

150,600 
21,504 
4.864 

35.824 
12 .m 
I 1,094 
82,434 
72,872 
28,859 
8,811 

11,044 
19.489 
10,594 
I 1,840 
19,869 
4,605 

944 
19,462 
6,447 
4,065 

276.619 
302.413 
184,557 
286,076 
212.514 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

30,598 
4,369 

988 
7,279 
2,584 
2,254 

16,749 
14,806 
5.w 
1,790 
2.244 
3,960 
2,152 
3,877 
4.037 

936 
192 

3,954 
1,310 

707 
28,964 
31,665 
19,324 
29,954 
22,252 

373 139 3,586 2,254 5,840 
53 20 512 322 834 
12 4 116 73 189 
89 33 853 536 1,389 
32 12 303 190 493 
27 10 264 166 430 

204 76 1.963 1,234 3.197 
180 67 1,735 1,091 2,826 
71 27 687 432 1,119 
22 8 210 132 342 
27 10 263 165 428 
48 18 464 292 756 
26 10 252 159 411 
29 I1 278 176 454 

I 1  4 I10 69 179 
2 I 22 14 37 

48 18 463 291 755 
16 6 154 97 250 
12 4 107 61 168 

130 30 3.326 425 3,751 
I42 33 3,636 464 4,100 
87 20 2,219 283 2,502 

134 31 .3,439 439 3,879 
loo 23 2,555 326 2,881 

49 l a  473 297 ni 

(219,450) 0.31 
(31,335) 0.31 
(7.086) 0.31 

(52,202) 0.31 
(18,535) 0.31 
(16,165) 0.31 

(120,120) 0.31 
(106,187) 0.31 
(42.052) 0.31 
(12,838) 0.31 
(16.094) 0.31 
(28.399) 0.31 
(15.437) 0.31 
(17,342) 0.31 
(28,952) 0.31 
(6,711) 0.31 
(1,375) 0.31 

(28,359) 0.31 
(9.395) 0.31 
(5,741) 0.34 

(246,610) 0.21 

(164,535) 0.21 
(255,041) 0.21 

(269,606) 0.21 

(189,460) 0.21 

2.42 



Table 2.9. (contd) 

tirst Year tnergy and Uemand Savings Lite L;ycle GOSI 
Uemand tnergy Uemand I otai First Installation Life tnergy Savings 

cos1 cost Savings Savings Savings Savings NW 
ID (1994 $) (1994 $) 

WTH-I 
WTH-2 
WTH-3 
WTHd 
WTHd 

WTH-7 

WTH-9 
WTH-IO 
WTH-I I 
WTH-I2 
WTH-I3 
WTH-I4 
WTH-I5 , 
WTH-I6 
WTH-I7 
WTH-I8 
WTH-I9 
WTH-20 
WTH-21 
WTH-22 
WTH-23 
WTH-24 

WTH-6 

WTH-8 

Tot a Is : 
Commercial: 
Fam. Hsg.: 

"p""jv Years I (t!& (kW-mo) (1994s) (1994s) (1994s) (1994s) SIR 
7,164 
1,736 
1,897 
2,538 
2,048 
3,806 
3,038 
9,096 
2,221 

471 
2,924 

624 
593 

2,019 
636 
602 

1,031 
1,557 

936 
16,295 
12,486 
6,732 
8,604 
6,878 

44,937 
50.994 

21,341 
3,594 
2.298 
7,840 
3,039 
5,815 

10,600 
16,521 
5,114 
1,340 
6,007 
2,108 
1,725 
3,759 
1,170 

764 
3,749 
2,523 
1,543 

43,664 
42,121 
24,770 
36,466 
27,602 

100,852 
174,623 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
2.5 
25 
25 
25 
25 
25 
25 
25 

. 25 
25 
25 

226,425 
60,380 
3,759 

64,706 
34,248 
47,339 

161,887 
288,914 
119,333 
13,686 
88,083 
10,696 
7,357 

32,098 
9,837 
1,524 

31,440 
13,020 
16,419 

285.139 
31 1,729 
190,242 
117,955 
87.624 

1.231,150 
992,689 

2.44 

659 
I76 
I1 

188 
100 
138 
471 
841 
347 
40 

256 
31 
21 
93 
29 
4 

92 
38 
48 

830 
907 
554 
343 
255 

3.583 
2,889 

940 
251 
16 

269 
142 
197 
672 

1,200 
496 
57 
366 
44 
31 

133 
41 
6 

131 
54 
68 

1,184 
1,295 

790 
490 
364 

5,113 
4,123 

24,035 
6,409 

399 
6 , m  
3,635 
5,025 

17.184 
30.668 
12,667 
1,453 
9,350 
1,135 

781 
3,407 
1,044 

162 
3,337 
1.382 
1,743 
30,268 
33,090 
20,194 
12,521 
9,301 

130,687 
105,374 

13,284 
3,542 

221 
3,796 
2,009 

.2 ,m 
9,498 

16,950 
7.001 
803 

5.168 
628 
432 

1,883 
577 
89 

1,845 
764 
963 

16,728 
18,288 
11,161 
6,920 
5.141 

72,229 
58,239 

37,319 
9,952 

620 
10,665 
5,645 
7,802 

26,682 
47,618 
19,668 
2,256 

14,518 
I ,763 
1,213 
5,290 
1,621 

251 
5,182 
2,146 
2,706 
46.996 
51,378 
31,355 
19,441 
14.442 

202,915 
163,613 

614,151 
166,045 

6,474 
173.276 
92,117 

124,741 
445,841 
794,401 
331,363 
37,033 

241,072 
27,627 
18,563 
85,324 
26,113 
2,960 

84,456 
32,873 
44,122 

749,345 
830,164 
508,458- 
289.719 
214,222 

3,348,555 
2,591,907 

22.55 
32.15 
2.54 

17.70 
19.11 
13.97 
33.69 
32.01 
46.17 
21.45 
27.99 
11.11 
9.01 

15.77 
15.46 
3.17 

18.67 
9.06 

18.79 
13.50 
16.20 
17.i4 
7.43 
7.21 

23.97 
12.49 



Table 2.9. Weatherization EROs 

Energy 

LPG Total On-Peak Mid-Peak Off-peak 
Summer 

Demand 
Summer 

O*Peak M id-Peak 

U Shaped Bldgs: Barrads 
U Shaped Bldgs: Other 
Conaete Blodc WISE win only 
Conaete Blodc Barradts 
Conaete Blodc Misc-pre 1980 
Conaete Blodc Misc-post 1980 
Metal Siding 
Masonite Siding: pre 1950 
Masonite Siding: post 1950 
Wood Siding 
ADMIN: MlSC pre 1964 
ADMIN: MlSC posi 1964 
BWADM MlSC 
DINING: MSlC . 
MOTORPOOL 
M W R  
SHOP 
TRAINING 
WHS 
Fam. Hsg. - 1961 Vintage 
Fam. Hsg. - 1963 Vintage 
Fam. Hsg. - 1964-66Vintage 
Farn. Hsg. - j983 Vinkge 
Fam. Hsg. - 1984 Vintage 

ID Building Desaiption 
791 
21 1 
16 

282 
150 
207 
565 

1.009 
417 
48 
308 
47 
32 

140 
43 
7 

137 
57 
72 
996 

1,089 
664 
51 5 
383 

(MBtulyr) (kWh/yr) (kWh/yr) (kwhlyr) (kwtu'yr) (kW-mo) (kW-mo) 
271,710 
72,456 
5.633 

97.060 
51,372 
71,009 

194,264 
346,697 
143,199 
16,423 

105,699 
16,045 
11,035 
48,146 
14,755 
2.286 

47,160 
19,529 
24,628 

342,167 
374,074 
228,290 
176,933 
131.436 

Energy 

LPG Total ' 0 nPeak Mid-Peak Off-peak 
ID Desaiption of ERO (MBtulyr) (kWr) (kWWr) (kW) (kWh/yr) 

Summer 

103,062 
27,483 
2.139 

36,816 
19.486 
26,934 
73,686 

131,506 
54,317 
6,229 

40,093 
6,086 
4,186 

18,262 
5,597 

867 
17,888 
7,408 
9,342 

129,787 
141,890 . 
86,593 
67,112 
49,855 

Demand 
Summer 

On-Peak M id-Peak 
(kW-mo) (kW-mo) 

126,486 
33,729 
2625 

45,183 
23,914 
33,056 
90,433 

161,394 
66,662 
7,645 

49,205 
7,469 
5,137 

22.41 3 
6.869 
1,061 

21,954 
9,091 

11,465 
159,285 
174,138 
106,273 
82365 
61,186 

42,162 
11,243 

. 875 
15,061 
7.971 

11,019 
30.144 
53.798 
22,221 
2,548 

16,402 
2.490 
1,712 
7,471 
2,290 
355 

7,318 
3,030 
3,822 
53,095 
58,046 
35,424 
27.455 ' 

20,395 

790 339 
21 1 90 
16 7 

282 121 
149 64 
206 89 
565 242 

1008 432 
41 6 178 
48 20 

307 132 
47 20 
32 14 

140 60 
43 18 
7 3 

137 59 
57 24 
72 31 

995 426 
1087 466 
664 285 
51 4 221 
382 164 

Weatherization 
Weatherization 
Weatherization. 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization - 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 
Weatherization 

132 
35 
5 

94 
50 
69 
94 

168 
69 
8 

51 
16 
11 
47 
14 
2 

46 
19 
24 

166 
.181 
111 
172 
128 

45,285 
12,076 
1,879 

32,353 
17,124 
23,670 
32377 
57,783 
23,@7 
2,737 

17,617 
5,348 
3,678 

16,049 
4,918 

762 
15,720 
6.510 
8,209 

57,028 
62.346 ww 
58,978 
43.812 

17,177 
4,581 

71 3 
12.272 
6,495 
8,978 

' 12281 
21,918 
9,053 
1,038 
6,682 
2,029 
1,395 
6,087 
1,866 

289 
5,963 
2,469 
3.1 14 

21.631 
23.648 
14.432 
22,371 
16.618 

21,081 
5,622 

875 
15,061 
7,971 

11.019 
15,072 
26,899 
11,110 
1,274 
8,201 
2,490 
1,712 
7,471 
2290 

355 
7,318 
3,030 
3,822 

26,547 
29,023 
17,712 
27.455 
20,395 

7,027 
1,874 

292 
5.020 
2,657 
3.673 
5.024 
8,966 
3,703 

425 
2,734 
830 
571 

2,490 
763 
118 

2,439 
1,010 
1,274 
8,849 
9.674 
5,904 
9.152 
6.798 

1 32 
35 
5 

94 
50 
69 
94 

168 
69 
8 

51 
16 
11 
47 
14 
2 

46 
19 
24 

166 
181 
111 
171 
1 27 

56 
15 
2 

40 
21 
30 
40 
72 
30 
3 

22 
7 
5 

20 
6 
1 
20 
8 

10 
71 
78 
47 
74 
55 

2.43 



2.5 FEDS Service Hot Water EROs 

Level-2 analyzes a wide range of possible service hot water heating options. Many of these are varia- 
tions of similar EROs with different existing and retrofit fuel possibilities. Therefore, the EROs are 
grouped together by major option to avoid repetitive descriptions and assumptions. The Level-2 software 
analyzes all the possible combinations of replacements and equipment/efficiency upgrades and chooses the 
most life-cycle cost-effective combination of options for each building set. 

2.5.1 Replace Existing (Electric, Natural Gas, Oil, or LPG) Service Hot Water Systems 
. .  

Description 

This ERO pertains to replacing existing (electric, natural gas, oil, or LPG) service hot water systems 

Fuel switching alternatives are only considered when the fuel is available to the building set. This ERO 
also evaluates adding a heat trap to the retrofit for further energy savings. 

, with new efficient or high-efficiency service hot waters fueled by electricity, natural gas, oil, or LPG. 

Assumptions 

Technical assumptions are as follows: 

FEDS calculates existing hot water system size, age, efficiency, and fuel consumption based on informa- 
tion developed in the Level-2 input file for the building set. These calculated (default) values can be 
changed if the actual information is known. 

Retrofit hot water system fuel availability, fuel consumption, size, and installed cost are also determined 
based on information developed in the Level-;! input file for the building set. 

Retrofit service hot water efficiencies are as follows: 

electric service hot water - 
electric service hot water - 
oil service hot water heater - 
natural gas service hot water heater - 
natural gas service hot water heater - 
natural gas service hot water heater - 
natural gas service hot water heater - 
LPG service hot water heater - 
LPG service hot water heater - 
LPG service hot water heater - 
LPG service hot water heater - 

98.0% 
98.0% 
80.0% 
76.0% 
80.0% 
85.0% 
94.0% 
76.0% 
80.0% 
85.0% 
94.0% 
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The complete quantitative results, including energy, installed cost, and NPV, can be found in Table 
2.10. 

2.5.2 Replace Existing HTHW Heat Exchanger Service Hot Water Systems 

Description 

This ERO pertains to replacing existing HTHW service hot water systems (HTHW distribution and heat 
exchanger) with new conventional or high-efficiency boilers fueled by oil, natural gas, or LPG. Fuel 
switching alternatives are only considered when the fuel is available to the building set. 

Assumptions 

Technical assumptions are as follows: 

FEDS calculates existing heat exchanger size, age, efficiency, and fuel consumption based on informa- 
tion developed in the Level-2 input file for the building set. These calculated (default) values can be 
changed if the actual information is known. 

Retrofit boiler fuel availability, fuel consumption, efficiency, size, and installed cost are also determined 
based on information developed in the Level-2 input file for the building set. 

Retrofit boiler efficiencies are given by the following equations: 

conventional gas boiler efficiency = 0.871-1.835*(130iler Cap.) 
pulse-condensing gas boiler efficiency = 0.871-1.83-3*(Boiler Cap.)+O.O8 
conventional LPG boiler efficiency = 0.871-1.835*(Boiler Cap.) 
pulsecondensing LPG boiler efficiency = 0.871-1.835*(Boiler Cap.)+O.O8 
conventional oil boiler efficiency = 0.891-1.83-3*(130iler Cap.) 

The complete quantitative results, including energy, installed cost, and NPV, can be found in Table 
2.10. 

2.5.3 Service Hot Water System Upgrade 

Description 

Depending on existing equipment condition, equipment upgrade rather than replacement may be more 
cost-effective. This ERO evaluates the following upgrades: insulate existing hot water tank, insulate pip- 
ing near water heater, decrease water heater temperature (only examined for certain building types), and 
install low-flow shower heads and faucet aerators where applicable. All of these possible upgrades can be 
combined with any of the water heater replacement options above. The Level-2 software analyzes each 
possible replacement and upgrade and chooses the most life-cycle cost-effective combination of options for 
each building set. 
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Assumptions 

Technical assumptions are as follows: 

FEDS calculates existing hot water system size, age, efficiency, and fuel consumption basedon informa- 
tion developed in the Level-2 input file for the building set. These calculated (default) values can be 
changed if the actual information is known. 

Hot water system upgrade fuel consumption, equipment size, and installed cost are also determined 
based on information developed in the Level-2 input file for the building set. 

The complete quantitative results, including energy, installed cost, and NPV, can be found in Table 
2.10. 
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Table 2.10. FEDS Service Hot Water EROs 

ADMINISTRATION-01 
ADMINISTRATION-01 

ADMINISTRATION43a 
ADMINISTRATION.04 
ADMINISTRATION46 
ADMINISTRATION.06a 
ADMINISTRATION47a 

ADMINISTRATION.03 

ADMINISTRATION.08 
ADMINISTRATION-O(I 
BARRACKS01 
BARRACKS02 
BARRACKS03 
BARRACKS04 
BARRACKS04 
BARRACKS05 
BARRACKS& 
BARRACKS07 
CHAPEL-01 
CHAPEL42 
CLINIC02 
CLUBS01 
CLUBS03 
COMMISSARIES 
DINING HALLS01 
DINING HALLS03 
DINING HALLS04 
DINING HALLSOG 
ELECTRONICS03 

Elecbic SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Hol Water Cenbd Hxer 
Elecbic SHW Healer 
Propane SHW Healer 
Propane Cenbal Boiler 
Propane Cenbal Boiler 
Hot Waler Cenbd Hxer 
Propane Cenbal Boiler 
Propane Cenbd Boiler 
Propane Cenbal Boiler 
Hot Waler Cenbd Hxer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Propane Cenbal Boiler 
Propane Cenbal Boiler 
Elecbic SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
Hol Waler Cenbd Hxer 
Propane SHW Healer 

EXCHANGE FACILlTlESOl Elecbic SHW Healer 
EXCHANGE FACILITIES02 ElecUc SHW Healer 
EXCHANGE FACILITIES03 Propare Cenbd Baler 
EXCHANGE FACILITIES03 Propane SHW Healer 
EXCHANGE FACILITIES04 Elecbic Cenbd Boiler 
FH-3 OR MORE41 Propane SHW Healer 
FK3 OR MORE-02 Propane SHW Healer 
FK3 OR MORE-03 Propane SHW Healer 
FHDETACHEDOl Propane SHW Healer 
FHDETACHED43 Propane SHW Healer 
FKDUFi.EX-01 Propme SHW Healer 
FKDUFi.EX-02 Ropm SHW Healer 
FKDUpLEX-03 Propane SHW Healer 
GUEST HOUSES01 Elecbic SHW Healer 
GUEST HOUSES02 Elecbic SHW Healer 
HOSPITAL Propane Cenbal Baler 

0.76 LPG WH (COM), Ins. Ptpe, LFSHs. Aerators, LOWW Tank Temp. 
Wrap Old LPG Tank, Ins Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old LPG Tank. Ins. Pipe, LFSHs, Aer., Lower Txlk Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer.. Lower Tank Temp 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, AH., Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, Aer., Lower Tank Temp. 
Wrap Old LPG Tank. Ins. Pipe, LFSHs, AM.. Lower Tank Temp. 
L f f i  Rlse Conden. Boiler, Wrap Tank wrlndab’on, LFSHs, Awalws 
Wrap Old Elc Tank, Ins. Pipe. LFSHs. Aer., Lower Tank Temp. 
Wrap Old LPG Tank wl Ins., Ins. Pipe, LFSHs. Aeralors 
LPG Rlse Conden. Boiler, Wrap Tank wndab’on. LFSHs, Aeralws 
L f f i  W r q  Tank wl Innlab’on. LFSHs. Aeralors 
LPG R l s e  Conden. Boiler. Wrap Tank wndab’on, LFSHs, Aeralws 
LPG: Wrap Txlk wl Insrfab’on. LFSHs. Aeralors 
LPG R l s e  conden. Boiler, Wrap Tank wAdab’on, LFSHs, Aerators 
LPG: Wrap Tank wl Imrlab’on. LFSHs. Aeralm 
LPG Rlse Conden. Boiler, Wrap Tank wndab’on, LFSHs, Aeralws 
Wrap Old LPG Tak, Ins. Pipe, LFSHs, AK., Lower Txlk Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old LPG T;nk wl Ins., Ins. Pipe, LFSHs, Aeralws 
Wrap OldLPG Tank. Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
Lff i .  Wrap Tank wl Imrlalon, LFSHs. Aerators 
Lff i :  Wrap Tank wl Imrlab’on, LFSHs, Aeralors 
Wrap Old Elc Tank, Ins. Pipe, LFSHs. AM., Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, AH.. Lower Tank Temp. 
LPG Rlse cp”d”. Boiler. Wrap Tank wndab’on. LFSHs, Aeralws 
Wrap Old LPG Tank. Ins. Pipe, LFSHs. AK.. Lower Tank Temp. 
Wrap Old Oc Tank, Ins. Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old Elc Tank, Ins. Pipe, LFSHs, Aer., Lower.Tank limp. 
LPG: Wrap Tat-& wl Imrlab’at. LFSHs, Aeralors 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, Aer., Lower Tank Temp. 
Elecbic Boilec: Wrap Tar& wl Imdab’on, LFSHs. Aerators 
Wrap Old LPG T a k ,  Ins. Pipe, LFSHs, Aer., Lower Tank Temp. 
0.85 LPG WH (RES), Ins. Pipe. LFSHS. Aeralws, Low8 Tank Temp. 
Wrap OldLPG Tank. Ins. Pipe, LFSHs, Aer.. Lower Tank Temp. 
Wrap Old LPG Tank. Ins. Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old LPG Tank. Ins. Pipe, LFSHs. Aer.. Lower Tank Temp. 
Wrap Old LPG Tak. Ins. Pipe, LFSHs. AH.. Lower Tank Temp. 
0.85 LPG WH (RES), Ins. Pipe, LFSHs. Aeralots. Lower Tank Temp. 
Wrap Old LPG Tank. Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
0.76 LPGWH (RES), Ins. Pipe, LFSHs. Awalws. Lower Tank Tenp. 
0.76 LPG WH (RES), Ins. Pipe, LFSHs. Awalws. Lower Tank Temp. 
LPG Rlse Conden. Baler. Wrap Tank wflnadab’on. LFSHs. Awalws 

0 38 
1.12 
6.92 
0.17 
0.38 
0 74 
0.44 
1.21 

3.53 
0.62 

32 
2 
1 
2 
1 
9 
9 

0.75 
1.25 

2 
0 07 

1 
1 

8.16 
17.5 

16.36 
1 

0.38 
0.15 
0.64 
0.75 
0.31 

1 
86.4 
300 

141.6 
116.8 

81 
172 8 
20.8 

187.2 
6 
6 
1 

,2 

1 
0.75 
0.75 
0 75 
0.75 
0.75 
0.75 
0.75 

1 
1 

0.75 
0.8044 

1 
0 8491 
0.8635 
0.8485 

1 
0.75 
0.75 
0.75 
0.75 

0.8628 
0.8576 

1 
0.75 
0.75 

1 
0.75 

1 
1 

0.7628 
0.75 
I 

0.75 
0.75 
0.77 
0.75 
0.77 
0.75 
0.75 
0.77 

1 
1 

0.7849 

0.774 

076 Elecbidty Propane 
0.75 Propane Propane 
0.75 Propane Propane 
0.75 Propane Propane 
075 Propane Propane 
0.75 Propane Propane 
0.75 Propane . Propane 
0.75 Propane Propane 

0.9582 Gen. Hot Wb. Propane 

075 Propane Propane 
0.9583 Propane Propane 
0.774 Propane Propane 

0.9582 Gen. Hot Wb. Propane 
0.8491 Propane Propane 
0.9583 Propane Propane 
0.8485 Propane Propane 
0.9582 Gen. Hot Wb. Propane 

0.75 Propane Propane 
0.75 Propane Propane 
0.75 Propane Propane 
0.75 Propare Propane 

0.8628 Propare Propane 
0.8576 Propane Propane 

0.75 Propane Propane 
0.75 Propane Propane 

0 9581 Gen. Hol Wb. Propane 

1 Elecbiciiy Elecbicity 

1 Elecbicity Elecbiciiy 

0.75 Propane 
1 Elecbicity 
1 Elecbidty 

0.7628 Propane 
0.75 Propane 

0.75 Propane 
0.85 Ropane 
0.77 Propane 
0.75 Propane 
0.77 Propane 
0.75 Propane 
085 Propane 
0.77 Propane 
0.76 Elecbiaty 
0.76 Elecbidty 

1 Elecbicily 

09577 Roprne 

Propane 
Elecbiuty 
Elecbidty 
Propane 
Propane 
Elecbicity 
Propane 
Propane 
Propane 
Propane 
Propane 
Ropwe 
Propane 
Ropane 
Propane 
Ropane 
Ropane 

1 
19 

126 
2 
6 

10 
6 
9 

79 
38 
19 

2.000 
204 
127 
329 
41 

314 
768 

9 
18 
28 

1 
369 
197 
44 

202 
186 
186 

8 
1 
4 

45 
5 

14 
1,874 
7,917 
3.618 
1.m 
668 

6.234 
1.132 

10.311 
.9 
-5 

567 

0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
6 
7 
0 

222 
99 

675 
16 
39 
65 
41 

109 
1.375 

418 
102 

9.749 
1.563 
2.227 
3.940 

482 
4,450 

19,960 
66 

106 
223 

7 
508 
231 
676 

1,439 
1.328 
2.305 

33 
18 
57 
52 
27 

119 
13,034 
18.926 
20,856 
15.098 
9,477 

17.038 
5,654 

18.797 
1.493 

279 
5.716 

808 
268 

2.893 
52 

141 
241 
141 
196 

48.893 
7.564 

426 
172,520 
10,991 
35,894 
34.423 

4,236 
32.845 

384.533 
211 
409 
644 
23 

38.578 
20.605 

5.037 
4,645 
4.283 

53,399 
186 
176 
526 

2.021 
150 

6.268 
43,113 
38,194 

115,251 
39,816 
21.272 

143,436 
26.040 

328.507 
8.349 
1.704 

37.700 

150 
95 

633 
11 
31 
53 
31 
43 

2,839 
1,219 

93 
11.704 
1,111 
3,199 
1,999 

246 
1.907 

22,330 
46 
90 

141 
5 

2,240 
1,197 

933 
1,017 

938 
3,101 

41 
33 
97 

238 
28 

364 
9,441 

39.378 
18.568 
8.719 
3.427 

31,409 
5.702 

52,926 
1.546 
1.757 
3.181 

586 36 
169 2.7 

2.217 4.3 
36 3 2  

103 37  
176 3 7  
100 3 4  
87 1.8 

47.518 35.6 
7.146 18.1 

324 4 2  
162,771 17.7 

9.427 7.0 
33.667 16.1 
30.483 8 7  
3.754 8.8 

28.395 7.4 
364.573 19.3 

146 3.2 
304 3 9  
421 2.9 

16 3.3 
38,070 759 
20,374 89.3 
4,361 7.5 
3.206 3 2  
2.954 3.2 

51.093 232 
153 5 7  
158 9.9 
469 9 2  

123 5.5 
6.150 52.7 

30.079 3.3 
19.267 2 0  
94.395 5.5 
24.718 2.6 
11.795 2.2 

126.398 8.4 
20.386 46 

309,710 17.5 
6.855 5.6 
1,425 6.1 

31.984 6 6  

1.969 38.8 



Table 2.10. (contd) 

LABS01 
LABSOZ 
MILITARY OTHER-01 
MILITARY OTHER-03 
MILITARY OTHER-04 
MILITARY OTHER.05 
MWRM 
MWR43 
MWR-04 
MWR.04 
MWR-05 
MWRGa 
MWR.06 

RECREATION.02 
MwR.07. 

’ RECREATION44 
SCHOOVTRAlNlNGOI 
SCHMRAINING02 

\o SCHOOVTRAINING03 
SECURIM-02 
SHOPS02 
SHOPS03 
SHOPS04 
SHOPS05 
WAREHOUSE45 
WAREHOUSE46 
WAREHOUSE47 

WAREHOUSE48 
WAREHOUSE49 

WAREHOUSE-08 

WAREHOUSE-12 
TOTALS: 

Propane SHW Healer 
Propane SHW Healer 
flecbic SHW Healer 
flecbic SHW Healer 
Propane SHW Healer 
Propane Cenbd Boiler 
flecbic SHW Healer 
Propane SHW Healer 
Propane Cenbal Boiler 
Propane SHW Healer 
Propane Cenbal Boiler 
Propane SHW Healer 
Propane Cenbal Boiler 
Propane SHW Healer 
Propane SHW Healer 
Propane Cenbal Boiler 
flecbic SHW Healer 
flecbic SHW Healer 
Propane SHW Healer 
flecbic SHW Healer 
flecbic SHW Healer 
Propane SHWHealer 
Propane SHW Healer 
Propane SHW Healer 
Propane SHW Healer 
flecbic SHW Healer 
Propane SHW Healer 
Propane Cenbd Boiler 
Propane SHW Healer 
Elecbic SHW Healer 
Propane SHW Healer 

Wrap Old LPG Taik wl Ins.. Ins. Pipe, LFSHs.Aeralors 
Wrap Cid LPG Tank wl Ins., Ins. Pipe. LFSHs. Aerators 
Replace bisling Waler Healer wl a 0.76 LPG Waler Healer (COM) 
Wrap Old flc Tank, Ins. Pipe. LFSHs, AH.. Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
LPG: Wrap Tank wl Innlation. LFSHs. Aerators 
Wrap Old Elc Tank, Ins. Pipe, LFSHs, Aer.. Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
LPG Wse Conden. Boiler, Wrap Tank wWaSon, LFSHs. Aerators 
Wrap Old LPG Tank, Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
LPG Rlse Conden. Boiler, Wrap Tank wnnnlalion, LFSHs, Awalors 
Wrap Old LPG Tank. Ins. Pipe, LFSHs. Aer., Lower Tank Temp. 
LPG R l s e  Conden. Boiler. Wrap T a d  wllndalion. LFSHs. Aeralm 
Wrap Old LPG Tank wl Ins., Ins. Pipe. LFSHs. Aeralors 
Wrap Old LPG Tank. Ins. Pipe, LFSHs, Aer., Lower Tank Temp. 
L f f i  W r q  Tank wl Innlalion, LFSHs, Aeralm 
Wrap Old Elc Tank. Ins. Pipe, LFSHs, Aer.. Lower Tank Temp. 
Wrap Old flc Tank, Ins. Pipe. LFSHs, Aer., Lower Tank Temp. 
Wrap Old LPG Ttrk, Ins. Pipe, LFSHs, AM., Lower Tank Temp. 
0.76 LPG WH (COM), Im. Pipe, LFSHs. Aeralm, Lower Tmk Temp. 
Wrap Old flc Tank. Ins. Pipe, LFSHs, Aer., Lower Tank Temp. 
Wrap Old Lffi Tank, Im. Pipe, LFSHs, Aer.. Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, AM.. Lower Tank Temp. 
Wrap Old LPG T& wl Indalion snd lnnlale Pipe Nea Tank 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, Aer.. Lower Tank Temp. 
Wrap Old flc Tank, Ins. Pipe, LFSHs, AH., Lower Tank Temp. 
Wrap Old LPG T&, Ins. Pipe. LFSHs, Aer., Lower Tank Temp. 
LPG: Wrap Tank wl Innlalion, LFSHs. Aeralws 
Wrap Old LPG Tank, Ins. Pipe, LFSHs, Aer,, Lower Tank Temp. 
0.76 LPG WH (COM), Ins. Pipe, LFSHs, Aeralm, Lower Tank Temp. 
Wrap Old LPG Tank, Ins. Pipe. LFSHs, Aer., Lower Tank T w .  

0.2 
0.1 1 
0.18 
0.08 
0.5 
8 
2 

1.25 
2 

1.12 
1 

0.5 
1 

0.38 
1.25 

1 
0.5 

1.12 
3.92 

1 
0.33 

31.25 
1 
4 

4.79 
1 

0.75 
I 

05 
0.08 
0.5 

(a) Nunber of unit0 fw SHW rebolls Is pwaled lo a s v d  slandad sizes srd hefore  wi i  not renecl Ihe a c b l  nunber of SHW healers. 

0.75 
0.75 

1 
1 

0.75 

1 
0.75 

0.8043 
0.75 

0.7747 
0.75 

0.8413 
0.75 
0.75 

0.8508 
1 
1 

0.75 
1 
1 

0.75 
0.75 
0.75 
0.75 

1 
0.75 

0.7852 
0.75 

1 
0.75 

08514 I 

0.75 Propane 
0.75 Propane 
0.76 flecbidty 

1 flecbicity 
0.75 Propane 

0.8514 Propane 

0.75 Propane 
0.9583 Propane 

0.75 Propane 
0.9582 Propane 

0.75 Propane 
0.9582 Propane 

0.75 Propme 
0.75 Pmpane 

0.8508 Propale 

1 flecbicity 

i uecbidty 
1 flecbidty 

0.75 Propme 
0.76 flecbidty 

1 flecbidty 
0.75 Propane 
0.75 Propme 
0.75 Propane 
0.75 Propane 

0.75 Propane 
0.7852 P r o p  

1 flecbicity 

075 Propane 
0.76 flecbidty 
0.75 Propane 

Propane 
Propane 
Propane 
flecbidty 
Propane 
Propane 
flecbidty 
Propane 
Propane 
Propane 
Propane 
Propane 
Propane 
hop* 
Propane 
Propane 
Elecbidty 
Elecbidty 
Propane 
Propane 
flecbidty 
Propane 
Propane 
Propane 
Propane 
flecbidty 
Propane 
Piopane 
Propane 
Propane 
Propane 

3 
2 
-1 
0 
3 

120 
8 
7 

98 
16 

121 
6 

59 
8 

18 
76 
5 

39 
55 
2 
2 

362 
14 
40 
50 
5 

. l o  
7 
6 
0 
6 

40,609 

Preterl Vsbc 01 

Dnand hrialcd Dcrnad 

1kW.m) (1996) (1996) 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 

26 

20 
11 

102 
12 
46 

320 
183 
106 

99 
503 
43 

821 
32 

114 
562 
49 

197 
358 
608 
39 

3,223 
109 
281 
439 
86 
72 
I1 
43 
32 

188.447 

788 

- 43 

65 
36 

355 
60 
58 

12,525 
1,022 

122 
8.412 

361 
6.500 

147 
6,153 

76 
412 

7,941 
701 

4,947 
1,258 
1.859 

136 
8938 
323 
930 

1,370 
632 
231 
454 
132 
74 - 134 

1.743.372 

14 
- 8  

66 
11 
13 

727 
224 

33 
571 
79 

657 
32 

357 
40 
90 

461 
130 

1,334 
276 
344 
48 

1.826 
71 

104 
300 
117 
51 
38 
8 
10 - 29 

242,457 

45 3 3  
26 3 4  

253 3.5 
48 5.1 
12 1.3 

839 5.6 
16 1.2 

7.624 10.7 
262 3.7 .. 

5,997 12.9 
104 ’ 3.4 

5,332 7.5 
44 2.4 

298 3.6 
7,379 14.1 

651 14.2 
4,750 25.1 
900 3.5 

1,250 3.1 
97 3.5 

5,116 2.6 
214 3.0 
649 3.3 
931 3.1 
546 7.4 
160 3.2 
442 40.5 
90 3 1  , 

42 2.3 

1,554,924 9.3 

12.205 39.2 . 
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2.6 Manual Service Hot Water EROs 

This section presents two service hot water EROs not analyzed by FEDS Level-2. Air conditioning . 

desuperheaters are devices which use the waste heat from air-cooled condensers to heat domestic hot water. 
The water heater controller is a device which monitors hot water usage and resets the hot water tempera- 
ture during periods of low use. 

' 2.6.1 A/C Desuperheater ERO 

Description 

A desuperheater is a heat exchanger that transfers waste heat from an air conditioner or refrigeration 
system to the domestic hot water system. The air conditioner and the water heater serve opposite func- 
tions; the air conditioner takes heat from the interior and expels it outside, while the water heater uses an 
outside source of energy to generate hot water. Fortuitously, the rejected heat from the air conditioner is 
usually around 14OoF, which is the typical setting for most domestic hot water systems. 

The heat rejection part of the air conditioning cycle occurs,in the condenser. The desuperheater is 
installed between the compressor, and condenser to recover some of the heat before it is rejected to the 
atmosphere. A counterflow heat exchanger is used to transfer the heat to any process requiring heat. For' 
example: the incoming cold water, cool water recirculated from the domestic water storage tank, Eiuilding 
hot water circulating loop, or a process hot water system. 

In addition to being able to supply the majority of the hot water needs during the cooling season, the 
desuperheater also helps improve overall air conditioner efficiency by about 15 % . This reduces electric 
consumption and demand and will help prolong A/C equipment life. 

The desuperheater can be installed with a number of controls options. Among those recommended are a 
compressor interlock, and winter freeze protection. The compressor interlock will only operate the 
desuperheater when the A/C system is also operating. Freeze protection can take a number of forms, from 
draining the system to heat tape to continuous water circulation. The most efficient system uses heat tape 
controlled by a simple thermostat set to come on when the temperature drops below 4045°F. While drain- 
ing the system will save the most energy, there is the added maintenance expense involved with draining, 
then refilling the system every year. 

A total of 61 air-cooled air conditioning units in 27 buildings are considered in this ERO. This ERO is 
applied to A/C units with 10 or more tons of cooling capacity that were listed in the RPL or identified 
during site visits. There are many A/C units with less than 10 tons capacity on Fort Irwin which may be 
suitable for this technology, but insufficient information was available to fully analyze this ERO for those 
units. Also not addressed in this analysis are facilities with commercial refrigeration equipment in use, 
i.e., commissary, dining halls, etc. Any building using a vapor-compression type cooling system for any 
application has potential for waste heat recovery using a desuperheater. 

Assumptions 

The technical.assumptions are as follows: 

' 2.51 



. . . . .. -. 

Domestic hot water and air conditioning energy consumption are calculated from the DHW and cooling 
EUIs in Volume 2 of this report. The EUI is multiplied by the building area to get the energy consump- 
tion for each end-use in each building. 

In buildings where there were more than one A/C unit, the area (ft’) served by each unit was prorated 
by A/C tonnage. While desuperheaters are usually limited to one desuperheater for each A/C unit, it is 
possible in some cases to connect multiple A/C units to one desuperheater. For this analysis, each A/C 
unit is assumed to be served by one desuperheater. 

Heat recovery by the desuperheater is assumed to be 3,000 Btu per hour, per ton of cooling capacity. 
Actual heat recovery rates depend on the temperature of the incoming water. 

Efficiency of existing air-cooled A/C units is assumed to be 1.5 kW/ton. After installation of the 
desuperheater, this efficiency will improve by 15 % , to 1.275 kW/ton. 

The cooling systems were assumed to operate over an eight month period. To find the percent of the 
DHW load replaced by the desuperheater, the energy consumption (and operating hours) for both the 
DHW and A/C systems were prorated by 8/12ths. 

The equipment life of the desuperheater is 15 years. Minimal maintenance is required; the water-side 
tubes should be cleaned every 2-3 years. 

The cost assumptions are as follows: 

From conversations with manufacturer’s representatives, the following formula was derived for the cost 
of the desuperheater unit: 

Cost (1993 $) = ‘A(73.322 * A/C tons + 752.38) 

The cost for installation was more difficult to determine. Much of the costs will depend on the indi- 
vidual layout of each building and A/C system. Number, type and size of any piping, fittings, valves, 
etc. will depend on the size and configuration of the A/C unit being retrofitted. For this analysis, a 
labor and associated materials cost was assumed to be equal to the cost of the desuperheater unit. 

An annual maintenance cost of $50 was added to the analysis to cover the periodic tube cleaning 
required. 

ReSUltS 

The complete quantitative results of this ERO appear in Table 2.11. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial cost of this ERO is $118,124 for all cost-effective implementations. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in energy savings of 199,341 kwh and 3,664 MBtu (LPG) at a value of $34,043, and electric demand 
savings of 2,198 kW-months at a value of $24,124. 
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Operations and Maintenance. As described above, a periodic cleaning of the water-side tubes is 
required to maintain efficiency and prolong unit life. The estimated additional maintenance cost of $1,900 
should cover the cleaning and any other O&M issues. 

2.6.2 Water Heater Controller ERO (discussion only) 

A water heater controller is a device that limits water heater operation based on hot water demand. The 
controller has three temperature sensors: in the tank, on the supply line, and on the return (recirculating) 
line. With the information gathered from these sensors, a microprocessor in the controller predicts the 
future hot water consumption and adjusts the hot water temperature accordingly. Therefore, during 
periods of low hot water demand, the temperature can be "set back" to reduce energy losses through the 
circulating system and standby losses in the storage tank. . 

The benefit of using the controller versus simply reducing the temperature setpoint on the water heater is 
that the controller can "raise" the setpoint when it senses hot water demand, ensuring a continuous supply 
of hot water. Changes in the hot water temperature are actually made by the controller selectively energiz- 
ing the water heater thermostat, so when the controller has selected a lower temperature than the ther- 
mostat, it cycles the thermostat on and off to maintain the lower temperature. If the controller fails, the 
original setpoint is maintained and an adequate supply of hot water is assured. ,o 

For example, the system might lower the temperature setpoint from 140°F to 110°F during periods of 
low demand. This still allows adequate hot water for most domestic uses, only little or no cold water is 
mixed to bring the temperature down to a usable level. If there is an unexpected demand on the system, 
the controller will automatically raise the water temperature to maintain an adequate hot water supply; the 
high temperature water can be mixed with cold water to "produce" more water at a usable temperature. 

Other benefits include reduced equipment run-time and reduced scale deposits (due to lower water 
temperature), which should prolong equipment life and reduce maintenance requirements. 

The controller can be used in any building with a circulating hot water system without demands for con- 
stant temperature process loads (e.g., dishwashing). Of particular interest at Fort Irwin are the facilities 

' (barracks and showerhouses) used during the training rotations. Many of these buildings .are occupied for 
only a few days every two weeks; while troops are preparing to go into the field, or returning from the 
field. The rest of the time they are used minimally, if at all. While it is expected that the occupants will 
turn off the lights and heating or cooling equipment when they go out into the field, they can hardly be 
expected to turn down the water heater. Energy can be saved by automatically lowering the hot water 
setpoint during the field training periods. 

While the controller manufacturer claims 20-30% savings, more inforgution regarding current hot water 
consumption, schedules, and heat losses' is required to fully analyze this ERO. With load profiles 
developed by either water temperature .metering or boilerlwater heater firing times, estimates can be made 
both of the amount of energy lost during periods of low use and the range of temperature settings that could 
be used by the controller. With this information, an estimated savings could be calculated, and life-cycle 
cost analysis completed. 
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Table 2.11. Desuperheater EROs 

I 1  I I I I I E16 I DHW I N C  I Annual Energy Consumplion Sum Coincident Demand 
mmer Electric I Winler Electric Summer I Winter 

Off Peak I Mid Peak1 Off Peak On Peak I Mid Peak1 Mid Peak Bldg. 
ID Number 
1 .. 00013 CHILLER-air coaled 
2 00021 PKGUNIT 
4 00034 PKGUNIT 
5 00037 AIR CONDITIONER 
6 00037 AIR CONDITIONER 
7 00037 AIR CONDITIONER 
8 00037 PKGNC 
9 00037 PKGNC 
10 00037 PKGNC 
11 00130 AIR CONDITIONER 
12 00152 PKGUNIT 
13 00166 CHIILER-air cooled 
14 00171 AIR CONDITIONER 
15 00202 AIR CONDITIONER 
16 00202 AIR CONDITIONER 
17 00222 PKGUNIT 
18 00222 PKGUNIT 
19 00237 AIR CONDITIONER 
20 00248 PKGUNIT 
21 00254 PKGUNIT . 
22 00255 PKGUNIT 
23 00255 PKGUNIT 
24 00258 PKGUNIT 
25 00258 PKGUNIT ' 

27 00323 PKGUNIT 
28 00488 PKGNC 
29 00826 PKGUNIT 
30 00857 Chiller-air cooled 
31 00905 CHILLER-air cooled 
32 IN905 PKGUNIT 
33 o0920 AIRCONDITIONER 
34 00983 PKGNC 
35 00988 CHILLER 
36 01313 PKGUNIT 
37 01322 AIR CONDITIONER 
38 01322 AIR CONDITIONER 
40 01322 PKGUNIT 
43 01322 PKGUNIT 
44 2ooo1 AIR CONDITIONER 
45 20018 AIR CONDITIONER 

26 00323 PKGUNIT 

Eldg DHW N C  Annual Energy Consumplion Sum Coincident Demand 
N C  NC Area EUI EUI Summer Electric Winler Electric Summer Winter 

Rating Number Efficient Served (KBlul (kWh/ LPG On Peak Mid Peak Off Peak Mid Peak O f f  Peak On Peak Mid Peak Mid Peak 
Equipment (tons) of Units (kW/ton) (sqft) sqfl-yr) sqft-yr) (MBtu!yr) (kWhEyr) (kWh/yr) (kWNyr) (kWhlyr) (kWh!yr) (kW-mo) (kW-mo) (kW-mo) 

35 
15 
5 

7.5 
5 
5 
25 
10 
15 
20 
5 

175 
42 
10 
18 
24 
50 
7.5 
8 
32 
6 

12.8 
6 

12.8 
7.5 
5 
20 
8.5 
40 
40 
7.5 
51 
15 
40 
12 
8 
5 
5 
8 
30 
10 

1 1.5 4,771 0.53 1.38 2.53 1.067 1,527 2,370 1,073 546 210 105 105 
2 1.5 4,281 14.8 5.97 63.35 4,143 5,928 9,198 4,167 2,119 90 45 45 
1 1.5 3,500 0.44 0.75 1.54 426 609 945 428 218 30 15 15 
2 1.5 3,418 14.8 5.97 50.58 3,308 4,733 7,344 3,327 1,692 90 45 45 
1 1.5 1,139 14.8 5.97 16.86 1,103 1,578 2,448 1,109 564 30 15 15 
2 1.5 2,278 14.8 5.97 33.72 2,205 3,155 4,896 2,218 1,128 60 30 30 
1 1.5 5,696 14.8 5.97 84.30 5,513 7,889 12,240 5,544 2,820 150 75 75 
4 1.5 9,113 14.8 5.97 134.88 8,820 12,622 19,583 8,871 4,511 240 120 120 
1 1.5 3,418 14.8 5.97 50.58 3,308 4,733 7,344 3,327 1,692 90 45 45 
1 1.5 24,000 1.3 0.75 31.20 2,918 4,176 6,479 2,935 1,493 120 60 . 6 0  
1 1.5 969 i.3 0.75 1.26 118 169 262 118 60 30 15 15 
2 1.5 63,818 30.14 9.44 1923.47 97,663 139,759 216,842 98,224 49,954 2,100 1,050 1,050 
1 1.5 12,820 15 4.72 192.30 9,809 14,038 21,780 9,866 5,017 252 126 126 
1 1.5 2,696 14.8 5.97 39.90 2,609 3,733 5,793 2,624 1,334 60 30 30 
1 1.5 4,852 14.8 5.97 71.81 4,696 6,720 10,427 4,723 2,402 108 54 54 
2 1.5 4,339 14.84 5.97 64.39 4,199 6,010 9,324 4,224 2,148 288 144 144 
2 1.5 9,040 14.84 5.97 134.15 8,749 12,520 19,425 8,799 4,475 600 300 300 
2 1.5 13,612 1.3 0.75 17.70 1,655 2,368 3,675 1,665. 847 90 45 45 
3 1.5 16,704 1.3 0.75 21.72 2,031 2,906 4,509 2,043 1,039 144 72 72 
1 1.5 10,860 14.84 5.97 161.16 10,510 15,041 23,336 10,571 5,376 192 96 96 
2 1.5 3,209 1.3 0.75 4.17 390 558 866 392 200 72 36 36 
1 1.5 3,423 1.3 0.75 4.45 416 596 924 419 213 77 38 38 
2 1.5 3,209 1.3 0.75 4.17 390 558 866 392 200 72 36 36 
1 1.5 3,423 1.3 0.75 4.45 416 596 924 419 213 77 38 38 
3 1.5 2,880 7.42 9 21.37 4,202 6,013 9,330, 4,226 2,149 135 68 68 
1 1.5 640 7.42 9 4.75 934 1,336 2,073 939 478 30 15 15 
2 1.5 6,265 1.3 0.75 8.14 762 1,090 1,691 766 390 240 120 120 
i 1.5 7,280 1.3 0.75 9.46 885 1,267 1,965 ego 453 51 26 26 
1 1.5 7,200 1.01 1.28 7.27 1,494 2,138 3,317 1,503 764 240 120 120 
1 1.5 17,423 8.97 0.75 156.29 2,118 3,031 4,703 2,131 1,084 240 120 120 
1 1.5 3,267 8.97 0.75 29.30 397 568 882 399 203 45 23 23 
1 1.5 56,500 3.77 1.24 213.01 11,358 16,253 25,217 11,423 5,809 306 153 153 
1 1.5 4,140 1.3 0.75 5.38 503 720 1,118 506 257 90 45 45 
1 1.5 24,000 1.3 0.75 31.20 2,918 4,176 6,479 2,935 1,493 240 120 120 
1 1.5 4,800 1.17 1.4 5.62 1,089 1,559 2,419. 1,096 557 72 36 36 
1 1.5 2,470 1.17 1.4 2.89 561 802 1,245 564 287 48 24 24 

15 15 2 1.5 1,544 1.17 1.4 1.81 350 501 778 352 179 30 
3 1.5 1,544 1.17 1.4 1.81 350 501 778 352 179 30 15 15 
1 1.5 2,470 1.17 1.4 2.89 561 802 1,245 564 207 48 24 24 
1 1.5 12,650 0.54 0.73 6.83 1,497 2,142 3,324 1,506 766 180 90 90 
1 1.5 6,300 14.8 5.97 93.24 6,097 8,725 13,538 6,132 3,119 60 30 30 



Table 2.11. (contd) 

Dew erheater ERO 0 eri 

kWlton 
1 Install Desuperheater 
2 Install Desuperhealer 
4 lnslall Desuperhealer 
5 Install Desuperhealer 
6 Install Desuperhealer 
7 Install Desuperhealer 
8 Install Desuperheater 
9 Install Desuperheater 

. . 10 lnslall Desuperheater 
I 1  Install Desuperheater 
12 Install Desuperhealer 
13 Install Desuperhealer 
14 Install Desuperheater 
15 lnslall Desuperheater 
16 Install Desuperhealer 
17 lnslall Desuperhealer 
18 Install Desuperhealer 
19 lnslall Desuperheater 
20 Install Desuperheater 
21 Install Desuperheater 
22 lnslall Desuperhealer 
23 Install Desuperhealer 
24 Install Desuperhealer 
25 Install Desuperhealer 
26 lnslall Desuperheater 
27 Install Desuperhealer 
28 Install Desuprheater 
29 lnslall Desuperheater 
30 Install Desuperhealer 
31 lnslall Desuperhealer 
32 Install Desuperheater 
33 lnslall Desuperheater 
34 lnslall Desuperhealer 
35 lnslall Desuperhealer 
36 Install Desuperhealer 
37 Install Desuperhealer 
38 Install Desuperheater 
40 Install Desuperheater 
43 Install Desuperhealer 
44 Install Desuperhealer 
45 Install Desuperheater 

1.275 
1.275 
I .275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
I .275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 
1.275 

ting Parameters 
Annual Energy Consumption I Sum Coincident Demand I 
Summer Electric Winter Elecl 

LPG On Peak Mid Peak Off Peak Mid Peak Off Peak On Peak Mid Peak Mid Peak 
(MBlulyr) (kWNyr) (kWNyr) (kwhfyr) (kWNyr) (kWNyr) (kW-mo) (kW-mo) (kW-mo) 

lric I Summer I Winter I 

0.07 
1.76 
0.04 
1.40 
0.47 
0.94 
2.34 
3.75 
1.40 
0.87 
0.03 

53.43 
5.34 
1.11 
1-99 
1.79 
3.73 
0.49 
0.M) 
4.48 
0.12 
0.12 
0.12 
0.12 
0.59 
0.13 
0.23 
0.26 
0.20 
7.61 
1.43 
5.92 
0.15 
0.87 
0.16 
0.08 
0.05 
0.05 
0.08 
0.19 
2.59 

~ 

907 1.298 2,014 
3,521 

362 
2,811 

937 
1,874 
4,686 
7,497 
2,811 
2,480 

100 
83,014 
8,338 
2,218 
3,992 
3,570 
7,437 
1,407 
1,726 
8,934 

332 
354 
332 
354 

3,572 
794 
647 
752 

1,270 
1,801 

338 
9,654 

428 
2,480 

926 
477 
298 
298 
477 

1,272 
5,183 

.-- ~ 

5,039 
51 8 

4,023 
1,341 
2,682 
6,705 

10,729 
4,023 
3,549 

143 
118,795 
11,932 
3,173 
5,712 
5,108 

10,642 
2,013 
2,470 

12,785 
475 
506 
475 
506 

5,111 
1,136 

927 
1,077 
1,817 
2,577 

483 
13,815 

612 
3,549 
1,325 

682 
426 
426 
682 

1,821 
7,416 

7,818 
803 

6,242 
2,081 
4,161 

10,404 
16,646 
6,242 
5,507 

222 
184,315 
18,513 
4,924 
8,863 
7,925 

16,511 
3,123 
3,833 

19,836 
736 
785 

. 736 
785 

7,930 
1,762 
1,438 
1,670 
2,820 
3,998 

750 
21,435 

950 
5,507 
2,056 
1,058 

661 
661 

1,058 
2,825 

11,507 

912 
3,542 

364 
2,828 

943 
1,885 
4,713 
7,540 
2,828 
2,495 

101 
83,491 
8,386 
2,230 
4,015 
3,590 
7,479 
1,415 
1,736 
8,985 

334 
356 
334 
356 

3,592 
798 
651 
757 

1,277 
1,811 

340 
9,709 

430 
2,495 

931 
479 
300 
300 
479 

1,280 
5,212 

464 
1,801 

185 
1,438 

479 
959 

2,397 
3,835 
1,438 
1,269 

51 
42,461 
4,265 
1,134 
2,042 
1,826 
3,804 

720 
883 

4,570 
170 
181 
170 
181 

1,827 
406 
331 
385 
650 
921 
173 

4,938 
219 

1,269 
474 
244 
152 
152 
244 
651 

2,651 

179 
77 
26 
77 
26 
51 

128 
204 
77 

102 
26 

1785 
214 
51 
92 

245 
510 
77 

122 
163 
61 

61 
65 

115 
26 

204 
43 

204 
204 
38 

260 
77 

204 
61 
41 
26 
26 
41 

153 
51 

’ 65 

89 
38 
13 
38 
13 
26 
64 

102 
38 
51 
13 

893 
107 
26 
46 

122 
255 
38 
61 
82 
31 
33 
31 
33 
57 
13 

102 
22 

102 
102 
19. 

130 
38 

102 
31 
20 
13 
13 
20 
77 
26 ’ 

89 
38 
13 
38 
13 
26 
64 

102 
38 
51 
13 

893 
107 
26 
46 

122 
255 
38 
61 
82 

33 
31 
33 
57 
13 

.I 02 
22 

102 
102 
19 
I30 
38 

102 
31 
20 
13 
13 
20 
77 
26 
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Table 2.11. (contd) 

ID 

Installation Addn'l First Year Energy and Demand Savings Life Cycle Cost 
Equipment Labor Maint. Equip. LPG Electric Demand Energy Demand Tolal 

(1994s) (1994$) ($/yr)  (Years) (MBtu) (kWh) (kW-mo) (1994s) (1994$) (1994$) (1994$) SIR 
Cost Cost Cost Life Savings Savings Savings Savings Savings Savings NPV 

1 
2 
3 
5 
6 
7 
8 
9 

10 
11 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
43 
44 
45 

To I a Is : 

1,659 
926 
926 
926 
559 
743 

1,293 
1,843 

926 
1,109 

13,208 
1.916 

743 
1,036 
2,136 
4,042 

926 
1,256 
1,549 

816 
845 
816 
845 

1,201 
559 

1,843 
688 

1,843 
1.843 

651 
2,246 

926 
1,843 

816 
669 
669 

1.476 
743 

59,062 

1,659 
926 
926 
926 
559 
743 

1,293 
1,843 

926 
1,109 

13,208 
1,916 

743 
1,036 
2,136 
4,042 

926 
1,256 
1,549 

816 
845 
816 
845 

1,201 
559 

1,843 
688 

1,843 
1,043 

651 
2,246 

926 
1,843 

816 
669 
669 

1,476 
743 

59,062 

50 15 
50 15 
50 15 
50 15 
50 15 
50 ,15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 
50 15 

1 .sbo 

2 
62 
62 
49 
16 
33 
82 

131 
49 
30 

1,870 
187 
39 
70 
63 

130 
17 
21 

157 
4 
4 
4 
4 

21 
5 
8 
9 
7 

149 
28 

207 
5 

30 
5 
3 
3 
7 

91 

3,664 

988 
3,833 
3,833 
3,060 
1,020 
2,040 
5,101 
8,161 
3,060' 
2,700 

90,366 
9,077 
2,414 
4,345 
3,886 
8,095 
1,531 
1,879 
9,725 

361 
385 
361 
385 

3,888 
864 
705 
819 

1,382 
1 ,w 

368 
10,509 

466 
2,700 
1,008 

519 
519 

1,385 
5,642 

199,341 

63 
27 
27 
27 
9 

18 
45 
72 
27 
36 

630 
75.6 

18 
32.4 
86.4 
180 
27 

43.2 
57.6 
21.6 

23.04 
21.6 

23.04 
40.5 

9 
72 

15.3 
72 
72 

13.5 
91.8 

27 
72 

21.6 
14.4 
14.4 

54 
18 

2.198 

82 
606 
606 
484 
161 
322 
806 

1,289 
484 
354 

16,588 
1,661 

381 
686 
615 

1,281 
201 
247 

1,539 
47 
51 
47 
51 

384 
85 
93 

108 
135 
957 
180 

1,072 
61 

354 
100 
51 
51 

133 
891 

34,043 

69 1 
296 
296 
296 
99 

198 
494 
790 
296 
395 

6,915 
830 
198 
356 
948 

1,976 
296 
474 
632 
237 
253 
237 
253 
445 
99 

790 
168 
790 
790 
148 

1,008 
296 
790 
237 
158 
158 
593 
198 

24,124 

773 7,635 
902 11,980 
902 11,980 
780 9,877 
260 1,990 
520 5,933 

1,300 17,765 
2,080 29,597 

780 9,877 
750 8,823 

23,502 365,486 
2,491 36,469 

579 6,950 
1,042 14,074 
1,563 19,850 
3,256 43,471 

497 . 5,013 
721 7,902 

2,171 32,023 
284 1,666 
303 1,907 
284 1,666 
303 1,907 
828 9,912 
184 683 
883 8,986 
275 1,883 
925 9,712 

1,748 23,881 
328 2,890 

2,879 42,194 
357 2,604 

1,145 13,496 
337 2,570 
209 801 
209 801 
725 7,338 

1,089 15,732 

58,167 797,322 

3.30 
7.47 
7.47 
6.33 
2 78 
4.99 
7.87 
9.03 
6.33 
4.98 

14.84 
10.52 
5.68 
7.79 
5.65 
6.38 
3.71 
4.15 

11.33 
2.02 
2.13 
2.02 
2.13 
5.13 
1.61 
3.44 
2.37 
3.64 
7.48 
3.22 

10.39 
2.41 
4.66 
2.57 
I .60 
I .60 
3.49 

11.59 

7.75 



2.7 FEDS Building Interior Lighting EROs 

About 26% of the electrical energy supplied to Fort Irwin is used for lighting in and around buildings; 
Fewof the existing lamps, ballasts, and light fixtures are as efficient as currently available cost-effective 
lamps, ballasts, and fixtures. A number of fixture retrofit and fixture replacement EROs are therefore 
evaluated in this section. 

2.7.1 Interior Lighting EROs 

Data and Assumptions for all Lighting EROs 

F E W  Lighting Matrix. The first costs of fixture upgrades (either replacement or retrofit) that are 
feasible for a given type of existing fixture are determined using data from the FEMP Lighting Tech- 
norosy Screening Matrix (LTSM) computer program (Dirks et al. 1992). The per-fixture wattage and 
maintenance requirements for each existing and post-retrofit configuration are also determined using 
the LTSM database. The LTSM database has been incorporated into the Level-2 software. 

Fixture Modification versus Fixture Replacement. Fixtures can be upgraded by replacing selected 
parts (ballast, lamp, reflector, or lens) or by replacing the entire fixture. The best route for a given 
upgrade is generally determined by the relative costs in the LTSM except when site-specific (usually 
implementation labor or maintenance related) conditions dictate otherwise. 

Fixture Type and Quantity. The existing fixture inventory was estimated for each building type. The 
lighting in the majority of the buildings could not be rigorously established within the scope of this' 
project. Estimates of the existing lighting quantity, in the form of fixtures per square foot, are 
defaults in the Level-2 software. Changes were made to the default values where site-specific infor- 
mation was available. 

This approach assumes that all of the buildings of a given type have the same fixture types, distribution, 
and ,use. Thus, the fixture types and counts are not exact but are believed to reasonably characterize 
existing lighting on' the site and the potential for efficiency, improvements with available technologies. 

Existing Ballasts. The ballasts used in all existing fluorescent fixtures are standard 60-Hz inductive 
ballasts. 

Light Levels. Existing light levels are adequate or more than adequate for the visual activities con- 
ducted in a space unless otherwise noted. The retrofit fntures will provide the same lighting level, or 
slightly less, and are, in all cases, intended to meet or exceed minimum applicable federal standards. 
The lumen equivalence of replacement fixtures or retrofit packages cannot be determined exactly 
from the nominal fixture characteristics due to variations in fixture design and the lighting environ- 
ment and task requirements. The ability of a given upgrade to provide adequate level and quality of 
light should be field-checked in typical applications before proceeding with a large-scale retrofit. 

Salvage Value. The salvage value for used fixtures is small at best and has been assumed to be zero. 
Actual salvage value will be reflected in the cost proposals of competitive energy services contractor 
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(ESCO) bidders. It is essential to the project’s long-term success that the old fixtures be removed 
from the site to prevent their being re-installed for any reason and the inefficient use of electric power 
that would result. 

Maintenance Costs. Maintenance cost savings are expressed as annualized values. Revamping costs 
that might occur every 5 years in the 25-year life of an ERO are converted to a present value, and the 
present value is then converted to a uniform series of yearly costs. Maintenance savings are due 
chiefly to longer lamp lives (e.g., HPS and fluorescent lamps have a much longer life than standard 
incandescent) that result in lower annual lamp replacement costs. In cases where the retrofit main- 
tenance cost is only slightly less than the existing maintenance cost, the savings are taken to be zero. 
This results in a slightly conservative assessment of NPV and resource potential. 

Penetration of EROs. With the exception of incandescent fixtures, all lighting EROs are assumed to 
have a 100% penetration rate. The reduced penetration rate for incandescent fxtures takes into . 

account that not every fixture can be replaced far one reason or another (Le., space limitations, 
aesthetics, etc.). For family housing a 70% penetration rate is assumed; for commercial buildings a 
90% penetration rate is assumed. 

Non-Energy Effects Common to All Lighting ERO Implementations 

Operations and Maintenance. The replacement or retrofit of incandescent fxtures results in reduced 
maintenance. All other fixture upgrades result in post-retrofit maintenance requirements that are 
identical or nearly identical to the existing maintenance requirements. All non-energy O&M costs are 
reported as annualized values based on all expected maintenance costs over the analysis period of 
25 years. 

- 

The operation of lighting systems generally will not be affected in any way by implementation of any of 
. the EROs. 

An additional unmeasured benefit of the furture replacement and retrofit EROs is that conversion to 
standard lighting systems over the entire site eliminates the need to have multiple types of tubes, 
ballasts, etc., on hand for repair or replacement. For example, it is recommended that T-8 retrofit parts 
and replacement furtum be stocked in sufficient quantity to replace-but not upgrade-the existing fur- 
tures of the types covered in this ERO as their lamps, ballasts or other hardware fail. This will elim- 
inate the need to stock the variety of lamps and ballasts used in the older systems and will result in all 
fixtures eventually being upgraded with minimal administrative effort. 

Annualized O&M costs as reported in tables are dependent on the operating characteristics (hours of 
operation) of the lights being impacted.’ Therefore, the same fmture type may have a different annu- 
alized O&M cost from one table to the next, based on its hours of operation. 

Energy Security. None of the lighting EROs have significant impact on energy security. 

Environmental Impact. There are no negative environmental impacts associated with any of the light- 
ing EROs, with the possible exception of the fluorescent fixture upgrades that will involve ballast dis- 
posal. In general, implementing lighting EROs will decrease the need for electricity that may be 
produced from sources that have environmental impacts. All lighting EROs are environmentally 
beneficial in this respect. 
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The disposal of PCB-bearing ballasts may have to be addressed. It is not h o w n  how many, if any, 
PCB-bearing ballasts exist at Fort Stewart. If virtually all fluorescent ballasts are targeted for replace- 
ment as recommended in this ERO, a beneficial side effect will be that proper disposal of ballasts can be 
assured as part of the implementation program. 

The quantitative results of the lighting ERO assessments appear in Table 2.12. This table summarizes 
the energy, cost, maintenance and economic results of the Level-2 lighting analysis. Factors such as low 
yearly usage, existing efficient products, and lack of practical retrofit or replacement options render some 
existing fixture types cost-effective and not subject to change. The notes following the table describe the 
lighting fixture codes used by Level-2, and provide a simplified description of the appropriate action 
required to complete.each ERO group. 

It is recommended that a supply of the recommended replacement lamps and ballasts be kept on hand for 
any fixtures not upgraded as part of these EROs as their lamps, ballasts or other hardware fail. This will 
eliminate the need to stock the variety of lamps and ballasts used in the older systems and will result in all 
fixtures eventually being upgraded with a minimal administrative effort. 

LED screw-in retrofits for exit lights. The lighting analysis performed through the FEDS software for 
the exit lighting considers complete LED retrofits. Data for the relatively new LED screw-in retrofit tech- 
nology is not currently included in the software. Separate analysis of the exit lighting using the cost and 
operationd data for the screw-ins (but not considering the interactive effects that Level-:! takes into 
account) shows an NPV of $580 per typical fixture. This is $69 more than a sirnilar complete LED exit 
light replacement, for a total increased NPV of $234,600 for the entire site. The screw-in option has 
similar labor costs, but an equipment cost of around $37 with similar energy and demand savings to the 
complete fixture retrofit. Because of the reduced initial cost, this technology should be considered wher- 
ever existing exit light housings are in good repair and meet existing safety codes. 
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Table 2.12. Interior Lighting EROs 

I 

1 Numberof I 
Rekohl 

79 EX1. EXIT. INC(h20) 
2 EX1: EXIT - INC (2~20) 
1 EX2: EXIT - INC(h15) 
2 FL117: FL 1x8 1F96T12ESSTD1 
3 FL13 FL 2x4 4F40T12 EEF2 
2 FL158: FL 1x8 4F96T12HO STDZ REF 

25 F L l  FL 2x4 4F4OT12 STD2 
7 FL2: FL 2x4 3F40T12 STD1.2 

19 FL3 FL 2x4 2F4OT12 STD2 
1 FL4: FL 1x4 2F40T12 STDZ 

36 FL4 FL 1x4 2F4OT12 STD2 
12 FL5: FL 1x4 1F4OT12 STD1 
1 FL61: FL 1x8 4F96T12 STD2 
4 FL61: FL 1x8 4F96T12 STDZ 

11 FL62: FL 1x8 2FW12 STDZ 
1 FL62: FL 1x8 2F96T12 STD2 
6 FL62 FL 1x8 2F96T12 STD2 
9 FL63 FL 1x8 1F96T12 STD1 . 
3 FL63: FL 1x8 1F96T12 STD1 
3 FL6 FL 2x2 2F4OT12U STD2 
2 FL79: FL 2x4 4F40T12ES STD2 

14 FL79 FL 2x4 4F40T12ES STD2 
2 FL80: FL 2x4 3F40T12ES STD1,2 
8 FL81: FL 2x4 2F40T12ES STD2 

28 FL82: FL 1x4 2F40T12ES STD2 
2 FL94: FC 1x4 2F4OT12ES EEF2 
1 HS14: HPS 100 PEND 
1 HS15: HPS 150 PEND 
1 HS17: HPS 250 PEND 

14 IN11: INC 100 CElL 
5 IN11: INC 100CElL 

1 IN15 INC60TABLELAMP 
4 IN1: INC 40 E l L  
2 IN1 INC 40 CElL 
1 IN28: INC 150 PEND 
4 lN29: INC 200 PEND 
1 INN: INC 300 PEND 

22 IN5 INC60 CEL 
11 IN5 I N C 6 0 E L  
16 IN6. INC 2-60 CElL 

1 IN12: INC2-100 CEL 

EX6: EXIT - LED 
EX7: EXIT. SELF LUMINOUS 
EX6 EXIT - LED 
FL123: FL 1x8 1F96T12ESEEF1 
FL237: FL 2x4 3F32T8 ELQ REF 
LS6: LPS 180 PEND 
FL237 FL 2x4 3F32T8 RC3 REF 
FL236: FL 2x4 3F32T8 ELQ 
FL51: FL 2x4 2F32T8 ELC2 
FL28: FL 1x4 2F4OT12 ELQ 
FL52 FL 1x4 2F32T8 ELCZ 
FL29: FL 1x4 1F4OT12 ELCl 
FL130: FL 1x8 4F96T12ESELC2 REF 
Ls5: LPS 135 PEND 
FL131: FL 1x8 2F96T12ESELQ REF 
FL74 FL 1x8 2F96T12 ELQ 
LS3: LPS 55 PEND 
FL126 FL 1x8 1F96T12ES EEFI REF 
FL75: FL 1x8 1F96T12 ELCl 
FL54 FL 2x2 2F32T8U ELQ 
FL232: FL 2x4 3F40T12 ElC3 
FL237: FL 2x4 3F32T8 ELC3 REF 
FL57 FL 2x4 2F32T8 ELC2 REF 
FL105 FL 2x4 2F40T12ESELC2 
FL106: FL 1x4 2F40T12ES ELQ 
FLlW. FL 1x4 2F40T12ESELC2 
LS3 LPS 55 PEND 
LS4: LPS 90 PEND 
L S :  LPS 135 PEND 
FL189: CFL 2.15 CEL FlXT 
FL189: CFL 2-15 CEL FlXT 
HS12: HPSSO PEND 
FL181: CFL 13 + BLST UNlT 
FL178: CFL 9 + BLST UNIT 
FL178: CFL 9 + EST UNIT 
HS11: HPS 35 PEND 
HS12: HPS 50 PEND 
LS2: LPS 35 PEND 
FL181: CFL 13 + BLST UNIT 
FL181: CFL 13 + BLST UNlT 
FL182 CFL 2-13 + R S T  UNlT 

R e h  
Number - 

3.398 
24 
11 
82 

304 
133 

3.605 
444 

3.213 
4 

3,569 
947 

6 
452 
251 

1,283 
1,735 
1,187 

25 

43 
7,940 

57 
755 

4,744 
390 
23 
28 
23 

3,160 
1,831 

6 
120 
128 
132 
16 

252 
108 

4.914 
27.905 
545 

207 

Exid 
El. COP 
01 Lamp 

Wattage - 
40 
40 
30 
80 

172 
514 
196 
147 
98 
98 
98 
49 
350 
350 
175 
175 
175 
95 
95 
98 

158 
158 
127 
79 
79 
72 

130 
185 
300 
100 
100 
200 
60 
40 
40 

150 
200 
300 
60 
60 

120 

- 

5 Rec. Elec 
0 Ekc. Elec 
5 Ekc. Elec. 

71 Ekc. Ekc. 
88 Ekc Elec. 

225 Ekc. Ekc. 
88 Ekc. Elec. 
88 Ekc. Elec 
62 Ekc. Ekc. 
71 Ekc. Elec. 
62 Ekc. Elec. 
35 Ekc. E k .  

210 Ekc. m. 
173 Ekc. Ekc. 
105 032. Ekc. 
134 Ekc. Elec. 
82 Ekc. Elec. 
71 Ekc. Ekc. 
86 Ekc. E&. 
58 Ekc. Elec. 

105 Rec. Ekc. 
88 Ekc. Ekc. 
62 Ekc. E k .  
60 Ekc. Ekc. 
60 Ekc. Ekc. 
60 Elec. Ekc. 
82 Ekc. Elec. 

135 Ekc. h. 
173 Ekc. Elec. 
46 Ehc. b. 
58 Ekc. Ekc. 

77.6 k. Elec. 
22.2 Ekc. m. 
15.7 Ekc. Ekc. 
21.1 Ekc. Elec. 
53.7 Ekc. El% 
77.6 Ekc. Ekc. 
88.5 Ekc. Ekc. 
22.2 Ekc. Ekc. 
30.6 Ekc. Eke. 
44.4 Ekc. &e. 

3.550 
29 
8 
8 

24 1 
268 

3.827 
267 

1,071 
1 

1,264 
142 
12 

797 
183 
204 

1.015 
300 

2 
57 
19 

5,107 
26 

131 
762 
39 
12 
21 
30 

1,252 
383 

7 
38 
38 
13 
15 

242 
159 

1.115 
4,089 

357 

109 
1 
0 
0 

16 
23 

244 
20 
65 
0 

67 
8 
1 

63 
i o  
32 

102 
18 
0 
5 
1 

353 
2 
9 

48 
1 
1 
1 
3 
99 
17 
1 
1 
2 
0 
1 

21 
14 
95 

182 
17 

370,703 
5,269 
1,233 
4,043 

35,642 
21.532 

422,620 
28,081 

156.310 
173 

173.615 
37,513 

1,044 
72,976 
32,534 
80,945 

239.583 
129,885 

1.584 
12,137 
2,645 

930,932 
5,847 

29,903 
187,907 
15,442. 
4,980 
6,351 
5,972 

129,697 
58,468 

676 
3.568 
3.407 
2,721 
1.959 
30.856 
13.195 

145.986 
644.848 
24.734 

1,375,556 
12,762 
3.854 
4,936 

127.465 
148,874 

2,112,773 
148,850 
542,566 

400 
607,436 
78,623 
6.568 

436.169 
104,425 
75.445 

485.641 
157,566 

1,089 
32.914 
8.202 

3,199,556 
14,679 
76,372 

395,881 
14,650 
7,302 

12.567 
18,391 

664,658 
176,650 

4,888 
14,319 
m,Ou 
7.031 
7,820 

133.144 
86.359 

472,031 
1,994,180 

180,259 

79.877 
74 1 
224 
287 

7,402 
8.645 

122.687 
8.645 

31,506 
23 

35,275 
4,565 

381 
25.328 
6.063 
4.381 

28,202 
9,150 

63 
1,911 

476 
185.795 

852 
4.434 

22.991 
851 
424 
730 

1.068 
38,595 
10,259 

284 
831 

1.164 
408 
454 

7.732 
5,015 

27,408 
115.801 
10.468 

1.775.817 3.4 
12.938 2.4 
11,656 3.1 
3,609 1.2 

110.417 3 5  
135,527 7.0 

1,896,471 4.0 
142,167 ,6.4 
449.110 3.3 

270 2.3 
530,757 3.2 
60.335 1.3 
5,614 6.3 

377.405 6.2 
78,379 2.5 
36.978 0.9 

268,128 1.0 
60,356 1.1 

601 0.5 
27,097 2.7 
8.969 2.8 

2,571.740 3.2 
12,581 2.5 
57,292 2 6  

321,905 2 4  
3,588 0.9 
2,605 1.5 
5.116 20 

11,600 3.1 
616,628 5.1 
176,914 3.0 

5,357 7.2 
15.793 4.0 
21.049 4.8 
7.305 23  
7,256 4.0 

122.807 5.3 
83.779 6 5  

511.249 5.5 
2.216.277 2 4  

210.686 11.6 



Table 2.12. (contd) 

2 IN6 INC 2-60 CEL FL182. CFL 2-13 + BLST UNlT 264 120 61.2 Ekc. Ekc. 77 3 9.312 41.392 2.404 48.584 4.4 
25 IN8: INC 75 CEN FL175: CFL 27 INTEGRAL UNIT 14.134 75 31.8 Ekc. Ekc. 4,437 379 158,941 2,124.087 123,345 2.693.106 20.8 
9 INB: INC 75 CElL FL175: CFL 27 INTEGRAL UNIT 11.451 75 . 41.4 ELX. ELX. 1,917 85 100,155 970.319 56.345 1.191.264 7.1 
1 MH36: MH 250 HE PEND La: LPS 90 PEND 257 294 135 Ekc. Ekc. 462 33 36,770 234.913 13,641 236,026 6.4 
1 M V 5  MERC 250 PEND Ls4: LPS 90 PEND 17 294 135 Ekc. Ekc. 26 2 3,722 17.811 1,034 13.751 4.8 
1 MVB: MERC IO00 PEND HS19: HPS 400 PENO - 28 1075 465 Ekc. Ekc. - 169 - 13 102.961 m 9  98.855 156 

TOTALS 100.150 34.189 2.168 4,393.028 17,464,385 1.014.144 17.255,714 4.0 



Table 2.12. (contd) 

Existing Fixtures 
Fixture Code 

EXIT - INC (2x20) 
EXIT - INC (2x15) 
FL 1x4 1F40T12 STDl 
FL 1x4 2F40T12 STD2 

FL 1x4 2F40T12ES STD2 
FL 1x8 1F96T12 STDl 
FL 1x8 1F96T12 STD2 
FL 1x8 1F96T12ES STDl 
FL 1x8 2F96T12 STD2 
FL 1x8 2F96T12 STD3 
FL 1x8 2F96T12 STD4 
FL 1x8 4F96T12 STD2 
FL 1x8 4F96T12HO STD2 REF 
FL 2x2 2F40T12U STD2 
FL 2x4 2F40T12 STD2 
FL 2x4 2F40T12ES STD2 
FL 2x4 3F40T12 STDl,2 
FL 2x4 3F40T12ES STD1,2 
FL 2x4 4F40T12 EEF2 
FL 2x4 4F40T12 STD2 
FL 2x4 4F40T12ES STD2 
FL 2x4 4F40T12ES STD3 , 

HPS 100 PEND 
HPS 150 PEND 
HPS 250 PEND 
INC 100 CEIL 

INC 60 TABLE LAMP 
INC 40 CEIL 
INC 150 PEND 
INC 200 PEND 
INC 300 PEND 
INC 60 CEIL 

INC 75 CEIL 
MH 250 HE PEND 
MERC 250 PEND 
MERC 1000 PEND 

FL 1x4 2F40T12ES EEF2 . 

INC 2-100 CEIL 

INC 2-60 CEIL 

Description 
Exit Sign, incandescent, 2-20 Watt lamps 
Exit Sign, incandescent, 2-15 Watt lamps 
Fluorescent, 1 ft by 4 ft , 1-40 Watt lamp, Standard Ballast 
Fluorescent, 1 €t by 4 ft, 2-40 Watt lamps, Standard Ballast 
Fluorescent, 1 ft by 4 ft, 2-34 Watt lamps, Energy Eff. Ballast 
Fluorescent, 1 ft by 4 ft, 2-34 Watt lamps, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 1-75 Watt lamp, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 1-75 Watt lamp, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 1-60 Watt lamp, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 2-75 Watt lamps, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 2-75 Watt lamps, Standard Ballast 
Fluorescent, 1 ft  by 8 ft, 2-75 Watt lamps, Standard Ballast 
Fluorescent, 1 ft  by 8 ft, 4-75 Watt lamps, Standard Ballast 
Fluorescent, 1 ft by 8 ft, 4-110 Watt lamps, Std Ballast, reflector 
Fluorescent, 2 ft by 2 ft, 2 4 0  (U tube) Watt lamps, Std Ballast 
Fluorescent, 2 ft by 4 ft, 2-40 Watt lamps, Standard Ballast 
Fluorescent, 2 ft by 4 ft, 2-34 Watt lamps, Standard Ballast 
Fluorescent, 2 ft by 4 ft, 3-40 Watt lamps, Standard Ballast 
Fluorescent, 2 ft by 4 ft, 3-34 Watt lamps, Standard Ballast 
Fluorescent, 1 ft by 4 ft, 4-40 Watt lamps, Energy Eff. Ballast 
Fluorescent, 2 ft by 4 ft, 4-40 Watt lamps, Standard Ballast 
Fluorescent, 2 ft by 4 ft, 4-34 Watt lamps, Standard Ballast 
?luorescent, 2 ft by 4 ft, 4-34 Watt lamps, Standard Ballast 
3igh Pressure Sodium, Pendant Mount, 100 Watt 
3igh Pressure Sodium, Pendant Mount, 150 Watt 
3igh PressureSodium, Pendant Mount, 250 Watt 
hcandescent, Ceiling Mount, 100 Watt 
hcandescent, Ceiling Mount, 2-100 Watt 
hcandescent, Table Lamp, 60 Watt 
hcandescent, Ceiling Mount, 40 Watt 
ncandescent, Pendant Mount, 150 Watt 
.ncandescent, Pendant Mount, 200 Watt 
.ncandescent, Pendant Mount, 300 Watt 
incandescent, Ceiling Mount, 60 Watt 
Incandescent, Ceiling Mount, 2-60 Watt 
Incandescent, Ceiling Mount, 75 Watt 
Metal Halide, Pendant Mount, 250 Watt 
Mercury, Pendant Mount, 250 Watt 
Mercury, Pendant Mount, 1000 Watt 
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Table 2.12. (contd) 

Replacement Fixtures 
Fixture Code 

CFL 13 + BLST UNIT 
CFL 2-13 + B U T  UNIT 
CFL 2-15 CEIL FIXT 
CFL 27 INTEGRAL UNIT 
CFL 9 + BLST UNIT 

EXIT - SELF LUMINOUS 
FL 1x4 1F40T12 ELCl 
FL 1x4 2F32T8 ELC2 
FL 1x4 2F40T12 ELC2 
FL 1x4 2F40T12ES ELC2 
FL 1x8 1F96T12 ELCl 
FL 1x8 1F96T12ES EEFl 
FL 1x8 1E96T12ES EEFl REF 
FL 1x8 2F96T12 ELC2 
FL 1x8 2F96T12ES ELC2 REF 
FL 1x8 4F96T12ES ELC2 REF 
FL 2x2 2F32T8U ELC2 
FL 2x4 2F32T8 ELC2 
FL 2x4 2F32T8 ELC2 REF 
FL 2x4 2F40T12ES ELC2 
FL 2x4 3F32T8 ELC3 
FL 2x4 3F32T8 ELC3 REF 
FL 2x4 3F40T12 ELC3 
HPS 35 PEND 
HPS 50 PEND 
HPS 400 PEND 
LPS 35 PEND 
LPS 55 PEND 
LPS 90 PEND 
LPS 135 PEND 
LPS 180 PEND 

EXIT - LED 

Description 
Compact Fluorescent, Ceiling Mount, 13 Watt 
Compact Fluorescent, Ceiling Mount, 2-13 Watt 
Compact Fluorescent, Ceiling Mount, 2-15 Watt 
Compact Fluorescent “screw-in”, 27 Watt 
Compact Fluorescent, Ceiling Mount, 9 Watt 
Exit Sign, Light Emitting Diode (LED) ’- 

Exit Sign, Self Luminous 
Fluorescent, 1 ft  by 4 ft, 1-40 Watt lamp, Electronic Ballast 
Fluorescent, 1 ft  by 4 ft, 2-T8-32 Watt lamps, Electronic Ballast 
Fluorescent, 1 ft by 4 ft, 2-40 Watt lamps, Electronic Ballast 
Fluorescent, 1 ft by 4 ft, 2-34 Watt lamps, Electronic Ballast . 

Fluorescent, 1 ft  by 8 ft, 1-75 Watt lamp, Electronic Ballast 
Fluorescent, 1 ft by 8 ft, 1-60 Watt lamps, Energy Eff. Ballast 
Fluorescent, 1 ft  by 8 ft,’l-60 Watt lamp, Energy Eff. Ballast, Reflector 
Fluorescent, 1 ft  by 8 ft, 2-75 Watt lamps, Electronic Ballast 
Fluorescent, 1 ft by 8 ft, 2-60 Watt lamps, Elec. Eallast, Reflector 
Fluorescent, 1 ft by 8 ft, 4-60 Watt lamps, Elec. Eallast, Reflector 
Fluorescent, 2 ft  by 2 ft, 2-T8-32 Watt U-lamps, Elec. Ballast 
Fluorescent, 2 ft by 4 ft, 2-T8-32 Watt lamps, Elect. Ball., 
Fluorescent, 2 ft by 4 ft, 2-T8-32 Watt lamps, Elect. Ball., Reflector 
Fluorescent, 2 ft by 4 ft, 2-34 Watt lamps, Elect. Ball., 
Fluorescent, 2 ft by 4 ft, 3-T8-32 Watt lamps, Elect. Ball., 
Fluorescent, 2 ft by 4 ft, 3-T8-32 Watt lamps, Elect. Ball., Reflector 
Fluorescent, 2 ft by 4 ft, 3 4 0  Watt lamps, Elect. Ball., 
High Pressure Sodium, Pendant Mount, 35 Watt 
High Pressure Sodium, Pendant Mount, 50 Watt 
High Pressure Sodium, Wall Mount, 400 Watt 
Low Pressure Sodium, Pendant Mount, 35 Watt 
Low Pressure Sodium, Pendant Mount, 55 Watt 
Low Pressure Sodium, Pendant Mount, 90 Watt 
Low Pressure Sodium, Pendant Mount, 135 Watt 
Low Pressure Sodium, Pendant Mount, 180 Watt 
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2.8 Lighting Control EROs 

Many of the interior lighted spaces within the many buildings at Fort Irwin have the potential for. ' 

reduced lighting energy consumption through the automatic control of lighting. These controls can reduce 
or eliminate lighting levels when there is ample daylight and/or no occupancy. 

2.8.1 Occupancy Sensor Lighting Control 

Description 

In many work spaces (offices, stock rooms, work bays, etc.) lights are left on all day. Often lights are 
left on by occupants who plan on being gdne only for a few minutes or want to assure others that they are 
"in." It is well established that a net savings will accrue any time that lights cim be turned off for more 
than a fraction of a minute.(a) The long-term costs of reduced lamp, ballast and switch life are more than 
offset by the accumulated energy savings. The control of interior lighting by occupancy sensors can reduce 
energy consumption in many Fort Irwin buildings. 

Occupancy-sensing switches are designed to detect occupant motion typical of the office environment 
and can be adjusted for sensitivity Bnd turn-off delay time to ensure proper performance in almost any 
work area. A variety of sensor control types are available. The two general technologies used in occu- 
pancy sensors'are ultrasonic and infrared. Ultrasonic sensors emit ultrasonic waves that bounce off of 
objects and are received by the sensor. A moving object will upset the stability of the returning waves 
indicating motion and occupancy. Infrared sensors read the infrared waves emitted from all objects. 
Waves that are "warmer" than the surroundings (human skin vs. furniture and walls) and change position 
are detected as occupancy. Ultrasonic technology is considered best when partitions or large furniture are 
present since the emitted waves will bounce around objects and return to the sensor. This same advantage 
can also cause the sensor to read adjoining spaces such as hallways if not properly adjusted. The infrared 
technology can more easily be adjusted to read specific areas but cannot deal well with partitioned areas. 
Sensor units also come in a variety of wall and ceiling mount styles designed to cover a variety of room 
sizes and shapes. 

In order to assess potential occupancy control across a majority of the commercial buildings at 
Fort Irwin, certain assumptions were necessarily made. These assumptions deal primarily with the estima- 
tion of building spaces that might be appropriate candidates for lighting occupancy control and are detailed 
here. 

Assumptions 

The technical assumptions are as follows: 

The number of control spaces for each space type (small office, large office, conference, lunchroom, 
copy room, restroom, hallway, and highbay) is based on data collected during on-site building audits as 
well as standard knowledge of building layouts. For each building type (office, barracks,'chapel, etc.) 
an assessment was made of the percentage of total square footage that was expected to fall into each of 
the space type categories. For example: 

(a) NCEL, "Turn off the lights," (energy) Tech Data Sheet 80-01 by William Pierpoint, Naval Civil Engineering 
Laboratory, Port Hueneme, California (Jan 1980). 
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Motorpool 
Administration (ADMIN) (MTRPOOL) 

small office 25% small office 2% 
large office 25% lunchroom 1% 
conference 5% restroom 0.5 % 
lunchroom 5% highbay 75% 
copy room 1 .% 
restroom 4% 

These percentages differ depending on the building type. Many building types are considered to have little 
or no potential control spaces (HUT, PUMP, CLUB, etc.) and are not included in the analysis. The appro- 
priate percentage values are multiplied by the total building square footage for each corresponding building 
type on site. The sums of the space type square footages for each building type become the total site 
square footages of space types that could have lighting controls installed. These total square footage values 
are then divided by an estimated typical square footage for each space type to arrive at numbers of space 
types at Fort Irwin that could be retrofitted with lighting controls: 

Site Constructed Buildings Modular Trailer Buildings 
small office = 1,474 MT small office = 626 
large' office = 625 MTlargeoffice = 275 
conference - 82 MT conference = 44 
lunchroom = 200 MTlunchroom = 39 
copy room = 63 MTcopyroom = 34 
restroom = 376 MT restroom = 100 
hallway = 228 MThallway = 0 
highbay = 230 MThighbay = 0 

- 

The Watts per space type values are derived from data collected during site visits and other typical 
lighting consumption data from other studies. The typical existing fixture used in these derivations 
consists of 34 and 40 watt lamps with standard electromagnetic ballasts. The typical T-8 lamp and 
ballast system is considered to consume only approximately 67% of the standard lamp and ballast 
system. 

Room Type 
small office 
large office 
conference 
lunchroom 
copy room 
restroom 
hallway 
highbay 

hr/yr 
530 
390 
582 
582 
582 
582 

0 
390 
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Annual operating hours are estimated at 2600 for all space types. The actual number will vary depend- 
ing on the building and space type. However, most are office related spaces that are generally operated 
on an office type schedule. In addition, they are on a regular evening cleaning schedule that assures the 
majority of spaces have lights turned off after hours (cleaning crews are consistent about turning lights 
off after cleaning). 

, 

. 

The hours of lighting operation potentially saved by occupancy control is based on previous study results 
of various space types and operational characteristics of the buildings at Fort Irwig. 

Since the nature of occupkcy sensor control is random among spaces controlled, no consistent demand 
is identifiable. Although some demand savings are, certain to exist, they are ignored in this analysis. 

The cost assumption is as follows: 

Cost data were derived from manufacturers’ and distributors’ literature and from Means. A typical unit 
for use in the types and sizes of spaces analyzed here is estimated to be approximately $72 installed. 

The quantitative results of this lighting ERO assessment appear in Table 2.13. The table contains 
specific energy, cost, and economic evaluation information for each lighting control area included in the 
ERO. 

Budget Implications. The total first cost of implementing the ERO for d l  potential occupancy 
control spaces is estimated to be $123,933. This includes the equipment, materials and associated labor. 

Energy Cost Savings. The electric energy savings associated with the ERO are estimated to be ~. 

1,618,813 kwh per year at a cost savings of $134,549. These estimates are based on 100% implemen- 
tation of the ERO for a typical operating year. 

Operations and Maintenance. Maintenance cost savings for this ERO are estimated to be $35,683 per 
. year due to reduced lamp replacement associated with lower ‘run hours. 

2.8.2 Daylight Sensor Lighting Control 

Description 

Some of the work spaces (offices, stock rooms, work bays, etc.) in Fort Irwin buildings have daylight- 
ing capacity through various window and/or skylight openings. It is well established that a net savings can 
occur when natural daylighting is utilized to offset the use of man-made light. Daylight dso is known to 
have positive effects on employee morale and productivity. The use of daylight by control of interior light- 
ing can reduce energy consumption in many Fort Irwin buildings. 

Daylight-sensing switches or dimmers are designed to detect the presence of daylight and either switch 
off or dim overhead lighting. The amount of energy saved will depend on sky conditions, orientation of 
the space to the sun, and the adjustment settings applied to the sensing equipment. Sensor units are pri- 
marily ceiling mounted and can be incorporated into occupancy controls. 
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Assumptions 

Most of the assumptions applied above in the occupancy sensor analysis apply here with the following 
exceptions: 

The number of control spaces is considerably less than those assumed in the occupancy sensor analysis. 
Only a percentage of the occupancy sensor spaces were considered to have daylight potential. The 
assumed percentages and estimated numbers of space types are: 

Site Constructed Buildings 
small office = 60% =884 
large office = 60% =375 
conference = 25% = 21 
lunchroom = 10% = 20 
copy room = 0% = 0 
restroom = O % =  0 
hallway = O % =  0 
highbay = 0.5% =115 

Modular Trailer Buildings 
MT small office 
MT large oftice 
MT conference 
MT lunchroom 
MT copy room 
MT restroom 
MT hallway 
MT highbay 

- 
= 40% = 
= 40% = 
= 25% = 
= 10% = 
= 0% = 
= 0% = 
= 0% = 
= 0% = 

- 
250 
110 
11 
4 
0 
0 
0 
0 

The expected hours of savings due to daylight sensor control is conservatively estimated to be 50% of 
current hours. Standard industry estiniates are approximately 75 % for well-designed systems. This 
value was reduced to 50% because this is being applied to existing rather than daylightdesigned spaces 
and the lighting requirements for cleaning must be included. 

The cost assumption is as follows: 

Cost data were derived from manufacturers’ and distributors’ literature and from Means. A typical unit 
for use in the types and sizes of spaces analyzed here is estimated to be approximately $68 installed. 

Results 

The quantitative results of this lighting ERO assessment appear in Table 2.13. The table contains 
specific energy, cost, and economic evaluation inforktion for each lighting control area included in the 
ERO. 

Budget Implications. The total first cost of implementing the ERO for all potential daylight control 
spaces is estimated to be $56,893. This includes the equipment, materials and associated labor. 

Energy Cost Savings. The electric energy savings associated with the ERO are estimated to be 
136,690 kwh per year at a cost savings of $11,361. These estimates are based on 100% implementation of 
the ERO for a typical operating year. 

Operations and Maintenance. Maintenance cost savings for this ERO are estimated to be $6,084 per 
year due to reduced lamp replacement associated with lower run hours. 
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2.8.3 Automatic Light Trimming and Dimming Systems (discussion only) 

Description 

Many systems are available today that are designed to control large areas of lighting by regulation of the 
wattage supplied to fluorescent and high-intensity discharge lighting ballasts. Several of these are com- 
bined with occupancy controls and various switching mechanisms to produce an integrated occupancy/ 
lighting level control mechanism. These systems can reduce lighting to a lower but acceptable level, pro- 
vide further dimming to low levels when there is no occupancy, and/or reduce lighting based on the 
presence of daylight. 

Based on our analysis of one such system in the commissary warehouse (currently 7 to 36 to 77 foot- 
candles), a 30% total reduction in conspmption (based on a mixture of trimming and estimated occupancy 
dimming as suggested by the control provider) will provide $2,096 in savings, including demand, but cost 
between $7,875 (first-year purchase) and $15,540 (7-year lease). This corresponds to a simple payback 
(for reference only) of 3.8 and 7.4 years, respectively. 

A standard retrofit of the same warehouse where existing lamps are permanently replaced with 22.5 % 
lower wattage lamps would result in a yearly savings of $1,502 including demand at a cost of $2,781 (first- 
year purchase). Similarly, a retrofit with 37.5% reduction in wattage would result in yearly savings of 
$2,403 at a cost of $2,430. Reference simple paybacks for these options are 1.85 and 1.01, respectively. 
The corresponding permanent reduction in lighting levels with these options would be 26% (5'to 27 to 
57 footcandles) and 55% (3 to 16 to 35 footcandles), respectively. With E S  recommendations for ware- 
houses, at 10 to 15 to 20 (depending on various factors), a majority of spaces would still meet 
recommended levels with either permanent reduction. In fact, most areas would still exceed these levels. 

The length of unoccupied periods is difficult to identify in this space since it is an active stocking room 
as well as a bulk stock retailing area. Actual unoccupied periods may be rather short. It also appears that 
the issue of widely varying lighting levels should be addressed prior to or along with any retrofits since at 
least large portions of the space are potentially overlit (36 to 77 footcandles). These data indicate that for 
this application a simple lamp retrofit may be more cost-effective than a large voltage control system. 
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Existing Lighting Operating P rn Number 
of 

Control 

os-1 
os-2 
OS-3 
OS-4 
OS05 
OS-6 
OS-7 
os-8 

OS-MT-1 
OS-MT-2 
OS-MT-3 
OS-MT-4 
OS-MT-5 
OS-MT-6 

DLC-1 
DLC-2 
DLC-3 
DLC-4 
DLC-8 

DLC-MT-1 
DLC-MT-2 
DLC-MT-3 
DLC-MT-4 

Watts Operating Schedule Energy Consumption 

Space . OnPeak MidPeak OfIP eak MidPeak 0llP eak On-Peak MWeak 011 -Peak Mi&Peak 011 -Peak 
per Summer I Winter Summer I Winter 

Small Office 
Large office 
Conference 
Lunchroom 
Copy Room 
Restroom 
Hallway 
Highbay 

MT Small Office 
MT Large Office 
MT Conference 
MT Lunchroom 
MT Copy Room 
MT Restroom 

Spaces (Walls) (Hours) (Hours) (Hours) (Hours) (Hours) 
Occ. Control 
Occ. Control 
Occ. Control 
Occ. Control 
Occ. Control 
Occ. Control 
Occ. Control 
Occ. Control 

Occ. Control 
Occ. Control 
Occ. Control 
Occ. Conlrol 
Occ. Control 
Occ. Control 

(kWh) (kWh) (kWh) (kWh) (kWh) 

Small bffice Daylight Control 
Large ORice Daylight Control 
Conference ' Daylight Control 
Lunchroom Daylight Control 
Highbay Daylight Control 

MT Small Office Daylight Control 
MT Large Office Daylight Control 
MT Conference Daylight Control 
MT Lunchroom Daylight Control 

884 
375 
21 
20 

115 

250 
110 
11 
4 

129 
423 
364 
410 

1,256 

221 
503 
415 
469 

433 
433 
433 
433 
433 

433 
433 
433 
433 

347 - 87 1 .%€I 

347 87 (560 
347 87 1,560 
347 87 1.560 
347 87 1;560 

347 87 1,560 
347 87 1,560 
347 87 1,560 
347 87 1,560 

173 
173 
173 
173 
173 

173 
173 
173 
173 

49,519 
68,647 
3,229 
3,551 

62,555 

23,967 
23,967 
1,997 

799 

39.684 
55,013 
2,588 
2,846 

50,131 

19,207 
19,207 
1,601 
640 

9,949 
13,793 

649 
713 

12,569 

4,816 
4,816 

401 
161 

178,404 
247,320 

11,635 
12,793 

225,371 

86,347 
86,347 
7,196 
2,878 

19,785 
27,427 
1,290 
1,419 

24,993 

9,576 
9,576 

798 
31 9 



Table 2.13. (contd) 

ID SpaceT+ 

Number Wans Operating Schedule Energy Consumption 

Control Space OnPeak MidPeak OtfP eak MidPeak OttP eak On-Peak Mid-Peak Off -Peak Mid-Peak 011 -Peak 
EROType Spaces (Walls) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kW h) (kWh) (kWh) 

of per Summer I Winler Summer I Winler 

OS1 SmallOffice 
OS2 LargeOffice 
OS3 Conference 
OS-4 Lunchroom 
OS5 CopyRoom 
OS6 Restroom 
0 5 7  Hallway 
OS8 Highbay 

OS-MT-1 MTSmall office 
OSMT-2 MT Large office 
OSMT-3 MT Conference 
OSMT-4 MT Lunchroom 
OS-MT-5 MT Copy Room 
OSMT-6 MT Restroom 

DLC-1 Small Office 
DLC-2 Large Office 
DLC-3 Conference 
DLC-4 Lunchroom 
DLC-8 Highbay 

DLC-MT-1 MT Small office 
DLC-MT-2 MT Large office 
DLC-MT-3 MT Conference. 
DLC-MT-4 MT Lunchroom 

Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 

Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 
Occupancy Control 

Daylight Control 
Daylight Control 
Daylight Control 
Daylight Control 
Daylight Control 

Daylight Conlrol 
Daylight Control , 
Daylight Control 
Daylight Control 

1,474 
625 
82 

200 
63 

376 
228 
230 

1,474 
625 
82 

200 
63 

376 

884 
375 
21 
20 

115 

590 
250 
21 
20 

190 345 
264 368 
29 336 
82 336 
6 336 

48 336 
134 . 433 
289 368 

190 345 
264 368 
29 336 
82 336 
6 336 

48 336 

190 217 
264 217 
29 217 
82 217 

289 217 

190 217 
264 217 
29 217 
82 217 

- 

276 
295 
269 
269 
269 
269 
347 
295 

276 
295 
269 
269 
269 
269 

1 74 
174 
174 
174 
1 74 

1 74 
1 74 
1 74 
1 74 

69 1,242 
74 1,326 
68 1,211 
68 1,211 
68 1,211 
68 1,211 
87 1.560 
74 1,326 

69 1.242 ~. 

74 (326 
68 1,211 
68 1;211 
68 1,211 
68 1,211 

44 780 
44 780 
44 780 
44 780 
44 780 

44 780 
44 780 
44 780 

' 44 780 

138 96.688 
147 60,724 
134 812 
134 5,494 
134 128 
134 6.096 
173 131229 
147 24,502 

138 96,6&3 
147 60,724. 
134 812 
134 5,494 
134' 128 
134 6,096 

87 36,433 
87 21,432 
87 131 
87 354 
87 7,206 

87 24,289 
87 14,288 - 

, 87 131 
87 354 

77,485 
48,663 

651 
4,403 

102 
4,885 

10,602 
19,635 

77,485 
48,663 

651 
4,403 

102 
4,885 

29,197 
17,175 ' 

105 
284 

5,775 

19,465 
11,450 

105 
284 

348,345 
218,773 

2,927 
19,794 

460 
21,962 
47,661 
88,273 

348,345 
218,773 

2,927 
19,794 

460 
21,962 

131,261 
77,214 

471 
1,275 

25,963 

87,507 
51,476 

471 
1,275 

19.427 
12,201 

163 
1,104 

26 
1,225 
2,658 
4,923 

19.427 
. 12,201 

163 
- 1,104 

26 
1,225 

7,320 
4,306 

26 
71 

1,448 

4,880 
2,871 

26 
71 

38,631 
24.261 

325 
2,195 

51 
2,435 
5,285 
9.789 

38.631 
24,261 

325 
2,195 

51 
' 2,435 

14.557 
8,563 

52 
141 

2,879 

9,704 
5,709 

52 
141 



Table 2.13. (contd) 

ID 

Lighting Control ERO Economic Parameters 
I I Existina I Retrofit I I Cost I Tolal I Tolat I I Annualized I i I 

Annual& Annualized Number of per Sensor Sensor Energy Energy 
O&M O&M Control Sensor Cost Rebate Savings Savings NPV 
cost Cost Sensors (1994s) (1994$) (1994s) (kWh) (1994$) (1994s) SIR 

DLC-lb 
OS-2b 
OS3b 
OS-4b 
OS-% 
OS-6b 
OS-7b 
OS-8b 

DLC-MT-2b 
OS-MT-3b 
OSMT-4b 
OS-MT-% 

Totals: 
Om. Sensor 
Daylight Sensor 

6,290 
14,533 
1,641 
4,510 

325 
2,674 
7,352 

15,892 

3,044 
1,015 
1,015 

203 

49,159 
9,334 

2,334 
7,105 

90 
609 
14 

676 
1,680 
2,588 

91 5 
90 
609 
14 

13,476 
3,250 

884 
625 
82 

200 
63 

376 
228 
230 

250 
82 

200 
63 

2,149 
1,134 

68 60,139 15,146 78,572 
72 45.000 9,671 322,379 
72 5,904 1,771 72,686 
72 14.400 4.320 180.231 

6,531 135,586 4.01 
26,795 554,005 16.68 
6,041 126,608 31.63 

14.980 31 5.071 32.26 .._. 
72 4:536 438 14:598 11213 22:149 640 
72 27.072 2.694 89.811 7,465 138,582 668 

22.283 469.897 41.89 72 161416 41925 268;094 
72 16,560 4,968 604,115 

68 17,000 5,100 58,118 
72 5,904 1,293 43,092 
72 14,400 449 14,980 
72 4,536 265 8,827 

154,728 30,795 1,618,813 
77.139 20,246 136,690 

50121 2 1.082;188 94.36 

4,831 107,946 10.07 
3.582 72.991 16.83 
1:245 . 14;477 2.04 

734 11.615 3.72 

134.549 2,907,585 22.65 
11,361 243,532 4.28 



2.9 Manual Fan, Pump and Compressor Motor EROs 

The motor ERO analysis at Fort Irwin considered two primary efficiency options. The first involves the 
replacement of a single-speed, standard-efficiency motor with a high-efficiency model. The second con- 
siders the addition of variable-speed drive (VSD) controls, where applicable. 

This analysis addresses the fan, pump and air compressor motors associated with HVAC and compres- 
sed air systems, as well as drive motors for water wells and lift stations. 

The replacement of currently installed standard efficiency motors with high-efficiency models was 
evaluated on both a replace-immediately (RI) and replace-on-failure @OF) basis. A variable-speed drive 
was considered in any application where reduced pump or fan flow rate is acceptable for a significant 
fraction of the motor's operating time. There are two possibilities for variable-speed drives: 1) add the 
VSD to the existing motor, and 2) install a new energy-efficient motor (EEM) with the VSD. This makes a 
total of three mutually exclusive motor ERO options for the situations where VSDs were considered. 

. 

An inventory of motors was developed using the Real Property List (RPL) and from information 
obtained from site personnel. . 

2.9.1 Energy-Efficient Motors 

Energy-efficient, three-phase motors are manufactured with predominantly open drip proof (ODP) or 
total enclosed fan cooled (TEFC) enclosures. Motors up to 200 hp can be obtained in either 1200, 1800, 
or 3600 rpm. They are particularly attractive in duty-cycling applications because they suffer less thermal 
stress than standard efficient motors due to lower losses overall. There are some applications, however, in 
which EEMs would not be a good alternative; namely, insituations where high starting torque is needed. 
This is because EEMs are optimized for low slip operation, which generally results in lower starting torque 
than for standard efficiency motors. For most W A C  fan and pump applications, the starting torque is not 
an issue. However, the starting characteristics should be kept in mind in preparing retrofit specifications 
for such things as the compressor motors. 

Description 

This ERO considers the replacement of existing single-speed motors by the best currently available 
energy-efficient models. The majority of motors analyzed in this study fell under the duty-cycling or air- 
handling applications in which EEMs are clearly a viable option. 

Assumptions 

The technical assumptions are as follows: 

The motor inventory was developed using the RPL and by information obtained from site personnel. 
In addition, several motor types that were found during site visits were added to the motor listing. 
Nameplate data were collected as part of 'the inspections and is included for these motors. 

Some equipment types with sharply different operating hours were assigned appropriate schedules. 

Existing motors were considered to be sized correctly for current operations. However, significant 
additional savings can probably be obtained by evaluating the size of each motor in relation to its load at 
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the time of replacement. It is particularly important to check for fans and pumps that are producing 
higher flow rates than necessary and pumps that have been throttled with valves or flow regulators. 

0 Existing, new standard, and new energy efficient motor efficiencies,&based on data from Motor Master 
(Washington State Energy Office 1993) for hp > 1 and W. W. Grainger (1991) for hp < 1, are shown in 
the following table. Existing motors were assumed to have an average 2% efficiency loss over new 
standard replacements to account for age and wear. 

Efficiency 
hP Existing New Std. EEM 
1/4 0.48 0.50 0.78 
1/2 0.53 0.55 0.78 
3 I4 0.58 0.60 0.80 
1 0.805 0.825 0.865 

1.5 0.805 0.825 0.865 
2 0.805 0.825 0.866 
3 0.82 0.84 0.895 
5 0.835 0.855 0.902 

7.5 0.855 0.875 0.917 
10 0.855 0.875 0.917 
15 0.865 0.885 0.93 
20 0.882 0.902 0.934 
25 0.89 0.91 0.941 
30 0.89 0.91 0.941 
40 0.897 0.917 0.945 
50 0.902 0.924 0.95 
60 .0.905 0.925 0.952 
100 0.916 0.936 0.958 
125 0.918 0.938 0.96 
150 0.921 0.941 0.962 
200 0.925 0.945 0.962 

Cost estimating data are as follows: 

Maintenance costs for standard and high-efficiency motors are the same. 

Motor costs are based on the energy-efficient ODP motor costs reported in Motor Master 
(Washington State Energy Office 1992) for hp > 1, and W. W. Grainger (1991) for hp < 1, as 
shown in the following table. The list price is shown; substantial (-25-50%) discounts should 
be available for volume purchases. The rebate incentives shown are from Southern California 
Edison (1992). The rebates cannot exceed 30% of the installed cost of the motor. 
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Motor Rating High Efficiency Rebate 
(hP) Motor Cost Q Incentive 
1 I4 $113 $0 
112 
314 
1 

1.5 
- 2  
3 
5 

7.5 
10 
15 
20 
25 
30 
40 
50 
60 
100 
125 
150 
200 

$133 
$149 
$381 
$371 
$442 
$415 
$478 
$647 
$780 

$1,042 
$1,268 
$1,658 
$1,969 
$2,574 
$3,200 
$3,346 

$5,367 
$6,801 
$8,592 

$3,933 

$15 
$16 
$14 
$18 
$20 
$35 
$40 
$60 
$70 
$90 

$120 
$135 
$175 
$200 
$230 
$270 
$320 
$450 
$500 
$550 

The cost of installation labor, based on data,from EZecb?caZ Cost Data (Means 1992b), is given 
below. The labor cost is double what is reported in Means to account for removal of the existing 
motor. 

Motor Rating (hp) Installation Cost 
1 5  $74 

7.5 
10 

' 15 
. 20 

25 
30 
40 
50 
60 

100 
125 
150 
200 

2.75 

$81 
$84 

$105 
$129 
$136 
$140 
$169 
$210 
$242 
$371 
$428 
$479 
$582 



Motor life expectancy is 15 years. 

Results 

Quantitative results of the ERO analysis are presented in Tables 2.14 through 2.22. These tables con- 
tain specific energy, cost and economic data for each motor considered for replacement. The results are 
discussed in general terms below. 

Budget Implications. The first cost of all cost-effective energy-efficient motor retrofits is $1,118,902, 
consisting of the replace-immediately implementations at $761,867 for the equipment costs, $380,497 for 

Equipment Labor Rebate 
Cost, RI cost, RI Incentive 

Building Type (1994 $) (1994 $1 (1994 $1 
ADMIN 24,239 11,174 2,516 
BRK/ADM 136,721 86,210 2,256 

Clinic 2,269 538 204 
Club 1,916 1,184 48 
DGR 3,113 1,554 335 
Dining 3,582 1,924 329 
FAM. HSG. 3 69,73 6 242,128 0 
FUELDSP 298 148 32 
Grocery 17,707 2,560 1,550 
Hospitl 1,935 384 155 
Hotel 2,825 1,850 0 
Kitchen 452 296 0 
LAB-MED 0 0 0 
MTRPOOL 16,048 4,886 1,543 
MWR 3,270 1,924 172 
Other. 149 74 16 
PLT-BLDG 1,458 592 147 
PUMP-BLG 1,967 40 1 178 
REC 776 222 72 
Securty 149 74 16 
Shop 4,099 1,535 424 
SHOP-ELC 1,043 518 112 
SHOP-WPN 149 74 16 
STOR-UH 0 0 0 
Traing 544 296 47 
WHS-CLD 1,322 444 100 
WHS 10,596 . 4,865 1,076 
Pump Motors 154,908 14,346 12,054 
Totals 761,867 380,497 23,462 

Chapel 596 296 64 
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the labor costs, and a credit of $23,462 for the rebates. The table on the previous page shows the first 
costs for the replace immediately options. The RI options were the only ones that turned out to be cost- 
effective. None of the ROF options were optimal. 

Energy, Demand, and Cost Savings. The electric energy savings associated with all cost-effective 
implementations of this ERO are estimated to be 1,756,678 kwh per year at a cost savings of $104,555 per 
year. Demand savings are estimated to be 7,017 kW-months per year with a cost savings of $92,073 per 
year. The total NPV for all cost-effective EEM motor replacements is $1,861,641. The following table 
details the energy and demand savings, and NPV by building type: 

Energy Energy Demand Demand Net Present 
Building Savings Savings (1994 Savings Savings Value 

Type ( k w Y r )  $/Yr) (kW-mo/yr) (1994 $/yr) (1994 $) 
Admin 57,465 4,810 259 3,047 90,187 
BRWADM 
Chapel 
Clinic 
Club 
DGR 
Dining 
FAM. HSG. 
FUELDSP 
Grocery 
Hospitl , 

Hotel 
Kitchen 
LAB-MED 
MTRPOOL 
MWR 
Other 
PLT-BLD G 
PUMP-BLG 
REC 
securty 
Shop 
SHOP-ELC 
SHOP-WPN 
S T 0 R - U H 
Traing 
WHS-CLD 
WHS 
Pump Motors 
Totals 

259,735 
1,292 
2,825 
7,140 
8,619 
9,139 

728,924 
646 

33,029 
7,837 
11,934 
2,208 

0 
30,133 
11,509 
.323 
3,461 
2,954 
1,453 
323 

7,116 
2,261 
323 
0 

1,679 
5,802 
21,163 
537,385 

1,756,678 

18,681 
120 
234 
465 
755 
806 

44,049 
60 

1,831 
408 
686 
125 
0 

2,268 
880 
30 
299 
184 
68 
20 
458 
142 
20 
0 
81 
109 

1,324 
25,642 
104,555 

2.77 

1 , 143 
6 
24 
27 
42 
47 

2,934 
3 

133 
22 
39 
7 
0 

141 
42 
2 
16 

. 22 
7 
2 
42 
11 
2 
0 
8 
14 
109 

1,913 
7,017 

12,027 
81 
207 
244 
446 
497 

55,548 
41 
940 
174 
341 
57 
0 

1,498 
358 
21 
156 
237 
118 
30 
639 
211 
30 
0 

146 
342 

1,932 
12,705 
92,073 

220,727 
2,320 
4,023 
8,022 
14,920 
15,215 
892,658 
1,160 
21,760 
7,011 
11,259 
2,111 

0 
38,073 
14,413 
577 

5,138 
4,221 
1,910 
585 

11,644' 
4,061 
580 
0 

2,813 
5,452 
36,270 
444,531 

1,861,641 



2.9.2 Variable Speed Drives 

Variable speed drives (VSD) can be added to HVAC motor applications to reduce energy consumption 
without compromising system performance. Fans and pumps are sized to meet the maximum load, even 
though this may occur only a few hours a year. In addition, motors are generally oversized to account for 
uncertainties in duct, coitand register pressure losses, as well as to provide additional capacity in the event 
of future remodeling. The VSD varies motor speed to just meet the load, practically eliminating the energy 
waste that results from oversizing. In fixed-speed applications, the VSD-controlled motor is not as effi- 
cient as a correctly sized line-powered motor, but the VSD-controlled motor is often easier to implement 
because of uncertainty in existing and future conditions. 

The VSD offers several other advantages over the line-powered single-speed motor. The VSD provides 
"soft-starting," ramping up to speed rather than an abrupt step-up to full power. This will decrease wear 
on the motor, drive train, and fan, as well as allow for instant restart in the event of momentary power 
interruption. Longer equipment life and lower noise levels will occur due to lower average operating 
speed. 

Description 

Single-speed motors larger than 1 hp used in air-handling units, chilled and condenser water pumps, and 
cooling tower fans have been considered for replacement. Because of their relatively low energy consump- 
tion and high per-hp cost, application of VSDs to motors of less than 1 hp is not considered in this 
analysis. 

Assumptions 

The technical assumptions are as follows: 

The operation schedules are the same as those for the single-speed motor ERO. 

The highest savings for VSDs in AHUs is achieved when the system is converted to variable air 
volume (VAV). The VSD will save approximately 71 % of the existing constant volume fan motor 
energy, and 58% of existing inlet vane VAV motor energy (Moses et al. 1989). These are general 
estimates, since individual motor load profile data are required to fully analyze the savings for each 
VSD application. 

Chilled water pumps were considered to be directly related to the air-handling units and therefore 
have similar percentage savings. 

Blast heaters, condenser water pumps, and cooling tower fans with VSDs were assumed to use 50% 
less energy than the existing conditions. 

Power ventilators with VSDs were also assumed to have 50% savings. 

Cost estimating parameters are as follows: 

VSD controller costs (installed) are shown in the following table. VSD costs were obtained from 
several manufacturers. These costs are approximate for a wide range of sizes and system types; actual 
costs may be higher or lower depending on individual circumstances. 
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Motor Rating, hp VSD Cost ($) 
1 
2 
3 .  
5 

7.5 
10 
15 
20 
25 
30 
40 
50 
60 
100 
125 
150 
200 

1,061 
1,188 
1,368 
1,368 
1,600 
2,168 
2,769 
3,48 1 
4,420 
4,645 
7,150 
6,985 
8,690 
12,980 
13,240 
13,890 
15,180 ' 

Additional costs for individual motor types are given in the following table: 

Motor Type Additional Cost Description 
AH and chilled water pumps $2400/hp for AH 

$600/hp for pump retrofit. 
$200 each Proportional thermostat. 

For motors requiring CV to VAV 

Blast heater 
Condenser water pump and 
cooling tower fans 

$100 each Proportional aquastat. 

VSD life expectancy is 15 years. 

Quantitative results of the ERO analysis are presented in Tables 2.23 and 2.24. These tables contain 
specific energy, cost and economic data for each motor considered for replacement. Summary results of 
the VSD ERO analysis are presented in the tables below. All motors larger than 1 hp that were considered 
for VSD retrofit are included. There were three options analyzed in each case: installing a new energy- 
efficient motor (EEM), adding a VSD to the existing motor, and installing an EEM with a VSD. Only the 
EEM option and the EEM and VSD proved to be cost-effective. None of the options of VSD to the 
existing motor was optimal. 

Budget Implications. The first cost of the VSD and EEM EROs is $224,363, and the EEM motor mea- 
sures cost is $30,546, for a total cost of $255,149. There will be an additional annual maintenance ' 
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cost for the VSD and EEM option due to the added controls of $240. There is a $5,993 rebate incentive 
for the fan motor VSD and EEM option, and $1,371 for the pump motors. The following table shows the 
first cost for both VSD options by motor type: 

Equipment Labor Equipment Labor 
Motor Cost, EEM Cost, EEM Cost, VSD & Cost, VSD & 
Type (1994 $) (1994 $) EEM (1994 $) EEM (1994 $) 

Fan 18,903 2,926 
Motors 

' Pump 7,844 873 
Motors 

166,043 827 

55,965 1,528 

Totals: 26 , 747 3,799 222,008 2,355 

Energy, Demand, and Cost Savings. The electric energy savings associated with all cost-effective 
implementations of this ERO are estimated to be 532,724 kwh per year at a cost savings of $35,831 per 
year. The demand savings are estimated to be 325 kW-months per year at a cost savings of $2,780 per 
year. The total NPV for all cost-effective implementations is $318,423. The following table details the 
energy and demand savings by motor type: 

Energy Energy Demand Demand Net Present 
Savings Savings Savings Savings Value 

Motor Type ( k W y r )  (1994Vyr) (kW-mo/yr) (1994$/yr) (1994 $) 
Fan Motors (EEM) 23,961 1,702 121 89 1 16,406 
Fan Motors (VSD & EEM) 397,613 23,632 76 499 183,591 

Pump Motor (VSD & EEM) 105,985 10,074 77 862 113,102 
Totals: 532,724 35,831 325 2,780 318,423 

Pump Motors (EEM) 5,165 423 51 528 5,324 

Operations and Maintenance. Additional maintenance associated with this ERO is small ,but not 
negligible. Controls for the replacement VSDs will have a fmite failure rate that is reflected in the 
estimated maintenance costs. 
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2.9 .3  Downsized 

Description 

Energy Efficient Motor ERO (discussion only) 

Motors become oversized as a cumulative result of successive safety factors used in the design process. 
Safety factors are used to account for performance loss over time, scale build-up in pipes, duct obstruc- 
tions, design uncertainties, or to allow for possible future expansion. In the initial design of a building it is 
routine to size the system, add 20% safety factor, then round up to 'the nearest standard motor size. It has 
been estimated that one-fifth of all motors over 5 horsepower (hp) installed in U.S. buildings are more than 
250% oversized (Nadel et al. 1991). Motors are considered oversized when the majority of the operating 
time is spent at or below 40% of the nameplate rating. 

Motor efficiency drops off sharply below about 40% of rated nameplate, as much as 2 4 %  less efficient 
than at 50% of rated load. Power factor also drops steadily with load. Thus, an oversized motor'will run 
at low efficiency and power factor, increasing energy costs and requiring costly power factor correction or 
utility charges for reactive current. For this reason, it is recommended that when replacing motors (on 
failure of the existing motor, or when upgrading to energy efficient motors) studies be undertaken to deter- 
mine the correct size for the motor system. Efficiency peaks at about 75% for EEMs and about 100% for 
standard efficiency motors. While it is unrealistic to size a motor for exactly 100% of the load, an attempt 
should be made to size the motor so the majority of the operating time is spent within 50-75% of the rated 
nameplate to ensure the highest performance and efficiency. 

Detailed analysis of this ERO was .not performed due to lack of required data. In order to make deci- 
sions regarding downsizing existing motors, detailed information as to motor size, operating time, and exist- 
ing load are required. This information will need to be collected on an individual motor basis. Sue  is 
found on the motor nameplate, operating time can be estimated based on the motor application (or spot 
metered for a few days), and the load currently on the motor can be measured using an electric power 
demand analyzer, such as the Dranetz Technologies Series 808. 

Only those motors that operate at or 'less than 40% of rated nameplate should be considered, and then 
only a subset of those will cgst-effective depending on annual operating hours and size. As stated above, 
improving a motor from 40-50 %' of rated capacity can increase efficiency by up to 8 % . Even larger gains 
are possible for grossly oversized motors. This efficiency improvement can be added to the savings from 
switching from standard efficiency motors to EEMs as discussed in Section 2.9.1 above. 

2 .9 .4  Properly Sized Pumps (discussion only) 

It has been estimated that 22 billion kwh of energy are used annually in pump shaft power consumption 
in the national defense area. This represents roughly 4% of the U.S. total (US. Department of Energy 
February 1980). The differences in pump efficiency from one unit to the next can range from 20-40%. 
Determining the optimal size and characteristics of replacement pumps can result in some dramatic savings, 
not only for the facility, but for the nation as a whole. 

Centrifugal pumps operate along a curve on a head-capacity diagram for a given shaft speed. Depending 
on the characteristics of the load associated with the pump, the pump will operate at one point on the 
curve. If the pump is not sized properly, pump operation will not be near the design point and low effi- 
ciencies will result. 
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Various pumps were recorded during the audit of Fort Irwin. A case study of several different pumps is 
provided below to illustrate the possible savings available by replacing pumps with the correctly sized unit 
for the particular application. To conduct a thorough analysis of the pump-associated energy savings 
potential at Fort Irwin would require more detailed information on a case-by-case basis. 

Case Study 

There are various methods available to analyze pump information and ascertain the overall operating 
characteristics. Pump catalogs can be consulted for the appropriate pump curve, or a software package 
associated with punp-related information could be used. For this analysis, a software tool called PUMP- 
FLO (Engineered Software, Inc. 1986-1993) was used. 

PUMP-FLO is a software package that can upload various manufacturers pump catalogs on computer 
disk. To use the program, the design point information is input (gallons per minute and feet of head). 
Various catalogs are then uploaded into the program to ascertain specifics about a particular pump. 
PUMP-FLO will give details such as the type, size, speed, impeller size, efficiency, and net positive suc- 
tion head (inlet head required above the vapor pressure) about many different pumps available for that par- 
ticular application. An individual can then make an informed decision about which pump to choose. To 
illustrate the procedure and the possible savings, two examples are given below. 

During the audit of Fort Irwin, various pumps and their characteristics were noted. One example is a 
chilled water pump, the details of which are as follows: 80 gpm; 60 ft  of head; 9.25" impeller; 1750 rpm. 
This pump is about 43 % efficient running at 1,750 rpm. However, a search of the PUMP-FLO database 
shows that a 58%-efficient pump is available with a 8.25" impeller. Thus, a 13% efficiency improvement 
could be gained by replacing this pump. Furthermore, in this example, the %%-efficient pump may not be 
any more expensive (it could even be cheaper) than the 43 %-efficient pump. 

In one of the PUMP-BLDG units, 690 gpm was being pumped with 90 ft  of head. PUMP-FLO shows a 
range of efficiencies for pumps meeting these criteria from 5842%. This is a range of 24%. Therefore, 
choosing the proper pump to replace this unit would have positive economic benefits over the entire life- 
cycle. 

Generally speaking, pump prices are independent of the efficiency within a given category. Therefore, 
when replacing pumps, it is recommended that various pump catalogs be consulted to determine the opti- 
mal pump curve for an application. Having various pump catalogs linked into a pump software package 
which allows an individual to quickly choose an optimal unit is a valuable tool. By choosing the correct 
pump, rather large efficiency improvements can be gained. Software such as PUMP-FLO has shown there 
to be as much 2040% difference between the least and most efficient pumps that will meet the particular 
needs of an application. 

2.9.5 Rewind Existing Motors (discussion only) 

Description 

Most motors fail because the bearings go out or the windings fail, usually because of insulation degrada- 
tion, overheating, aging, and overvoltage conditions. When bearings or windings are the failing com- 
ponent, the old windings may be stripped and replaced with new wire. Generally, this is done on motors 
over 10 hp. However, there are various other considerations (Nadel et al. 1991). The greatest concern'is 
that the motor is usually not as efficient after the rewind (1-5% less efficient). Often, there are other 

2.82 



hidden problems that are not found during the rewind process. Therefore, this option was not analyzed. 
Properly sizing a new premium efficiency motor or switching to a premium efficiency motor with a VSD, 
if applicable, should be considered. 
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Table 2.14. Administration Building Energy Efficient Motor EROs 

ID 

Equipmenl Location and Description Operating Schedule Energy Consumption Energy Demand 
Existing Summer Summer Wlnler Summer Winler No.of Summer Summer Winter Summer Winter On-Peak Midpeak 

Bldg Fac. No. of Motor On Peak Mid Peak Midpeak Off Peak Of1 Peak Months OnPeak Mid-Peak Mid-Peak Offpeak Ofl-Peak Summer Winler 
Type No. Type Unils HP (E19 (Hours) (HOUIS) (Hours) (Hours) (Hours) On Peak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

MTR-1 
MTR-100 
MTR-101 
MTR-102 
MTR-103 
MTR-104 
MTR-105 
MTR-106 
MTR-107 
MTR-108 
MTR-109 
MTR-110 
MTR-111 
MTR-112 
MTR-113 
MTR-114 
MTR-115 
MTR-116 
MTR-117 
MTR-118 
MTR-119 
MTR-120 
MTR-121 
MTR-122 
MTR-123 
MTR-124 
MTR-125 
MTR-126 
MTR-127 
MTR-128 
MTR-129 
MTR-130 
MTR-131 
MTR-132 
MTR-133 
MTR-134 
MTR-135 
MTR-136 
MTR-137 
MTR-138 
MTR-139 
MTR-140 
MTR-141 

ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 

ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 

~ M I N  

00988 aircmp 
00157 Evap. clr 
00157 Evap. clr 
00236 Evap clr 
00237 Evap. clr 
00237 Evap. clr 
00241 Evap. clr 
00248 Evap. clr 
00256 Evap.clr 
00257 Evap. clr 
00279 Evap. clr 
00261 Evap. clr 
00261 Evap. clr 
00320 Evap. clr 
00372 Evap. clr 
00372 Evap. 'clr 
00372 Evap. clr 
W408 Evap. clr 
0041 1 Evap. clr 
00415 Evap. clr 
00425 Evap. cIr 
00426 Evap. clr 
00428 Evap. clr 
00429 Evap. clr 
00433 Evap. clr 
W436 Evap. cIr 
00437 Evap. clr 
00437 Evap. clr 
00439 Evap. ctr 
00441 Evap. clr 
00442 Evap. clr 
00443 Evap. clr 
00443 Evap. ck 
00444 Evap. clr 
00445 Evap. clr 
00451 Evap. clr 
00452 Evap. clr 
00452 Evap. clr 
00453 Evap. ck 
00454 Evap. clr 
00458 Evap. clr 
00458 Evap. clr 
00464 Evap. clr 

1 1.5 80.5% 
1 1 80.5% 
1 0.75 58.0% 
3 1 80.5% 
8 0.75 58.0% 
1 0.75 58.0% 
3 0.75 58.0% 
3 2 80.5% 
5 1 80.5% 
5 1 80.5% 
5 2 80.5% 
1 2 80.5% 
1 5 84.5% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
2 1.5 80.5% 
2 0.75 58.0% 
2 0.75 58.0% 
3 0.75 58.0% 
1 0.75 58.0% 
1 1.5 80.5% 
3 0.75 58.0% 
3 0.75 58.0% 
1 0.75 58.0% 
1 1.5 80.5% 
3 0.75 58.0% 
2 0.75 58.0% 
2 1.5 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
2 0.75 58.0% 
1 1.5 80.5% 

.6 0.75 58.0% 
1 1 80.5% 
2 0.75 58.0% 
1 0.75 58.0% 
3 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 

523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

352 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

1,205 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

364 
484 
504 

1.451 
4,028 

504 
1,511 
2,902 
2,419 
2.419 
4.837 

967 
2,304 

504 
504 

1.007 
504 

1,007 
1,451 
1.007 
1.007 
1,511 

504 
726 

151 1 
1.511 

504 
726 

1,511 
1.007 
1,451 

504 
504 

1,007 
1,007 

726 
3,021 

484 
1,007 

504 
1,511 

504 
1.007 

245 
308 
320 
923 

2,562 
320 
961 

1.846 
1.538 
1,538 
3,077 

615 
1.466 

320 
320 
641 
320 
641 
923 
641 
641 
961 
320 
462 
961 
961 
320 
462 
961 
641 
923 
320 
320 
641 
641 
462 

308 
641 
320 
961 
320 
641 

1 

838 
337 
35 1 

1,010 
2,805 

351 
. 1,052 

2,021 
1,684 
1,684 
3.368 

674 
1.604 

351 
351 
701 
351 
701 

1,010 
701 
701 

1,052 
351 
505 

1,052 
1,052 

351 
505 

1,052 
701 

1,010 
351 
351 
701 
701 
505 

2,104 
337 
701 
351 

1 ,052 
351 
70 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
4 
4 

11 
31 

4 
12 
22 
19 
19 
37 

7 
18 
4 
4 
8 
4 
8 

11 
8 
8 

12 
4 
6 

12 
12 
4 
6 

12 
8 

11 
4 

. 4  
8 
8 
6 

23 
4 
8 
4 

12 
4 
8 

11 
2 
2 
6 

15 
2 
6 

11 
9 
9 

19 
4 
9 
2 
2 
4 
2 
4 
6 
4 
4 
6 
2 
3 
6 
6 
2 
3 
6 
4 
6 
2 
2 
4 
4 
3 

12 
2 
4 
2 
6 
2 
4 



Table 2.14. (contd) 

Equipment Location and Desuiption Operating Schedule Energy Consumplion Energy Demand 

Bldg Fac. No. of Motor OnPeak MidPeak MidPeak OffPeak OflPeak Months On-Peak MidPeak MidPeak Off-peak OflPeak Summer Winter 
Exisling Summer Summer Wlnler Summer Winter No.of Summer Summer Winler Summer Winter OnPeak MidPeak 

ID Type No. Type Unils HP (EffJ 

MTR-142 
MTR-143 
MTR-144 
MTR-145 
MTR-146 
MTR-147 
MTR-148 
MTR-149 
MTR-150 
MTR-151 
MTR-152 
MTR-153 
MTR-1 54 
MTR-155 
MTR-156 
MTR-157 
MTR-158 
MTR-159 
MTR-160 
MTR-161 
MTR-1 62 
MTR-163 
MTR-164 
MTR-165 
MTR-166 
MTR-167 
MTR-168 
MTR-169 
MTR-170 
MTR-171 
MTR-172 
MTR-173 
MTR-174 
MTR-175 

' MTR-176 
MTR-177 
MTR-178 
MTR-179 
MTR-180 
MTR-181 
MTR-182 
MTR-183 
MTR-184 

(Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (W) (kWh) (kWmo) (kWmo) 

ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 

00464 Evap. ctr 
00466 Evap. clr 
00479 Evap. clr 
00483 Evap. clr 
00497 Evap. clr 
00498 Evap. clr 
00499 Evap. clr 
00504 Evap. clr 
00504 Evap. clr 
o0508 Evap. clr 
00510 Evap. clr 
00513 Evap. ctr 
00520 Evap. clr 
00521 Evap. clr 
00524 Evap. clr 
00528 Evap. clr 
00527 Evap. clr 
00528 Evap.dr 
00528 Evap. clr 
00529 Evap. clr 
00539 Evap. clr 
00543 Evap. clr 
00543 Evap. clr 
00544 Evap. cIr 
00544 Evap. clr 
00549 Evap. clr 
Qo551 Evap. clr 
00554 Evap. clr 
00564 Evap.clr 
00570 Evap.clr 
00576 Evap. clr 
00579 Evap. clr 
O0580 Evap.clr 
00583 Evap,clr 
00604 Evap. clr 
00604 Evap.clr 
00813 Evap. clr 
00930 Evap. clr 
00930 Evap. clr 
00988 Evap. clr 
00988 Evap. ck 
00988 Evap. clr 
00988 Evap. clr 

1 0.75 .58.0% 
2 1 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 56.0% 
1 0.75 . 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
4 0.75. 58.0% 
2 0.75 56.0% 
1 0.75 58.0% 
6 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58,'0% 
1 0.75 58.0% 
1 0.75 58.0% 
3 0.75 58.0% 
2 0.75 58.0% 
1 1.5 80.5% 
1 1.5 80.5% 
1 0.75 58.0% 
3 0.75 58.0% 
4 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 1 80.5% 
3 1.5 80.5% 
1 1.5 80.5% 
1 0.5 53.0% 
1 0.75 58.0% 
1 0.5 53.0% 
2 0.5 53.0% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
6 
8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

504 
967 
504 
504 
504 
504 

1.007 
504 

1.007 
504 
504 

2,014 
1,007 

504 
3,021 
1,007 

504 
504 

1,007 
504 

1 ,007 
504 
504 

1,511 
1.007 

726 
726 
504 

1,511 
2.014 

504 
504 
504 

1,007 
504 
504 
967 

2,177 
726 
367 
504 
367 
735 

320 
615 
320 
320 
320 
320 
641 
320 
641 
320 
320 

1,281 
641 
320 

1.922 
64 1 
320 
320 
641 
320 
641 
320 
320 
961 
641 
462 
462 
320 
961 

1,281 
320 
320 
320 
641 
320 
320 
615 

1,385 
462 
234 
320 
234 
467 

351 
674 
351 
351 
351 
351 
701 
351 
701 
351 
351 

1,402 
701 
351 

2,104 
701 
351 
351 
701 
351 
701 
351 
351 

1,052 
701 
505 
505 
351 

1,052 
1.402 

351 
351 
351 
701 
351 
351 
674 

1,516 
505 
256 
351 
256 
512 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
7 
4 
4 
4 
4 
8 
4 
0 
4 
4 

15 
8 
4 

23 
8 
4 
4 
8 
4 
8 
4 
4 

12 
0 
6 
6 
4 

12 
15 
4 
4 
4 
6 
4 
4 
7 

17 
6 
3 
4 
3 
6 

2 
4 
2 
2 
2 
2 
4 
2 
4 
2 
2 
8 
4 
2. 

12 
4 
2 
2 
4 
2 
4 
2 
2 
6 
4 
3 
3 
2 
6 
8 
2 
2 
2 
4 
2 
2 
4 
8 
3 
1 
2 
1 
3 



Table 2.14. (contd) 

Equipment Localion and Description Operaling Schedule Energy Consumption Energy Demand 

Bldg Fac. No. of Motor On Peak Mid Peak Mid Peak OH Peak OH Peak Months On-Peak MidPeak Mid-Peak Off-peak OffPeak Summer Winter 
Existing Summer Summer Wlnter Summer Winter No.01 Summer Summer Winter Summer Winter On-Peak Mid-Peak 

ID Type No. Type Unils HP (EH) 

MTR-185 
MTR-186 
MTR-187 
MTR-38 
MTR-39 
MTR-419 
MTR-420 
MTR-424 
MTR-428 
MTR-431 
MTR-98 
MTR-99 

(Hours) (Hours) (Hours) (Hours) (Hours) On Peak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kw-mo) 

ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 

06201 Evap. clr 2 0.75 
06201 Evap. clr 1 0.75 
07600 Evap. clr 1 0.75 
00985 cond 1 0.75 
00985 cond 2 0.75 
00433 EFU 1 0.25 
00439 EFU 1 0.25 
00988 RTU 1 0.5 
OW88 anptr,flr units 5 3 
00988 RTU 6 0.5 
00101 Evap. clr 6 0.75 
00152 Evap. clr 1 5  

58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
48.0% 
48.0% 
53.0% 
82.0% 
53.0% 
58.0% 
83.5% 

522 
522 
522 

0 
0 

523 
523 
522 
523 
522 
522 
522 

332 
332 
332 

0 
0 

349 
349 
332 
786 
332 
332 
332 

363 0 0 
363 0 0 
363 0 0 

1,215 0 2,846 
1,215 0 2.846 
1,560 0 0 
1,560 0 0 
363 0 0 

2,254 1.619 3,578 
363 0 0 
363 0 0 
3 6 3 0  0 

6 
8 
6 

12 
12 
12 

12 
12 
12 
6 .  
6 

1? 

1,007 
504 
504 

0 
0 

203 
203 
367 

7.137 
2.204 
3.021 
2,332 

64 1 
320 
320 

0 
0 

136 
136 
234 

10,726 
1,402 
1,922 
1,483 

701 
35 1 
35 1 
586 

1,172 
606 
606 

. 256 
30,759 

1,535 
2,104 
1.624 

0 0 
0 0 
0 0 
0 995 
0 1.990 
0 0 
0 0 
0 0 

22,093 44.735 
0 0 
0 0 
0 0 

8 4 
4 2 
4 2 
4 8 
8 15 
2 3 
2 3 
3 6 

55 109 
17 34 
23 12 
18 9 



Table 2.14. (contd) 

Equiprnenl Localion and Desaiplion Operaling Schedule Eneryy Consumption. Energy Demand 

ERO Bldg Fac No ol Molw On Peak Mid Peak Mid Peak Off Peak Off Peak OnPeak MidPeak MidSeak Off-Peak OffPeak Summer Winler 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winler OnPeak MidPeak 

ID Desaipl Type No Type Units HP (EH) 

MTR-1 
MTR-100 

' MTR-101 
. MTR-102 

MTR-103 
MTR-104 
MTR-105 
MTR-106 
MTR-107 
MTR-108 
MTR-109 
MTR-110 
MTR-111 
MTR-112 
MTR-113 
MTR-114 
MTR-115 
MTR-116 
MTR-117 
MTR-118 
MTR-119 
MTR-120 
MTR-121 
MTR-122 
MTR-123 
MTR-124 
MTR-125 
MTR-126 
MTR-127 
MTR-128 
MTR-129 
MTR-130 
MTR-131 
MTR-132 
MTR-133 
MTR-134 
MTR-135 
MTR-136 
MTR-137 
MTR-138 
MTR-139 
MTR-140 
MTR-141 

(Hours) (Hours) (Hours) (Hours) (Hours) (kwh) (kWh) (kwh) (kWh) (kWh) (Wino) (kWmo) 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM . 
EEM 
E E i  
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 
ADMlN 

ADMlN 
ADMlN 
AOtvflN 
ADMIN 
ADMlN 
ADMlN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 

AMIN 

00988 a i r m p  
001 57 Evap. clr 
00157 Evap. clr 
00236 Evap. clr 
00237 Evap. clr 
00237 Evap. clr 
00241 Evap. clr 
00248 Evap. clr 
00256 Evap. clr 
00257 Evap. clr 
00279 Evap. clr 
00281 Evap. clr 
00281 Evap. clr 
00320 Evap. clr 
00372 Evap. clr 
00372 Evap. clr 
00372 Evap.clr 
00408 Evap. clr 
00411 Evap. clr 
00415 Evap. clr 
00425 Evap. clr 
00426 Evap,clr 
00428 Evap. clr 
00429 Evap. clr 
00433 Evap. clr 
00436 Evap. clr 
00437 Evap.clr 
00437 Evap. clr 
00439 Evap. clr 
00441 Evap. clr 
W 4 2  Evap. cir 
00443 Evap. clr 
00443 Evap. clr 
00444 Evap. clr 
00445 Evap. clr 
00451 Evap. clr 
00452 Evap. clr 
00452 Evap. clr 
00453 Evap. clr 
00454 Evap. clr 
00458 Evap. clr 
00458 Evap. clr 
00464 Evap. clr 

1 1.5 86.5% 
1 1 86.5% 
1 0.75 80.0% 
3 1 86.5% 
8 0.75 80.0% 
1 0.75 80.0% 
3 0.75 80.0% 
3 2 86.6% 
5 1 86.5% 
5 1 86.5% 
5 2 86.6% 
1 . 2 86.6% 
1 5 90.2% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
2 1.5 86.5% 
2 0.75 80.0% 
2 0.75 80.0% 
3 0.75 80.0% 
1 0.75 80.0% 
1 1.5 86.5% 
3 0.75 80.0% 
3 0.75 80.0% 
1 0.75 80.0% 
1 1.5 86.5% 
3 0.75 80.0% 
2 0.75 80.0% 
2 1.5 66.5% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
2 0.75 80.0% 
1 1.5 88.5% 
6 0.75 80.0% 
1 1 86.5% 
2 0.75 80.0% 
1 0.75 80.0% 
3 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 

523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

352 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

1.205 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
%xi 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 3 3 8  
0 450 
0 365 
0 1.351 
0 2,921 
0 365 
0 1,095 
0 2,698 
0 2,251 
0 2,251 
0 4.497 
0 899 
0 2.159 
0 365 
0 365 
0 730 
0 365 
0 730 
0 1.351 
0 730 
0 730 
0 1,095 
0 365 
0 675 
0 1,095, 
0 1,095 
0 365 
0 675 
0 1.095 
0 730 
0 1,351 
0 365 
0 365 
0 730 
0 730 
0 675 
0 2,190 
0 450 
0 730 
0 365 
0 1.095 
0 365 
0 730 

228 
286 
232 
859 

1.858 
232 
697 

1.716 
1,432 
1.432 
2,860 

572 
1,373 

232 
232 
464 
232 
464 
859 
464 
464 
697 
232 
429 

,697 
697 
232 
429 
697 
464 
859 
232 
232 
464 
464 
429 

1,393 
288 
464 
232 
697 
232 
464 

779 
313 
254 
940 

2.034 
254 
763 

1,879 
1.567 
1,567 
3,131 

626 
1.503 

254 
254 
508 
254 
508 
940 
508 
508 
!63 
254 
470 
763 
763 
254 
470 
763 
508 
940 
254 
254 
508 
508 
470 

1,525 
313 
508 
254 
763 
254 
508 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5.2 
3.4 
2.8 

10.3 
22.4 
2.8 
8.4 

20.7 
17.2 
17.2 
34.5 
6.9 

16.5 
2.8 
2.0 
5.6 
2.8 
5.6 

10.3 
5.6 

8.4 
2.8 
5.2 
8.4 
8.4 
2.6 
5.2 
8.4 
5.6 

10.3 
2.0 
2.6 
5.6 
5.6 
5.2 

16.8 
3.4 
5.6 
2.0 
8.4 
2.8 
5.6 

5.6 

10.3 
1.7 
1.4 
5.2 

11.2 
1.4 
4.2 

10.3 
8.6 
0.6 

17.2 
3.4 
8.3 
1.4 
1.4 
2.8 
1.4 
2.8 
5.2 
2.8 
2.6 
4.2 
1.4 
2.6 
4.2 
4.2 
1.4 
2.6 
4.2 
2.8 
5.2 
1.4 
1.4 
2.8 
2.8 
2.6 
6.4 
1.7 
2.8 
1.4 
4.2 
1.4 
2.8 



Table 2.14. (contd) 

ID 

Equipmenl Localion and Descriplion Opwaling Schedule Energy Consumplion Energy Demand 
EEM Summer Summer Wlnler Summer Winler Summer Summw Winler Summer Winter On-Peak MidPeak 

ERO Bldg Fac No 01 Motor On Peak Mid Peak Mid Peak Off Peak Off Peak OnPeak MidPeak MidPeak OffPeak OH-Peak Summer Winter 
Descripl Type No Type Units HP (Ef9 (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

MTR-142 
MTR-143 
MTR-144 
MTR-145 
MTR-146 
MTR-147 
MTR-148 
MTR-149 
MTR-150 
MTR-151 
MTR-152 
MTR-153 
MTR-154 
MTR-155 
MTR-156 
MTR-157 
MTR-158 
MTR-159 
MTR-160 
MTR-161 
MTR-162 
MTR-163 
MTR-164 
MTR-165 
MTR-166 
MTR-167 
MTR-168 
MTR-169 
MTR-170 
MTR-171 
MTR-172 
MTR-173 
MTR-174 
MTR-175 
MTR-176 
MTR-177 
MTR-178 
MTR-179 
MTR-180 
MTR-181 
MTR-182 
MTR-183 
MTR-184 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 

00464 Evap. clr 
00466 Evap. clr 
00479 Evap. clr 
00483 Evap. clr 
00497 Evap. clr 
00498 Evap. clr 
00499 Evap. clr 
o0504 Evap. clr 
o0504 Evap. clr 
O0508 Evap.clr 
00510 Evap. clr 
00513 Evap. clr 
00520 Evap. clr 
00521 Evap. clr 
00524 Evap. clr 
00526 Evap.clr 
00527 Evap.clr 
00528 Evap. clr 
00528 Evap. clr 
00529 Evap.clr 
00539 Evap. clr 
00543 Evap. clr 
.00543 Evap. clr 
00544 Evap. clr 
00544 Evap. clr 
00549 Evap. clr 
00551 Evap.clr 
00554 Evap. clr 
CQ564 Evap. clr 
00570 Evap. clr 
00578 Evap. clr 
00579 Evap. clr 
o0580 Evap. clr 
00583 Evap. clr 
oO604 Evap. clr 
oO604 Evap.ck 
00813 Evap. clr 
00930 Evap. clr 
o0930 Evap.clr 
00988 Evap. clr 
00988 Evap.clr 
00988 Evap. clr 
00988 Evap. clr 

1 0.75 80.0% 
2 1 86.5% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
4 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
6 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
3 0.75 80.0% 
2 0.75 80.0% 
1 1.5 86.5% 
1 1.5 86.5% 
1 0.75 80.0% 
3 0.75 80.0% 
4 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
2 1 86.5% 
3 1.5 86.5% 
1 1.5 86.5% 
1 0.5 78.0% 
1 0.75 80.0% 
1 0.5 78.0% 
2 0.5 78.0% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 365 
0 9 0 0  
0 365 
0 365 
0 365 
0 365 
0 730 
0 365 
0 730 
0 365 
0 3 6 5  
0 1,460 
0 730 
0 365 
0 2,190 
0 730 
0 365 
0 365 
0 730 
0 3 6 5  
0 730 
0 365 
0 365 
0 1.095 
0 730 
0 675 
0 675 
0 365 
0 1,095 
0 1,460’ 
0 365 
0 365 
0 365 
0 730 
0 365 
0 3 6 5  
0 9 0 0  
0 2.026 
0 675 
0 250 
0 3 6 5  
0 250 
0 499 

232 
573 
232 
232 
232 
232 
464 
232 
464 
232 
232 
929 
464 
232 

1,393 
464 
232 
232 
464 
232 
464 
232 
232 
697 
464 
429 
429 
232 
697 
929 
232 
232 
232 
464 
232 
232 
573 

1,288 
429 
1 59 
232 
159 
318 

254 
627 
254 
254 
254 
254 
508 
254 
508 
254 
254 

1.017 
508 
254 

1,525 
508 
254 
254 
508 
254 
508 
254 
254 
763 
508 
470 
470 
254 
763 

1,017 
254 
254 
254 
508 
254 
254 
627 

1,411 
470 
174 
254 
174 
348 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.8 
6.9 
2.8 
2.8 
2.8 
2.8 
5.6 
2.8 
5.6 
2.8 
2.8 

11.2 
5.6 
2.8 

16.8 
5.6 
2.8 
2.8 
5.6 
2.8 
5.6 
2.8 
2.8 
8.4 
5.6 
5.2 
5.2 
2.8 
8.4 

11.2 
2.8 
2.8 
2.8 
5.6 
2.8 
2.8 
6.9 

15.5 
5.2 
1.9 
2.8 
1.9 
3.8 

1.4 
3.4 
1.4 
1.4 
1.4 
1.4 
2.8 
1.4 
2.8 
1.4 
1.4 
5.6 
2.8 
1.4 
8.4 
2.8 
1.4 
1.4 
2.8 
1.4 
2.8 
1.4 
1.4 
4.2 
2.8 
2.6 
2.6 
1.4 
4.2 
5.6 
1.4 
1.4 
1.4 
2.8 
1.4 
1.4 
3.4 
7.8 
2.6 
1.0 
1.4 
1.0 
1.9 



Table 2.14. (contd) 

Equipment Location and Description Operating Schedule Energy Consumplion Energy Demand 

ERO BIdg Fac No of Motw On Peak Mid Peak Mid Peak 011 Peak Of1 Peak OnPeak Mid-Peak MidPeak GffPeak Offpeak Summer Winter 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winter On-Peak MidPeak 

ID OeSaipt Type No Tvpe Units HP (Eff) 

MTR-185 
MTR-186 
MTR-187 
MTR-38 
MTR-39 
MTR-419 
MTR-420 
MTR-424 
MTR-428 
MTR-431 

' MTR-98 
MTR-99 

(Hours) (Hours) (Hours) (Hours) (Hours) (kwh) (kWh) (kwh) (kWh) (kWh) (kWmo) '(kWmo) 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

ADMIN 
ADMlN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 
ADMlN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 
ADMIN 

06201 Evap. clr 
06201 Evap.clr 
07600 Evap. clr 
00985 cond 
00985 cond 
00433 EFU 
00439 EFU 
00988 RTU 
00988 anptr. nr ur 
00988 RTU 
00101 Evap. clr 
00152 Evap. clr 

2 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
2 0.75 80.0% 
1 0.25 78.0% 
1 0.25 78.0% 
1 0.5 78.0% 

i t s  5 3 89.5% 
6 0.5 78.0% 
6 0.75 80.0% 
1 5.902% 

522 332 363 0 0 730 464 508 0 
522 332 363 0 0 365 232 254 0 
522 332 363 0 0 365 232 254 0 

0 0 1,215 0 2.846 0 b 425 0 
0 0 1.215 0 2,846 0 0 850 0 

523 349 1,560 0 0 125 83 373 0 
523 349 1,560 0 0 125 83 373 0 
522 332 363 0 0 250 159 174 0 
523 786 2,254 1,619 3.578 6.539 9.827 28,181 20.242 
522 332 363 0 0 1.498 953 1,043 0 
522 332 363 0 0 2.190 1.393 1.525 0 
522 332 363 ' 0 0 2.159 1,373 1.503 0 

0 
0 
0 

995 
1.990 

0 
.O 
0 

44,735 
0 
0 
0 

5.6 2.8 
2.8 1.4 
2.8 1.4 
2.8 5.6 
5.6 11.2 

1.0 1.9 
1.9 3.8 

50.0 100.0 
11.5 23.0 
16.8 8.4 
16.5 8.3 

1.0 1.9 , 

c 



Table 2.14. (contd) 

RI 
a 

ID ROF 

Annual Energy and Demand Savings l i fe Cycle Cos1 
Equip labor Rebate Mainl. Energy Demand Energy Demand Total 
Price Cost Incentive Cod l i fe Savings Savings Savings Savings Savings NW 

ERO (1994s) (1994s) (1994$) (1994s) (Years) (kWh) (kw-mo) (1994s) (1994s) (19940) (1994s) SIR 

MTR-10 1 
MTR-103 
MTR-104 
MTR-105 
MTR-111 
MTR-112 
MTR-113 
MTR-114 
MTR-115 
MTR-116 
MTR-118 
MTR-119 
MTR-120 
MTR-121 
MTR-123 
MTR-124 
MTR-125 
MTR-127 
MTR-128 
MTR-130 
MTR-131 
MTR-132 
MTR-133 
MTR-135 
MTR-137 
MTR-138 
MTR-139 
MTR-140 
MTR-141 
MTR-142 
MTR-144 
MTR-145 
MTR-146 
MTR-147 
MTR-148 
MTR-149 
MTR-150 
MTR-151 
MTR-152 
MTR-153 
MTR-154 
MTR-155 
MTR-156 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 

149 
1.192 

149 
447 
478 
149 
149 
298 
149 
298 
298 
298 
447 
149 
447 
447 
149 
447 
298 
149 
149 
298 
298 
894 
298 
149 
447 
149 
298 
149 
149 
149 
149 
149 
298 
149 
298 
149 
149 
596 
298 
149 
894 

74 
592 
74 

222 
74 
74 
74 

148 
74 

148 
140 
148 
222 
74 

222 
222 
74 

222 
148 
74 
74 

148 
148 
444 
140 
74 
222 
74 

148 
74 
74 
74 
74 
74 

140 
74 

148 
74 
74 

296 
148 
74 

444 

16 0 
128 0 
16 0 
48 0 
40 0 
1 6 .  0 
16 0 
32 0 
16 0 
32 0 
32 0 
32 0 
48 0 
16 0 
48 0 
48 0 
16 0 
48 0 
32 0 
16 0 
16 0 
32' 0 
32 0 
9 6 0  
32 0 
16 0 
48 0 
16 0 
32 0 
16 0 
16 0 
16 0 
16 0 
16 0 
32 0 
16 0 
32 0 
16 0 
16 0 
64 0 
32 0 
16 0 
9 6 0  

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
t5 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

323 
2.584 

323 
969 
340 
323 
323 
646 
323 
646 
646 
646 
969 
323 
969 
969 
323 
969 
646 
323 
323 
646 
646 

1,938 
646 
323 
969 
323 
646 
323 
323 
323 
323 
323 
646 
323 
646 
323 
323 

1,292 
646 
323 

1,938 

2 
13 
2 
5 
2 
2 
2 
3 

. 2  
3 
3 
3 
5 
2 
5 
5 
2 
5 
3 
2 
2 
3 
3 

10 
3 
2 
5 
2 
3 
2 
2 
2 
2 
2 
3 
2 
3 
2 
2 
6 
3 
2 

10 

30 
238 
30 
89 
26 
30 
30 
60 
30 
60 
60 
60 
90 
30 
90 
89 
30 
90 
59 
30 
30 
59 
60 

181 
60 
30 
90 
30 
60 
30 
30 
30 
30 
30 
59 
30 
59 
30 
30 

120 
60 
30 

177 

20 
160 
20 
60 
18 
20 
20 
41 
20 
41 
41 
41 
61 
20 
61 
60 
20 
61 
40 
20 
20 
40 
41 

122 
41 
20 
61 
20 
41 
20 
20 
20 
20 
20 
40 
20 
40 
20 
20 
81 
41 
20 

120 

50 
398 
50 

149 
44 
50 
50 

101 
50 

101 
101 
101 
151 
50 

151 
1 40 
50 

151 
99 
49 
49 
99 

101 
302 
101 
50 

151 
50 

101 
50 
50 
50 
50 
49 
99 
50 
99 
50 
50 

202 
101 
49 

297 

580 3.80 
4,669 3.82 

580 3.80 
1.751 3.82 

50 1.10 
580 3.80 
580 3.80 

1,160 3.80 
580 3.80 

1.160 380 
1,160 3.80 
1,160 3.80 
1,740 3.80 

580 3.80 
1.740 3.80 
1,756 3.83 

580 3.80 
1,740 3.80 
1.171 3.83 

585 3.83 
585 3.83 

1,171 3.83 
1,160 3.80 
3,481 3.80 
1,160 3.80 

580 3.80 
1,740 3.80 

580 3.80 
1,160 3.80 

580 3.80 
580 3.80 
580 3.80 
580 3.80 
585 3.83 

1,171 383 
580 3.80 

1,171 3.83 
580 3.80 
580 380 

2,320 3.80 
1,160 3.80 

585 3.83 
3,513 3.83 



Table 2.14. (contd) 

Life Cycle Cost Annual Energy and Demand Savings 
RI Equip Labor Rebate Mainl. Energy Demand Energy Demand Total 
OT Price Cost lncenlive Cost Life Savings Savings Savings Savings Savings NW 

ID ROF ERO (1994s) (1994s) (1994s) (1994s) (Years) (kWh) (kWmo) (1994s) (1994s) (1994s) (1994s) SIR , 
MTR-157 
MTR-158 
MTR-159 
MTR-160 
MTR-161 
MTR-162 
MTR-163 
MTR-164 
MTR-165 
MTR-166 
MTR-169 
MTR-170 
MTR-171 
MTR-172 
MTR-173 
MTR-174 
MTR-175 
MTR-176 
MTR-177 
MTR-181 
MTR-182 
MTR-183 
MTR-184 
MTR-185 
MTR-186 
MTR-187 
MTR-38 
MTR-39 
MTR-419 
MTR-420 
MTR-424 
MTR-428 
MTR-431 
MTR-98 
MTR-99 

Totals: 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
Rt EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
Rt EEM 
RI EEM 
RI EEM 
RI EEM 
Rl EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 

298 
149 
149 
298 
1 49 
298 
149 
149 
447 
298 
149 
447 
596 
149 
149 
149 
298 
149 
149 
133 
149 
133 
266 
298 
149 
149 
149 
298 
1 13 
113 
133 

2,075 
798 
894 
478 

24.239 

148 
74 
74 

148 
74 

148 
74 
74 

222 
148 
74 

222 
296 
74 
74 
74 

148 
74 
74 
74 
74 
74 

148 
148 
74 
74 
74 

148 
74 
74 
74 

370 
444 
444 
74 

11,174 

32 0 
16 0 
16 0 
32 0 
16 0 
32 0 
16 0 
16 0 
48 0 
32 0 
16 0 
48 0 
64 0 
16 0 
16 0 
16 0 
32 0 
16 0 
16 0 
15 0 
16 0 
15 0 
3 0 0  
32 0 
16 0 

. 16 0 
16 0 
32 0 
0 0  
0 0  

15 0 
175 0 
9 0 0  
9 6 0  
40 0 

2,516 0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 
15 
15 
15 
15 
15 
15 

15 

646 
323 
323 
646 
323 
646 
323 
323 
969 
646 
323 
969 

1.292 
323 
323 
323 
646 
323 
323 
275 
323 
275 
549 
646 
323 
323 
539 

1,077 
363 
363 
275 

10,017 
1,648 
1,938 

404 

57,465 

3 
2 

3 
2 
3 
2 
2 
5 
3 
2 
5 
6 
2 
2 
2 
3 
2 
2 
1 
2 
1 
3 
3 
2 
2 
3 
6 
2 
2 

14 
16 
i o  
2 

259 

2 

. s  

60 
30 
30 
60 
30 
60 
30 
30 
90 
59 
30 
90 

120 
30 
30 
30 
60 
30 
30 
26 
30 
25 
51 
61 
30 
-30 
27 
54 
30 
30 
26 

491 
154 
183 
33 

4,810 

41 
20 
20 
41 
20 
41 
20 
20 
61 
40 
20 
61 
81 
20 
20 
20 
41 
20 
20 
17 
20 
17 
35 
41 
20 
20 
25 
50 
14 
14 
21 
96 

128 
123 

. 2 2  

3,047 

101 
50 
49 

101 
50 

101 
49 
50 

151 
99 
50 

151 
202 
50 
50 
50 

101 
50 
50 
43 
50 
42 
86 

102 
50 
50 
52 

104 
45 
45 
47 

586 
283 
306 
55 

7,857 

1.160 3.80 
580 3.80 
585 3.83 

1.160 3.80 
580 3.80 

1.160 3.80 
585 3.83 
580 3.80 

1.740 3.80 
1.171 3.83 

580 3.80 
1.740 3.80 
2.320 3.80 

580 3.80 
580 3.80 
580 3.80 

1,160 3.80 
580 3.80 
580 3.80 
475 3.47 
580 3.80 
499 3.60 
950 3.47 

1,154 3.79 
580 3.80 
580 3.80 
605 3.92 

1,211 3.92 
514 3.75 
514 3.75 

6,930 4.05 
3,265 3.83 
3,462 3.79 

232 1.45 

90,187 3.74 

544 3.83 



Table 2.15. Barracks Building Energy Efficient Motor EROs 

ID 

Equipment Localion and Description Operaling Schedule Energy Consumplion Energy Demand 
Exisling Summer Summer Wlnler Summer Winler No, of Summer Summer Winler Summer Winler On-Peak Mid-Peak 

El@ Fac. No. 01 Molor On Peak Mid Peak Mid Peak OH Peak 011 Peak Months On-Peak MidPeak MidPeak Off-peak OlfPeak Summer Winler 
Type No. Type Unils HP (Ell) (Hours) (Hours) (Hours) (Hours) (Hours) On Peak (kWh) (kWh) (kWh) (kW h) (kWh) (kWmo) (kWmo) 

MTR-188 
MTR-189 
MTR-190 
MTR-191 
MTR-192 
MTR-193 
MTR-194 
MTR-195 
MTR-196 
MTR-197 
MTR-198 
MTR-199 
MTR-200 
MTR-201 
MTR-202 
MTR-203 

p MTR-204 
\o MTR-205 

MTR-207 
MTR-208 
MTR-209 
MTR-210 
MTR-211 
MTR-212 
MTR-213 
MTR-214 
MTR-215 
MTR-216 
MTR-217 
MTR-218 
MTR-219 
MTR-220 
MTR-221 
MTR-222 
MTR-223 
MTR-224 
MTR-225 
MTR-226 
MTR-227 
MTR-228 
MTR-229 
MTR-230 

h, MTR-206 

BRKlADM 00014 Evap. clr 
BRKlADM ooo98 Evap.clr 
BRKlADM 00102 Evap. clr 
BRKlADM 00103 Evap. clr 
BRKlADM 00104 Evap. clr 
BRKlADM 00249 Evap. clr 
BRKlADM 00249 Evap. clr 
BRKlADM 00250 Evap. clr 
BRKlADM 00250 Evap.clr 
BRK/ADM 00251 Evap.clr 
BRKlADM 00251 Evap. clr 
BRKlADM 00252 Evap. clr 
BRKlADM 00252 Evap. clr 
BRKlADM 00261 Evap. clr 
BRKlADM 00261 Evap. ck 
BRKlADM 00262 Evap.clr 
BRKlADM 00262 Evap.clr 
BRKlADM 00264 Evap.clr 
BRKlADM 00264 Evap. clr 
BRKlADM 00265 Evap.clr 
BRKlADM 00265 Evap. clr 
BRKlADM 00267 Evap. ck 
BRKlADM 00267 Evap.clr 
BRKlADM 00412 Evap. clr 
BRKlADM 00413 Evap.clr 
BRKlADM 00414 Evap.clr 
BRKlADM 00416 Evap.clr 
BRKlADM 00417 Evap. clr 
BRKlADM 00418 Evap. clr 
ERKlADM 00419 Evap. clr 
BRKlADM 00420 Evap. clr 
BRKlADM 00421 Evap. clr 
BRKlADM 00422 Evap.clr 
BRKlADM 00423 Evap. clr 
BRKlADM 00434 Evap. clr 
BRKlADM 00440 Evap. clr 
BRKlADM 00448 Evap.clr 
BRKlADM 00487 Evap. clr 
BRKlADM 00489 Evap. clr 
BRKlADM 00491 Evap.clr 
BRKlqM 00493 Evap.clr 
BRKIAOM 00494 Evap.clr 
BRKlADM 00511 Evap.clr 

1 0.75 58.0% 
1 0.75 58.0% 
6 0.75 58.0% 
6 0.75 58.0% 
6 0.75 58.0% 
1 0.75 58.0?? 
1 0.75 58.0% 
1 0.75 ,58.0% 
1 0.75 58.036 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 

22 0.75 58.0% 
4 0.75 58.0% 
4 1.5 80.5% 
6 0.75 58.0% 
4 1.5 80.5% 
4 1.5 80.5% 
4 1.5 80.5% 
4 1.5 80.5% 
4 1.5 80.5% 
4 1.5 80.5% 
4 1.5 80.5% 
6 0.75 58.0% 
6 0.75 58S% 
6 0.75 58.0% 
1 1.5 80.5% 
1 1.5 80.5% 
1 1.5 80.5% 
1 1.5 80.5% 
1 1.5 80.5% 
5 0.75 58.00h 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 '  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

6 504. 
6 504 
6 3.021 
6 3.021 
6 3,021 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 504 
6 11,078 
6 2,014 
6 2,902 
6 3.021 
6 2,902 
6 2,902 
6 2,902 
6 2,902 
6 2,902 
6 2,902 
6 2.902 
6 3,021 
6 3,021 
6 3.021 
6 726 
6 726 
6 726 
6 726 
6 726 
6 2.518 

721 506 
72 1 506 

4,324 3,039 
4.324 3,039 
4,324 3,039 

721 506 
721 506 
72 1 506 
72 1 506 
72 1 506 
72 1 506 
721 506 
721 506 
72 1 506 
72 1 506 
721 506 
721 506 
72 1 506 
721 506 
721 506 
72 1 506 
72 1 506 
721 506 

15,853 11.142 
2,882 2,026 
4,154 2,919 
4,324 3,039 
4.154 2,919 
4.154 2.919 
4,154 2,919 
4,154 2,919 
4,154 2,919 
4,154 2,919 
4.154 2,919 
4,324 3,039 
4.324 3.039 
4,324 3,039 
1,038 730 
1.038 730 
1,038 730 
1.038 730 
1,038 730 
3,603 2,532 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 4 2 
0 4 2 
0 23 12 
0 23 12 
0 23 12 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2. 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 4 2 
0 85 42 
0 15 8 
0 22 11 
0 23 12 
0 22 11 
0 22 11 
0 22 11 
0 22 11 
0 22 11 
0 22 11 
0 2 2  11 
0 2 3  12 
0 2 3 ,  12 
0 23 12 
0 6 3 
0 6 3 
0 6 3 
0 6 3 
0 6 3 
0 19 10 



Table 2.15. (contd) 

ID 

Equipment Location and Description Operating Schedule Energy Consumption Energy Demand 
Existing Summer Summer Wlnter Summer Winler No.of Summer Summer Winter Summer Winter OnPeak MidPeak 

Bldg Fac. No. of Motor OnPeak MidPeak MidPeak OffPeak OflPeak Months OnPeak MidPeak Mid-Peak OffPeak Ofl-Peak Summer Winter 
Tvpe No. Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kwh) (kwh) (kwh) (kwh) (kwh) (kWmo) (kWmo) 

BRWADM 00512 Evap.clr 6 0.75 58.0% 
BRWADM 00514 Evap. clr 6 0.75 56.0% 
BRWADM 00516 Evap.clr 6 0.75 58.0% 
BRWADM, 00518 Evap.ck 6 0.75 58.0% 
BRWADM 00519 Evap.ctr 1 1.5 80.5% 
BRWADM 00523 Evap. clr 6 0.75 58.0% 
BRWADM 00530 Evap.clr 6 0.75 58.0% 
BRWADM 00534 Evap.clr 6 0.75 58.0% 
BRWADM .00540 Evap. clr 6 0.75 58.0% 
BRWADM 00105 FCU 16 0.25 48.0% 
BRWADM 00106 FCU 16 -0.25 48.0% 
BRWADM 00107 FCU 16 0.25 48.0% 
BRWADM 00108 FCU 16 0.25 48.0% 
BRWADM 00110 FCU 20 0.25 48.0% 
BRWADM 00111 FCU 16 0.25 48.0% 
BRWADM 00249 FCU * 1 0.25 48.0% 
BRWADM 00249 FCU 29 0.25 48.0% 
BRWADM 00249 FCU 1 0.25 48.0% 
BRWADM 00249 FCU 1 0.25 48.0% 
BRWADM 00249 FCU 1 0.25' 48.0% 
BRWADM 00249 FCU 4 0.25 48.0% 
BRWADM 00249 FCU 16 0.25 48.0% 
BRWADM, 00250 FCU 1 0.25 48.0% 
BRWADM 00250 FCU 1 0.25 48.0% 
BRWADM 00250 FCU 16 0.25 48.0% 
BWADM 00250 FCU 29 0.25 48.0% 
BRWADM 00250 FCU 4 0.25 48.0% 
BRWADM do250 FCU 1 0.25 48.0% 
BRWADM 00250 FCU 1 0.25 48.0% 
BRWADM 00251 FCU 16 0.25 48.0% 
BRWMM @I251 FCU 1 0.25 48.0% 
BRWADM 00251 FCU 29 0.25 48.0% 
BRWADM 00251 FCU 1 0.25 48.0% 
BRWADM 00251 FCU 1 0.25 48.0% 
BRWADM 00251 FCU 1 0.25 48.0% 
BRWADM 00251 FCU ' 4 0.25 46.0% 
BRWADM 00252 FCU 1 0.25 48.0% 
BRWADM 00252 FCU 16 0.25 48.0% 
BRWADM W252 FCU 1 0.25 48.0% 
BRWADM 00252 FCU 1 0.25 48.0% 
BRKlADM 00252 FCU 29 0.25 48.0% 
BRWADM 00252 FCU 1 0.25 48.0% 
BWADM 00252 FCU 4 0.25 48.0% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 '; 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

747 525 0 0 
747 525 0 0 

747 525 0 0 
747 525 0 0 
747 525 0 0 
747 525 0 0 
747 525 0 0 
747 525 0 0 

0 1,215 108 2,846 
0 1,215 108 2.846 
0 1.215 108 2,846 
0 1,215 108 2,846 
0 1.215 108 2.846 . 
0 1,215 108 2,846 
0 1,215 108 2,846 ' 

0 1.215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 

0 1,215 108 2,846 * 

0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 
0 1,215 108 2,846 

0 1,215 108 2,846 
0 1,215 108 2.846 
0 1,215 108 2,846 
0 1,215 108 2.846 
0 1.215 108 2,846 
0 1,215 108 2,846 
0 1.215 108 2,846 

0 1.215 108 2.846 
0 1,215 108 2#846 
0 1.215 108 2.846 
0 12t5 108 2.846 

747 .525 0 0 

0. 1.215 108 2,846 

o 1,215 ioa 2,846 

0 1,215 108 2,846 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

3.021 
3,021 
3.021 
3.021 

726 
3.021 
3,021 
3.021 
3.021 

0 
0 
0 

0 
0 
0 
0 

. o  
0 
0 

- 0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o  

4.324 3.039 
4.324 3.039 
4,324 3,039 
4.324 3.039 
1.038 730 
4,324 3.039 
4.324 3,039 
4.324 3,039 
4.324 3.039 

0 3,777 
0 3,777 , 

0 3,777 
0 3,777 
0 4,721 
0 3,777 
0 236 
0 6,845 
0 236 
0 236 ' 

0 236 
0 944 
0 3 3 7  
0 236 
0 236 
0 3.777 
0 6,845 
0 944 . 
0 238 
0 236 
0 3,777 
0 236 
0 6,845 
0 236 
0 236 
0 236 
0 944 
0 236 
0 3,777 
0 . 2 3 6  
0 .  236 
0 6,845 
0 236 
0 944 

0 0 23 12 
0 0 23 12 
0 0 . 23 12 
0 0 23 12 
0 . o  6 3 
0 0 23 12 
0 0 23 12 
0 0 23 12 
0 0 23 12 

336 5.444 0 37 
336 5,444 0 37 
336 5.444 0 37 
336 5.444 0 37 

0 47 420 6.805 
336 5,444 0 37 
21 340 0 .  2 
608 9.867 0 68 
21 340 0 2 
21 340 0 2 

' 21 340 0 2 
84 1,361 0 9 

336 5,444 0 37 
21 340 0 2 
21 340 0 2 

336 5,444 0 37 
608 9.867 0 6 8  
84 1,361 ' 0 9 
21 340 0 2 
21 340 0 2 

0 37 336 5,444 
21 340 0 2 

608 9.867 * 0 68 
21 340 0 2 
21 340 0 2 
21 340 0 2 

21 340 0 2 
0 37 

21 340 0 2 
21 340 0 2 
608 9,867 0 6 8  
21 340 0 2 
84 1,361 0 9 

84 1,361 ~ 0 9 

336 5.444 



Table 2.15. (contd) 

Energy Demand 
Existing Summer Summer Wlnler Summer Winter No. of Summer Summer Winter Summer Winter OnPeak Mid-Peak 

Bldg Fac. No. of Mota On Peak Mid Peak Mid Peak Of1 Peak Of1 Peak Months OnPeak Mid-Peak Mid-Peak OflPeak Onpeak Summer Winter 
ID Type No. Type Units HP (Ell) (Hours) (Hours) (Hours) (Hours) (Hours) On Peak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

Equipment Location and Dewiplion Operating Schedule Energy Consumption 

MTR-56 
MTR-57 
MTR-58 
MTR-59 
MTR-60 
MTR-61 
MTR-62 
MTR-63 
MTR-64 
MTR-65 
MTR-66 
MTR-67 
MTR-68 
MTR-69 
MTR-70 
MTR-71 
MTR-72 
MTR-73 
MTR-74 
MTR-75 
MTR-76 
MTR-77, 
MTR-78 
MTR-79 
MTRBO 

BRKlADM 00105 FCU 
BRWADM 00106 FCU 
BRKlADM 00107 FCU 
BRWADM 00108 FCU 
BRWADM 00110 FCU 
BRWADM 00111 FCU 
BRKlADM 00226 FCU 
BRWADM 00226 FCU 
BRWADM 00226 AHU 
BRKlADM 00261 FCU 
BRWADM 00261 AHU 
BRWADM 00262 FCU 
BRKlADM 00262 FCU 
BRWADM 40264 AHU 
BRWADM 00264 FCU 
BRWADM 00265 FCU 
BRWADM M)265AHU 
BWADM 00267 FCU 
BRKlADM 00267 AHU 
BRWADM 00273 FCU 
BRWADM 00273 AHU 
BRWADM 00273 FCU 
BWADM 00275 FCU 
BWADM 00275 FCU 
BRWADM 00275 AHU 

16 0.25 48.0% 
16 0.25 48.0% 

16 0.25 48.0% 
20 0.25 48.0% 
16 0.25 48.0% 
75 0.25 48.0% 
7 0.25 48.0% 
2 0.25 48.0% 

71 0.25 48.0% 
1 0.25 48.0% 

71 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 

71 0.25 48.0% 
71 0.25 40.0% 
1 0.25 48.0% 

71 0.25 48.0% 
1 0.25 48.0% 
7 0.25 48.0% 
2 0.25 48.0% 

75 0.25 48.0% 
75 0.25 48.0% 
7 0.25 48.0% 
2 0.25 48.0% 

16 0.25 48.G% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

1,623 
1,623 
1,623 
1,623 
2.028 
1,623 
7.606 

710 
203 

7.200 
101 

7.200 
101 
101 

7,200 
7.200 

101 
7,200 

101 
710 
203 

7,606 
7,606 

710 
203 

2,322 1,632 
2.322 1,632 
2,322 1,632 
2.322 1,632 
2,902 2,040 
2,322 1,632 

10.884 7,649 
1.01 6 714 

290 204 
10.304 7,241 

145 102 
10,304 7,241 

145 102 
145 102 

10,304 7,241 
10,304 7,241 

145 102 
10.304 7.241 

145 102 
1.016 714 

290 204 
10,884 7,649 
10,884 7,649 
1,016 714 

290 204 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
25 
25 
25 
31 
25 

117 
11 
3 

110 
2 

1 10 
2 
2 

110 
110 

2 
110 

2 
11 
3 

1 17 
117 
11 
3 

12 
12 
12 
12 
16 
12 
58 
5 
2 

55 
1 

55 
1 
1 

55 
55 

1 
55 

1 
5 
2 
58 
58 
5 
2 



Table 2.15. (contd) 

ID 

Equipment Location and Description Operating Schedule Energy Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter On-Peak Mid-Peak 

ERO Bldg Fac Noof Motor OnPeak MdPeak MidPeak OffPeak OffPeak OnPeak Mid-Peak MidPeak Off-peak Off-Peak Summer Winter 
Desaipl Type No Type Units HP (Em (Hours) (Hours) (Hours) (Hours) (Hours) (kwh) (kWh) (Wh) . (kWh) (kWh) (kWmo) (kWmo) 

MTR-188 
MTR-189 
MTR-190 
MTR-19 I 
MTR-192 
MTR-193 
MTR-194 
MTR-195 
MTR-196 
MTR-197 
MTR-198 
MTR-199 
MTR-2M) 
MTR-201 
MTR-202 
MTR-203 
MTR-204 
MTR-205 
MTR-206 
MTR-207 
MTR-208 
MTR-209 
MTR-210 

'MTR-211 
MTR-212 
MTR-2 13 
MTR-214 
MTR-215 
MTR-216 
MTR-217 
MTR-218 
MTR-219 
MTR-220 
MTR-221 
MTR-222 
MTR-223 

. MTR-k24 
MTR-225 
MTR-226 
MTR-227 
MTR-228 
MTR-229 
MTR-230 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

BRKlADM 00014 Evap.clr 
BRKlADM OOO98 Evap.clr 
BRKlADM 00102 Evap. clr 
BRKlADM 00103 Evap. clr 
BRKlADM 001D4 Evap. clr 
BRKlADM 00249 Evap. clr 
BRKlADM 00249 Evap.clr 
BRKlADM OM50 Evap.clr 
BRKlADM 00250 Evap.clr 
BRKlADM 00251 Evap.clr 
BRKlADM 00251 Evap. clr 
BRKlADM 00252 Evap.clr 
BRKlADM 00252 Evap.clr 
BRKlADM 00261 Evap.clr 
BRKlADM 00261 Evap.clr 
BRKlADM 00262 Evap.clr 
BRKlADM 00262 Evap.clr 
BRKlADM 00264 Evap.clr 
BRKlADM 00264 Evap,clr 
BRKlADM 00265 Evap.clr 
BRKlADM 00265 Evap.clr 
BRKlADM 00267 Evap.clr 
BRKlADM 00267 Evap.clr 
BRKlADM 00412 Evap,clr 
BRKlADM 00413 Evap.clr 
BRKlADM 00414 Evap.clr 
BRKlADM 00416 Evap. clr 
BRKlADM 00417 Evap.clr 
BRKlADM 00418 Evap.clr 
BRKlADM 00419 Evap. clr 
BRK/ADM 00420 Ev2p.ck 
BRKlADM 00421 Evap. clr 
BRKlADM 00422 Evap.clr 
BRKlADM 00423 Evap. clr 
BRKlADM 00434 Evap. clr 
BRKlADM 00440 Evap. clr 
BRKlADM 00448 Evap.clr 
BRKlADM 00487 Evap. clr 
BRKlADM 00489 Evap.clr 
BRKlADM 00491 Evap. clr 
BRKlADM 00493 Evap. clr 
BRKlADM 00494 Evap. clr 
BRKlADM 0051 1 Evap. clr 

1 0.75 80.0% 
1 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
I 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 
1 0.75 80.0% 

22 0.75 80.0% 
4 0.75 80.0% 
4 1.5 86.5% 
8 0.75 80.0% 
4 1.5 86.5% 
4 1.5 86.5% 
4 1.5 86.5% 
4 1.5 
4 1.5 88.5% 
4 1.5 86.5% 
4 1.5 86.5% 
6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
1 1.5 86.5% 
1 1.5 86.5% 
1 1.5 86.5% 
1 1.5 86.5% 
1 1.5 86.5% 
5 0.75 80.0% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 365 522 
0 365 522 
0 2.190 3.135 
0 2.190 3.135 
0 2.190 3.135 
0 365 .  522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 365 522 
0 8,032 11,494 
0 1,460 2,090 
0 2,701 3,865 
0 2,190 3,135 

0 2,701 3,865 
0 2,701 3,865 
0 2,701 3,865 
0 2,701 3,865 
0 2.701 3.865 
0 2.701 3,865 
0 2,190 3,135 
0 2,190 3.135 
0 2,190 3.135 
0 675 966 
0 675 966 
0 675 966 
0 675 966 
0 675 966 
0 1.825 2.612 

0 . 2,701 3,865 

367 
367 

2.203 
2.203 
2.203 

367 
367 
367 
367 
361 
367 
367 
367 
367 
367 
367 
367 
367 
367 
367 
367 
367 
367 

8.078 
1.469 
2,717 
2,203 
2,717 
2,717 
2,717 
2,717 
2,717 
2,717 
2,717 
2,203 
2.203 
2.203 

679 
679 
679 
679 
679 

1,836 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o  
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.8 
2.8 

16.8 
16 8 
16.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

61.5 
11.2 
20.7 
16.8 
20.7 
20.7 
20.7 
M.7 
20.7 
20.7 
20.7 
16.8 
16.8 
16.8 
5.2 
5.2 
5.2 
5.2 
5.2 

14.0 

1.4 
1.4 
8.4 
8.4 
8.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

30.8 
5.6 

10.3 
8.4 

10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
10.3 
8.4 
8.4 
8.4 
2.6 
2.6 
2.6 
2.6 
2 6  
7.0 



Table 2.15. (contd) 

ID 

Equipment Location and Description m a t i n g  Schedule Energy Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter On-Peak MidPeak 

ERO Bldg Fac No of M o b  On Peak Mid Peak Mid Peak Off Peak Off Peak OnPeak Mid-Peak Midpeak Offpeak Off-peak Summer Winter 
Desaipl Type No Type Units HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

MTR-231 
MTR-232 
MTR-233 
MTR-234 
MTR-235 
MTR-236 
MTR-237 
MTR-238 
MTR-239 
MTR-487 
MTR-488 
MTR-489 
MTR-490 
MTR-491 
MTR-492 
MTR-493 
MTR-494 

.MTR-495 
MTR-496 
MTR-497 

MTR-499 
M T R W  

MTR-502 
MTR-503 
MTR-504 
MTR-505 
MTRSOG 

MTR-508 

MTR-510 
MTR-511 
MTR-512 
MTR-513 
MTR-514 
MTR-5 15 
MTR-516 
MTR-517 
MTR-516 
MTR-519 

' MTR-498 

MTR-501 

MTR-507 

MTR-509 

MTR-520 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

BRKlADM 00512 Evap clr 
BRKlADM 00514 Evap. clr 
BRKlADM 00516 Evap. clr 
BRKlADM 00518 Evap.clr 
BRKlADM 00519 Evap.clr 
BRKlADM 00523 Evap. clr 
BRKlADM 00530 Evap. clr 
BRK/ADM 00534 Evap.clr 
BRK/ADM 00540 Evap.clr 
BRKlADM 00105 FCU 
BRK/ADM 00106 FCU 
BRKlADM 00107 FCU 
BRKlADM 00108 FCU 
BRKlADM 00110 FCU 
BRKlADM 00111 FCU 
BRKlADM 00249 FCU 
BRWADM 00249 FCU 
BRKlADM 00249 FCU 
BRKlADM 00249 FCU 
BRWADM 00249 FCU 
BRKlADM 00249 FCU 
BRKlADM 00249 FCU 
BRWADM 00250 FCU 
BRK/ADM 00250 FCU 
BRK/ADM 00250 FCU 
BRKlADM 00250 FCU 
BRKlADd 00250 FCU 
BRKlADM 00250 FCU 
BRK/ADM ~ 00250 FCU 
BRKlADM 00251 FCU 
BRKlADM 00251 FCU 
BRKlADM 00251 FCU 
BWADM 00251 ECU 
BRKlADM 00251 FCU 
BRKlADM 00251 FCU 
BRKlADM 00251 FCU 
BRKlADM 00252 FCU 
BRKlADM 00252 FCU 
BRWADM 00252 FCU 
BRKlADM 00252 FCU 
BRKlADM 00252 FCU 
BRKlADM 00252 FCU 
BRKlADM 00252 FCU 

6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
1 1.5 86.5% 
6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 
6 0.75 80.0% 

16 0.25 78.0% 
16 0.25 78.0% 
16 0.25 78.0% 
16 0.25 78.0% 
20 0.25 78.0% 
16 0.25 78.0% 
1 0.25 78.0% 

29 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 
4 0.25 78.0% 

16 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 

16 0.25 78.0% 
29 0.25 78.0% 
4 0.28 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 

16 0.25 78.0% 
1 0.25 78.0% 

29 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 
4 0.25 78.0% 
1 0.25 78.0% 

16 0.25 78.0% 
1 0.25 78.0% 
1 0.25 78.0% 

29 0.25 78.0% 
1 0.25 78.0% 
4 0.25 78.0% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
'0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

747 525 
747 525 
747 525 
747 525 
747 525 
747 525 
747 525 
747 525 
747 525 

0 1,215 
0 1,215 
0 1,215 
0 1,215 
0 1,215 
0 1.215 
0 1.215 
0 1,215 
0 1,215 
0 1,215 
0 '1,215 
0 1,215 
0 1,215 
0 1,215 
0 1,215 
0 1,215 
0 1.215 
0 1.215 
0 1,215 
0 1.215 
0 1,215 
0 1,215 
0 1.215 
0 1,215 
0 1.215 
0 1.215 
0 1,215 
0 1,215 
0 1,215 
0 1.215 
0 1.215 
0 1.215 
0 1.215 
0 1.215 

0 0 
0 0 
0 0  
0 0  
0 0  
0 0 
0 0 
0 0  
0 0  

108 2.846 
108 2,846 
108 2.846 
108 2.846 
108 2,846 
108 2,846 
108 2,846 
108 2.846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2.846 
108 2.846 
108 2,846 
108 2.646 
108 2,846 
108 2,846 
108 2.846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2,846 
108 2.846 
108 2.646 
108 2.846 
108 2846 
108 2846 
108 2846 
108 2,846 

2,190 
2.190 
2.190 
2.190 

675 
2,190 
2.190 
2,190 
2,190 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3,135 
3,135 
3,135 
3,135 

966 
3.135 
3,135 
3,135 
3,135 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

a 

d 

2,203 
2.203 
2,203 
2.203 

679 
2,203 
2,203 
2,203 
2,203 
2,324 
2,324 
2.324 
2.324 
2,905 
2.324 

145 
4.212 

145 
145 
145 
581 

2,324 
145 
145 

2.324 
4.212 

581 
145 
145 

2,324 
145 

4.212 
145 
145 
145 
581 
145 

2,324 
145 
145 

4,212 
145 
581 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

207 5.444 
207 5.444 
207 5.444 
207 5,444 
258 6.805 
207 5,444 

13 340 
374 9.867 

13 340 
13 340 
13 340 
52 1.361 

207 5,444 
13 340 
13 340 

207 5,444 
374 9.867 
52 1,361 
13 340 
13 340 

207 5.444 
13 340 

374 9,867 
13 340 
13 340 
13 340 
52 1.361 
13 340 

207 5.444 
13 340 
13 340 

374 9.867 
13 340 
52 1.361 

16.8 
16.8 
16.8 
16.8 
5.2 

16.8 
16.8 
16.8 
16.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8.4 
8.4 
8.4 
8.4 
2.6 
8.4 
8.4 
8.4 
8.4 

23.0 
23.0 
23.0 
23.0 
28.7 
23.0 

1.4 
41.6 

1.4 
1.4 
1.4 
5.7 

23.0 
1.4 
1.4 

23.0 
41.6 
5.7 
1.4 
1.4 

23.0 
1.4 

41.6 
1.4 
1.4 
1.4 
5.7 
1.4 

23.0 
1.4 
1.4 

41.6 
1.4 
5.7 



Table 2.15. (contd) 

ID 

Equipmenl Localion and Desdtption Operaling Schedule Energy Consumption Energy Demand 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winler On-Peak Mid-Peak 

ERO Bldg Fac No of Mota OnPeak MidPeak MidPeak OffPeak OffPeak On-Peak Mid-Peak MidPeak Off-Peak Off-Peak Summer W i n k  
Desaipl Type No Type Units HP (EO (Hours) (Hours) (Hours) (Hours) (Hours) (kwh) (kWh) (kWh) (kwh) (kWh) (kWmo) (kWmo) 

MTRSG 
MTR-57 
MTRS8 
MTR-59 
MTRM) 
MTR-61 
MTR-62 
MTR63 
MTR-64 
MTR-65 

MTR-67 
MTR-GB 
MTR-69 

MTR- 

MTR-70 
MTR-71 
MTR-72 
MTR-73 
MTR-74 
MTR-75 
MTR-76 
MTR-77 
MTR-78 
MTR-79 
MTRBD 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

BRKlADM 00105 FCU 
BRKlADM 00106 FCU 
BRKlADM 00107 FCU 
BRKfADM 00108 FCU 
BRKlADM 00110 FCU 
BRKlADM 001 11 FCU 
BRKlADM 00226 FCU 
BRKlADM 00226 FCU 
BRKlADM Oons AHU 
BRKfADM 00261 FCU 
BRKlADM 00261 AHU 
BRKlADM 00262 FCU 
BRKlADM 00262 FCU 
BRKlADM 00264 AHU 
BRKlADM 00264 FCU 
BRKlADM 00265 FCU 
BRKlADM 00265 AHU 
BRKlADM 00267 FCU 
BRKlADM 00267 AHU 
BRKlADM 00273 FCU 
BRKlADM 00273 AHU 
BRKlADM 00273 FCU 
BRKlADM 00275 FCU 
BRKlADM 00275 FCU 
BRKlADM 00275 AHU 

16 0.25 78.0% 522 
16 0.25 78.0% 522 
16 0.25 78.0% 522 
16 0.25 78.0% 522 
20 0.25 78.0% 522 
16 0.25 78.0% 522 
75 0.25 78.0% 522 
7 0.25 78.0% 522 
2 0.25 78.0% 522 

71 0.25 78.0% 522 
1 0.25 78.0% 522 

71 0.25 78.0% 522 
1 0.25 78.0% 522 
1 0.25 78.0% 522 

71 0.25 78.0% 522 
71 0.25 78.0% 522 

1 0.25 78.0% 522 
71 0.25 78.0% 522 
1 0.25 78.0% 522 
7 0.25 78.0% 522 
2 0.25 78.0% 522 

75 0.25 78.0% . 522 
75 0.25 78.0% 522 
7 0.25 78.0% 522 
2 0.25 78.0% 522 

747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 
525 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

998 1.429 
998 . 1.429 
998 1,429 
998 1.429 

1.248 1.786 
998 1.429 

4.680 6,698 
437 625 
125 179 

4.431 6,341 
62 89 

4.431 6.341 
62 89 
62 89 

4,431 6.341 
4,431 6,341 

62 89 
4,431 6,341 

62 89 
437 625 
125 179 

4,680 6,698 
4,680 6,698 

437 625 
125 179 

1.004 
1.004 
1.004 
1.004 
1.255 
1,004 
4,707 

439 
126 

4,456 
63 

4.456 
63 
63 

4,456 
4.456 

63 
4,456 

63 
439 
126 

4,707 
4,707 

439 
126 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ’  
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15.3 
153 
15.3 
15.3 
19.1 
15.3 
71.7 
6.7 
1.9 

67.9 
1.0 

67.9 
1.0 
1.0 

67.9 
67.9 

1 .o 
67.9 
1.0 
6.7 
1.9 

71.7 
71.7 
6.7 
1.9 

7.7 
7.7 
7.7 
7.7 
9.6 
7.7 

35.9 
3.3 
1.0 
34.0 
0.5 

34.0 
0.5 
0.5 

34.0 
34.0 
0.5 

34.0 
0.5 
3.3 
1.0 

35.9 
35.9 
3.3 
1 .O 



Table 2.15. (contd) 

ID 

Annual Energy and Demand Savings Lile Cycle Cost 
RI Equip Labor Rebate Mainl. Energy Demand Energy Demand Tolal 
or Price Cost Incentive Cosl Lile Savings Savings Savings Savings Savings NW 

ROF ERO (1994s) (1994s) (1994$) (19948) (Years) (kWh) (kWmo) (1994$) (I%$) (1994$) (1994s) SIR 

MTR-188 
MTR-189 
MTR-190 
MTR-191 
MTR-192 
MTR-193 
MTR-194 
MTR-195 
MTR-196 
MTR-197 
MTR-198 
MTR-199 
MTR-200 
MTR-201 
MTR-202 
MTR-203 
MTR-204 
MTR-205 
MTR-206 
MTR-207 
MTR-208 
MTR-209 
MTR-210 
MTR-211 
MTR-212 
MTR-214 
MTR-222 
MTR-223 
MTR-224 
MTR-230 
MTR-231 
MTR-232 
MTR-233 
MTR-234 
MTR-236 
MTR-237 
MTR-238 
MTR-239 
MTR-487 
MTR-488 
MTR489 
MTR-490 
MTR-491 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI 'EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI 'EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 

149 74 16 0 15 
149 74 16 0 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 
149 74 16 0 15 

3,278 1,628 352 0 15 
596 296 64 0 15 
894 444 96 0 15 
894 444. 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
745 370 80 0 , 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 
894 444 96 0 15 . 
894 444 96 0 15 

1.808 1.184 0 0 15 
1,808 1,184 0 0 15 
1,808 1.184 0 0 15 
1.808 1.184 0 0 15 

476 
476 

2.855 
2.855 
2.855 

476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 

10,470 
1,904 
2,855 
2,855 
2,855 
2,855 
2.380 
2,855 
2,855 
2,855 
2,855 
2,855 
2,855 
2,855 
2.855 
4,984 
4,904 
4.984 
4,984 

2,260 1.480 0 0  15 6.230 

2 40 20 61 748 4.61 
2 40 20 60 749 4.62 

10 239 122 361 4,492 4.62 
4,492 4.62 10 239 122 361 

10 239 122 361 4.492 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 40 20 60 749 4.62 
2 41 21 61 747 4.61 
2 40 20 60 749 4.62 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 
2 41 21 61 747 4.61 

35 893 455 1,348 16,435 4.61 
6 160 01 24 1 2,995 4.62 

10 239 122 361 4.492 4.62 
10 239 122 361 4.492 4.62 
10 239 122 361 4,492 4.62 
10 239 122 . 361 4.492 4.62 
8 202 103 305 3.738 4.61 

10 239 122 361 4,492 4.62 
10 239 122 ' 361 4,492 4.62 

4,492 4.62 10 239 122 361 
10 239 122 381 4,492 4.62 
10 242 123 366 4,405 4.61 
10 239 122 361 4,492 4.62 
10 239 122 361 4.492 4.62 
10 239 122 361 4.492 4.62 
14 250 . 43 293 974 1.33 
14 250 43 293 974 1.33 
14 250 43 293 974 1.33 
14 250 43 293 974 1.33 
18 313 53 366 1,217 1.33 



Table 2.15. (contd) 

Life Cycle cost Annual Energy and Demand Savings 
RI Equip L a b  Rebate Maint. . Energy Demand Energy Demand Tolal 
OT Price Cos1 lncenlive cost Life Savings Savings Savings Savings Savings NW 

ROF ERO (1994s) (1994s) (1994s) (1994s) (Years) (kwh) (kWmo) (1994s) (19948) (19948) (1994%) SIR , 

Ener -1 r 
MTR-492 
MTR-493 
MTR-494 
MTR-495 
MTR-496 
MTR-497 
MTR-498 
MTR-499 

MTR-501 
MTRSM 
MTRS03 
M T R W  
MTRSI)5 

MTRS07 
MTRS08 
MTRSOS 

MTR-511 
MTR-512 

MTR-500 

MTR-506 

MTR-510 

MTR-513 
MTR-514 
MTR-515 
MTR-516 

MTR-518 

MTR-520 

MTR-57 

MTR-517 

MTR-519 

MTR-58 

MTR-58 
MTR-59 
MTR-W 
MTR-61 
MTR-62 
MTR-63 
MTR.64 
MTR-65 
MTR.66 
MTR-67 
MTR-68 
MTR-69 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI €EM 
RI EEM 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 

RI bEEM 

1.808 1.184 
113 74 

3,277 2#146 
113 74 
113 74 
113 74 
452 296 

1,808 1,184 
113 74 
113 74 

1.808 1.184 
3.277 2,146 

452 296 
113 74 
113 74 

1,808 1,1114 
113 74 

3.277 2,146 
113 74 
113 74 
113 74 
452 296 
113 74 

1,808 1,184 
113 74 
113 74 

3,277 2.146 
113 74 
452 296 

1,808 1,184 
1.808 1,184 
1,808 1,184 
1,808 1,184 
2,260 1,480 
1.808 1,184 
8,475 5,550 

791 516 
226 148 

8.023 5,254 
113 74 

8,023 5.254 
113 74 
113 74 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

4.984 
312 

9,034 
312 
312 
312 

1,246 
4.984 

312 
312 

4.984 
9.034 
1.246 

' 312 
312 

4.984 
312 

9,034 
312 
312 
312 

1,246 
312 

4,984 
312 
312 

9.034 
* 312 
1,246 
2.145 
2,145 
2,145 
2,145 
2.681 
2,145 

10,054 
938 
268 

9,517 
134 

9.517 
134 
134 

14 
1 

26 
1 
1 
1 
4 

14 
1 
1 

14 
26 
4 
1 
1 

14 
1 

26 
1 
1 
1 
4 

* 1  
14 
1 
1 

26 
1 
4 

14 
14 
14 
14 
18 
14 
67 
6 
2 

64 
1 

64 
1 
1 

250 
16 

453 
16 
16 
16 
62 

249 
16 
16 

249 
451 
62 
16 
16 

249 
16 

451 
16 
16 
16 
62 
16 

249 
16 
16 

451 
16 
62 

182 
182 
182 
182 
227 
182 
853 
80 
23 

819 
11 

819 
12 
12 

43 
3 

77 
3 
3 
3 

11 
43 
3 
3 

43 
77 
11 
3 
3 

43 
3 

77 
3 
3 
3 

11 
3 

43 
3 
3 

77 
3 

11 
185 
185 
185 
185 
232 
185 
868 
81 
23 

634 
, 12 
834 
12 
12 

293 
16 

531 
18 
16 
18 
73 

291 
18 
16 

291 
526 
73 
18 
16 

291 
18 

528 
18 
18 
18 
73 
18 

291 
18 
18 

528 
18 
73 

367 
367 
367 
367 
459 
367 

1.721 
161 
46 

1.654 
23 

1,654 
23 
23 

974 1.33 
65 1.35 

1,765 1.33 
65 1.35 
65 1.35 
65 1.35 

261 1.35 
1.045 1.35 

65 1.35 
65 1.35 

1,045 1.35 
1,895 1.35 

261 1.35 
65 1.35 
65 1.35 

1,045 1.35 
65 1.35 

1,695 1.35 
65 1.35 
65 1.35 
65 1.35 

261 1.35 
65 1.35 

1,045 1.35 
65 1.35 
65 1.35 

1,695 1.35 
65 1.35 

261 1.35 
2,253 1.75 
2,253 1.75 
2,253 1.75 
2#253 1.75 
2.816 1.75 
2,253 1.75 

10,559 1.75 
958 1.73 
274 1.73 

9,190 1.69 
137 1.73 

9.190 1.69 
129 1.69 
129 1.69 



Table 2.15. (contd) 

ID 

Annual Energy and Demand Savings Life Cycle Cost 
RI Equip Labor Rebate Maint. Energy Demand Energy Demand Total 
U Price Cost Incenlive Cost Life Savings Savings Savings Savings Savings NW 

ROF ERO (1994s) (19948) (1994s) (1994s) (Years) (kWh) (kWmo) (1994s) (1994s) (1994s) (1994s) SIR 

Totals: 136,721 86,210 2.256 0 259,735 1.143 18,681 12.027 30,708 220,727 2.00 



Table 2.16. Chapel, Clinic, and Club Building Energy Efficient Motor EROs 

Equ-pmenl Location and Description 
Existing 

SI@ Fac. No. 01 Motor 
ID Type No. Type Units HP (Err) 

Operaling Schedule Energy Consumption Energy Demand 
Summer Summer Wlnler Summer Winler No.of Summer Summer Winter Summer Winler OnPeak MidPeak 
On Peak Mid Peak Mid Peak OH Peak OH Peak Monlhs OnPeak MidPeak MidPeak OffPeak OHPeak Summer Winler 
(Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) ( k m )  (kWh) (kwino) (Wino) 

MTR-240 CHAPEL 
MTR-241 CHAPEL 
MTR-242 CHAPEL 
MTR-243 CHAPEL 
MTR-2 CLINIC 
MTR-244 CLINIC 
MTR-245 CLINIC 
MTR-246 CLINIC 
MTR-247 CLINIC 
MTR3 CLINIC 
MTRB1 CLINIC 
MTR-14 CLUB 
MTR-15 CLUB 
MTR-16 CLUB 
MTR-17 CLUB 
MTR-248 CLUB 
MTR-249 CLUB 

+I MTR-250 CLUB 

MTR-252 CLUB 
MTR-251 CLUB 

MTR-41 CLUB 
MTR-42 CLUB 
MTRB2 CLUB 

00212 Evap. ck 
00212 Evap. clr 
00315 Evap.ck 
00315 Evap. clr 
00171 h p .  
00235 Evap.ck 
00242 Evap.ck 
00245 Evap.clr 
00245 Evap.clr 
00171 m p  
00171 AHU 
00202 heal pump 
00202 heat pump 
00202 heal pump 
oO202 heal pump 
MM21 Evap. ck 
00037 Evap.clr 
00202 Evap.clr 
00202 Evap,ck 
00202 Evap,'clr 
00202 heal pump 
00202 heal pump 
20018 AHU 

2 0.75 58.0% 522 
2 1.5 80.5% 522 
2 0.75 58.0% 522 
1 2 80.5% 522 
2 10 84.5% 523 
3 1 80.5% 522 
2 0.75 58.0% 522 
1 0.75 58.0% 522 
1 0.75 58.0% 522 
2 1 75.0% 523 
1 0.25 48.0% 522 
1 0.25 48.0% 522 
4 0.25 48.0% 522 
2 0.25 48.0% 522 
4 0.25 48.0% 522 
2 0.75 58.0% 522 
1 1.5 80.5% 522 
1 0.75 58.0% 522 
6 1 '80.5% 522 
1 1 80.5% 522 
2 1.5 80.5% 522 
1 0.25 48.0% 522 
1 0.25 48.0% 522 

332 
332 
332 
332 
352 
332 
332 
332 
332 
352 
332 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

363 
363 
363 
363 

1.205 
363 
363 
363 
363 

1.205 
363 

1,740 
1,740 
1,740 
1,740 

525 
525 
525 
525 
525 

1,740 
1,740 

525 

0 0  6 
0 0  6 
0 0  6 
0 0  . 6  
0 0  12 

6 0 0  
0 0  6 

6 0 0  
0 0  6 
0 0 12 

6 0 0  
108 3.113 12. 
108 3,113 12 
108 3,113 12 
108 3.113 12 

0 0  6 
6 0 0  

0 0  6 
0 0  6 
0 0 6 
0 3,113 12 
0 3,113 12 
0 0  6 

1,007 
1.451 
1.007 

967 
4.617 
1.451 
1.007 

504 
504 
520 
101 
101 
406 
203 
406 

1.007 
726 
504 

2,902 
484 
726 
101 
101 

641 
923 
641 
615 

3.108 
923 
641 
320 
320 
350 
64 

145 
580 
290 
580 

1,441 
1,038 

721 
4,154 
692 

1,038' 
145 
145 

701 0 
1,010 0 

701 0 
674 0 

10.638 0 
1,010 0 

701 0 
351 0 
351 0 

1.199 0 
71 0 

338 21 
1.352 84 

676 42 
1,352 84 
1,013 0 

730 0 
506 0 

2.919 0 
407 0 

2,419 0 
338 0 
102 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

372 
1,489 

744 
1,489 

0 
0 
0 
0 
0 

4,027 
372 

0 

8 
11 
8 
7 

71 
11 
8 
4 
4 
8 
2 
2 
6 
3 
6 
8 
6 
4 

22 
4 

11 
2 
2 

4 
6 
4 
4 

141 
6 
4 
2 
2 

16 
1 
3 

12 
6 

12 
4 
3 
2 

11 
2 

22 
3 
1 



Table 2.16. (contd) 

ID 

Energy Consumplion Energy Demand 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winler On-Peak Mid-Peak 

ERO Bldg Fac No 01 Molw On Peak Mid Peak Mid Peak Off Peak Off Peak OnPeak MidPeak Mid-Peak Olf-Peak Off-peak Summer Winler 
Desaipl Type No Type Units HP (Eff) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

Equipmenl Localion and Descriplion Operaling Schedule 

MTR-240 
MTR-241 
MTR-242 
MTR-243 
MTR-2 
MTR-244 
MTR-245 
MTR-246 
MTR-247 
MTR-3 
MTR-81 
MTR-14 
MTR-15 
MTR-16 
MTR-17 
MTR-248 
MTR-249 
MTR-250 
MTR-251 
MTR-252 
MTR-41 
MTR-42 
MTR-82 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

CHAPEL 
CHAPEL 
CHAPEL 
CHAPEL 
CLINIC 
CLINIC 
CLINIC 
CLINIC 
CLINIC 
CLINIC 
CLINIC 
CLUB . 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 
CLUB 

00212 Evap. clr 
00212 Evap. clr 
00315 Evap. clr 
00315 Evap. clr 
90171 comp 
00235 Evap. clr 
00242 Evap. clr 
00245 Evap. clr 
00245 Evap. clr 

00171 AHU 
00202 heal pump 
00202 heal pump 
00202 heat pump 
03202 heat pump 
00021 Evap. clr 
00037 Evap. clr 
Ocmn Evap. clr 
00202 Evap. clr 
o0202 Evap. clr 
03202 heat pump 
00202 heal pump 
20018 AHU 

00171 comp 

2 0.75 80.0% 
2 1.5 86.5% 
2 0.75 80.0% 
1 2 86.6% 
2 10 91.7% 
3 1 86.5% 
2 0.75 80.0% 
1 0.75 80.Vh 
1 0.75 80.0% 
2 1 86.5% 
1 0.25 78.0% 
1 0.25 78.0% 
4 0.25 78.0% 
2 0.25 78.0% 
4 0.25 78.0% 
2 0.75 80.0% 
1 1.5 86.5% 
1 0.75 80.0% 
6 1. 86.5% 
1 1 86.5% 
2 1.5 86.5% 
1 0.25 78.0% 
1 0.25 78.0% 

522 
522 
522 
522 
523 
522 
522 
522 
522 
523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
352 
332 
332 
332 
332 
352 
332 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 

363 
363 
363 
363 

1.205 
363 
363 
363 
363 

1,205 
363 

1,740 
1,740 
1.740 
1,740 

525 
525 
525 
525 
525 

1.740 
1,740 

525 

0 0 730 
0 0 1,351 
0 0 730 
0 0 899 
0 0 4,255 
0 0 1,351 
0 0 730 
0 I 0 365 
0 0 365 
0 0 451 
0 0 6 2  

108 3.113 62 
108 3.113 250 
108 3.113 125 
108 3,113 250 

0 0 730 
0 0 675 
0 0 365 
0 0 2,701 
0 0 450 
0 3,113 675 
0 3,113 62 
0 0 62 

464 
859 
464 
572 

2,864 
859 
464 
232 
232 
304 
40 
89 

357 
179 
357 

1.045 
966 
522 

3,865 
644 
966 
89 
89 

508 
940 
508 
626 

9,803 
940 
508 
254 
254 

1,039 
43 

208 
832 
416 
832 
734 
679 
367 

2,717 
453 

2,251 
208 
63 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

13 372 
52 1.489 
26 744 
52 1.489 
0 0 
0 0 
0 0 
0 0 
0 0 
0 4,027 
0 372 
0 0 

5.6 
10.3 
5.6 
6.9 

65.1 
10.3 
5.6 
2.8 
2.8 
6.9 
1 .O 
1.0 
3.8 
1.9 
3.8 
5.6 
5.2 
2.8 

20.7 
3.4 

10.3 
1 .o 
1.0 

2.8 
5.2 
2.8 
3.4 

130.2 
5.2 
2.8 
1.4 
1.4 

13.8 
0.5 
1.9 
7.7 
3.8 
7.7 
2.8 
2.6 
1.4 

10.3 
1.7 

20.7 
1.9 
0.5 



Table 2.16. (contd) 

Annual Energy and Demand Savings Life Cycle Cost 
RI Equip Labor Rebate Mainl. Energy Demand Energy Demand Total 
OT Price Cost ,Incentive Cod Life Savings Savings Savings Savings Savings NW 

ID ROF ERO (1994s) (1994$) (1994s) 

MTR-240 
MTR-242 
MTR-2 
MTR-245 
MTR-246 
MTR-247 
MTR-01 
MTR-14 
MTR-15 
MTR-16 
MTR-17 
MTR-240 
MTR-250 
MTR-42 
MTR-02 

Totals: 

(1994s) (Years) (kWh) ‘(kWmo) (1994s) (1994s) (1994s) (1994s) SIR 

RI EEM 
RI EEM 
RI EEM 
RI /EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 

Chapel 
Clinic 
Club 

290 140 
298 140 

1,560 168 
290 140 
149 74 
149 74 
113 74 
113 74 
452 296 
226 140 
452 296 
290 140 
149 74 
113 74 
113 74 

596 296 
2,269 530 
1.916 1,104 

32 0 15 
32 0 15 

140 0 15 
32 0 15 
16 0 15 
16 0 15 
0 0 15 
0 0 15 
0 0 15 
0 0 15 
0 0 15 

32 0 15 
16 0 15 
0 0 15 
0 0 15 

6 4 0  
2 0 4 0  
40 0 

646 3 60 41 101 1.160 3.80 
646 3 60 41 101 1,160 3.80 

1.593 2.00 
646 3 59 40 99 1,171 3.83 
323 2 30 20 49 505 3.03 
323 2 30 . 20 50 580 3.80 
91 1 9 12 20 93 1.50 

470 3.51 466 2 20 14 42 
1.062 7 111 57 168 1.881 3.51 

940 3.51 931 4 56 29 04 
1,881 3.51 1,862 7 111 57 168 
1.496 4.61 952 3 80 41 121 

476 2 40 20 60 749 4.62 
457 2 20 14 42 465 3.49 
134 1 11 12 23 141 1.75 

1.442 . 17 107 115 222 

1,292 
2.025 
7,140 

6 120 
24 234 
27 465 

01 
207 
244 

2,320 3.0 
4.023 2.5 
0 , E  3.6 

202 
441 
709 

i 



Table 2.17. DGR, Dining, Family Housing, and Fuel Building Energy Efficient Motor EROs 

Energy Demand 
Existing Summer Summer Wlnter Summer Winter No.01 Summer Summer Winter Summer Winter OnPeak Mid-Peak 

Bldg Fac. No. of Motor On Peak Mid Peak MidPeak Off Peak Off Peak Months OnPeak Mid-Peak MidPeak OffPeak OffPeak Summer Winter 
ID Type No. Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kWh) (kwino) (kWmo) 

Equipment Location and Desaiption Operating Schedule Energy Consumption 

i 

MTR-97 
MTR-253 
MTR-254 
MTR-255 
MTR-256 
MTR-257 
MTR-258 
MTR-259 
MTR-4 
MTR-439 
MTR-440 
MTR-441 
MTR-260 
MTR-261 
MTR-262 
MTR-263 
MTR-264 
MTR-265 

0 MTR-266 P 
MTR-267 
MTR-268 
MTR-269 
MTR-270 

f3 
F 

MTR-442 
MTR-445 
MTR-446 
MTR-83 
MTR54 
MTR-85 
MTR-526 
MTR-527 
MTR-271 
MTR-272 

DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
bGR 
DGR 
DGR 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
Fam Hsg 
Fam Hsg 
FUELDSP 
FUEL D S P 

01315 Evap. clr 
00308 Evap. clr 
00308 Evap. clr 
00404 Evap. clr 
00404 Evap. clr 
00430 Evap. clr 
00909 Evap. clr 
o0909 Evap. clr 
00308 air m p  
00308 AHU 
00308 AHU 
00308 M U  
00254 Evap. clr 
00254 Evap. clr 
00431 Evap. clr 
00431 Evap. clr 
00447 Evap.clr 
00447 Evap. clr 
00449 Evap. clr 
00449 Evap. clr 
00468 Evap. clr 
00535 Evap.clr 
O0560 Evap. ck 
00254 AHU 
00254 AHU 
00254 AHU 
Oom AHU 
Oom FCU 
00254 FCU 
na FurnFan 
na Cond 
00836 Evap.clr 
00950 Evap. clr 

2 
4 
2 
1 
1 
6 
1 
2 
1 
3 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
6 
1 
1 
6 
1 
1 
2 
2 
1 

1636 
1636 

1 
1 

0.75 58.0% 
1.5 80.5% 

0.75 58.0% 
0.75 58.0% 
0.75 58.0% 
0.75 58.0% 
0.75 58.0% 
0.75 58.0% 

1 80.5% 
0.75 58.0% 
0.75 58.0% 
0.5 53.0% 

0.75 58.0% 
0.75 58.0% 
0.75 58.0% 

1.5 80.5% 
1.5 80.5% 

0.75 58.0% 
1.5 80.5% 

0.75 58.0% 
0.75 58.0% 
1.5 80.5% 

0.75 58.0% 
0.5 53.0% 
0.5 53.0% 

0.75 58.0% 
0.25 48.0% 
0.25 48.0% 
0.25 48.0% 
0.25 48.0% 
0.25 48.0% 
0.75 58.0% 
0.75 58.0% 

522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 
522 
522 
,522 
522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
522 
522 
522 

0 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
352 
349 
349 
349 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
349 
349 
349 
332 
332 
332 

0 
747 
332 
332 

363 
363 
363 
363 
363 
363 
363 
363 

1,205 
1,560 
1,560 
1,560 

363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

1,560 
1.560 
1.560 
363 
363 
363 

1,215 
525 
363 
363 

0 0  6 1,007 
6 2.992 0 0  

0 0  6 1,007 
0 0  6 5 0 4  
0 0  6 5 0 4  

, o  0 6 3,021 
0 0  6 5 0 4  
0 0  6 1,007 
0 0 12 242 
0 0 12 1,514 
0 0 12 1,009 
0 0 12 368 
0 0  6 5 0 4  
0 0  6 504 
0 0  6 1,007 
0 0  6 726 

6 726 0 0  
0 0  6 5 0 4  
0 0  6 726 
0 0  6 5 0 4  
0 0  6 3,021 
0 0  6 726 
0 0  6 5 0 4  
0 0 12 2,208 
0 0 12 368 
0 0 1 2 5 0 5  

6 203 0 0  
0 0  6 2 0 3  

6 101 0 0  
108 2,846 6 0 

0 0  6 165,906 
0 0  6 5 0 4  
0 0  6 5 0 4  

641 
1,846 

641 
320 
320 

1,922 
320 
641 
163 

1,010 
673 
246 
320 
320 
641 
462 
462 
320 
462 
320 

1,922 
462 
320 

1,474 
246 
337 
129 
129 
64 
0 

237,417 
320 
320 

701 
2,021 

701 
351 
351 

2,104 
351 
701 
558 

4.515 
3.010 
1,098 

351 
351 
701 
505 
505 
351 
505 
351 

2,104 
505 
351 

6,587 
1.098 
1.505 

141 
141 
71 

386,160 
166,859 

351 
351 

0 0 8 4 
11 0 22 0 

0 0 8 4 
0 0 4 2 
0 0 4 2 

12 0 23 0 
0 0 4 2 
0 0 8 4 
0 0 4 7 
0 0 12 23 
0 0 8 15 
0 0 3 6 
0 0 4 2 
0 0 4 2 
0 0 8 4 
0 0 6 3 
0 0 6 3 
0 0 4 2 
0 0 6 3 
0 0 4 2 
0 0 23 12 
0 0 6 3 
0 0 4 2 
0 0 17 34 
0 0 3 6 
0 0 4 8 

. o  0 3 2 
0 0 3 2 
0 0 2 1 

34,325 904,536 0 3814 
0 0 2543 1271 
0 0 4 2 
0 0 4 2 



Table 2.17. (contd) 

Equipmenl Location and Desaiplion Operaling Schedule Energy Consumption Energy Demand 

ERO B I 4  Fac No of Motor On Peak Mid Peak Mid Peak Off Peak Off Peak On-Peak MidPeak MidPeak Off-Peak Off-Peak Summer Winter 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winler On-Peak Mid-Peak 

ID Desmpl Type No Type Units HP (Err) (Hours) (Hours) (Hours) (Hours) (Hours) 
MTR-97 EEM 
MTR-253 EEM 
MTR-254 EEM 
MTR-255 EEM 
MTR-256 EEM 
MTR-257 EEM 
MTR-258 EEM 
MTR-259 EEM 
MTR-4 EEM 
MTR-439 EEM 
MTR-440 EEM 
MTR-441 EEM 
MTR-260 EEM 
MTR-261 EEM 
MTR-262 EEM 
MTR-263 EEM 
MTR-264 EEM 
MTR-265 EEM 
MTR-266 EEM 
MTR-267 EEM 
MTR-268 EEM 
MTR-269 EEM 
MTR-270 EEM 
MTR-442 EEM 
MTR-445 * EEM 
MTR-446 EEM 
MTR-83 EEM 
MTR-84 EEM 
MTR-85 EEM 

MTR-527 EEM 
MTR-526 EEM 

MTR-271 EEM 
MTR-272 EEM 

(kwh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DGR 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
DINING 
Fam Hsg 
Fam H q  
FUEL D S P 
FUELDSP 

01315 Evap. ck 
00308 Evap. ck 
00308 Evap.ck 
00404 Evap. clr 
00404 Evap.clr 
00430 Evap.ck 
o0909 Evap.ck 
W909 Evap.clr 
00308 aircomp 
00308 AHU 
00308 AHU 
00308 AHU 
00254 Evap.clr 
00254 Evap:ck 
00431 Evap.ck 
00431 Evap.clr 
00447 Evap.ck 
00447 Evap.ck 
00449 Evap,clr 
00449 Evap.clr 
00468 Evap.clr 
00535 Evap.clr 
00560 Evap.clr 
00254 AHU 
00254 AHU 
00254 AHU 
oom AHU 
00222 FCU 
00254 FCU 
na FurnFan 
na Cond 
00836 Evap,clr 
00950 Evap,ck 

2 0.75 0.800 
4 1.5 0.865 
2 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
6 0.75 0.800' 
1 0.75 0.800 
2 0.75 0.800 
1 1 0.865 
3 0.75 0.800 
2 0.75 0.800 
1 0.5 0.780 
1 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 1.5 0.865 
1 1.5 0.865 
1 0.75 0.800 
1 1.5 0.865 
1 0.75 0.800 
6 0.75 0.800 
1 1.5 0.865 
1 0.75 0.800 
6 0.5 0.780 
1 0.5 0.780 
1 0.75 0.800 
2 0.25 0.780 
2 0.25 0.780 
1 0.25 0.780 

1636 0.25 0.780 
1636 0.25 0.780 

1 0.75 0.800 
1 0.75 0.800 

522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
522 
522 
522 
0 

522 
522 
522 

332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
352 1.205 
349 1.560 
349 1,560 
349 1,560 
332 363 
332 363 
332 363 
332 . 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
349 1.560 
349 1,560 
349 1,560 
332 363 
332 363 
332 363 
0 1,215 

747 525 
332 363 
332 363 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
P 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.O 
0 
0 
0 
0 
0 

108 
0 
0 
0 

0 730 
0 2,701 
0 730 
0 365 
0 365 
0 2,190 
0 365 
0 730 
0 226 
0 1.097 
0 732 
0 250 
0 365 
0 365 
0 730 
0 675 
0 675 
0 365 
0 675 
0 365 
0 2,190 
0 675 
0 3 6 5  
0 1,501 
0 250 
0 3 6 6  
0 125 
0 125 
0 62 

2.846 0 
0 102,0% 
0 365 
0 365 

464 
1.716 

464 
232 
232 

1.393 
232 
464 
152 
732 
488 
167 
232 
232 
464 
429 
429 
232 
429 
232 

1.393 
429 
232 

1,001 
167 
244 
79 
79 
40 
0 

146, 103 
232 
232 

508 
1,88 1 
508 
254 
254 

1.525 
254 
508 
520 

3,273 
2,162 

746 
254 
254 
508 
470 
470 
254 
470 
254 

1,525 
470 
254 

4,476 
746 

1,091 
87 
87 
43 

237,637 
102,E83 

254 
254 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21,123 556.637 
0 0 
0 0 
0 0 

6 
21 
6 
3 
3 

17 
3 
6 
3 
8 
6 
2 
3 
3 
6 

5 
3 
5 
3 

17 
5 
3 

11 
2 
3 
2 
2 
1 
0 

1565 
3 
3 

, 5  

3 
10 
3 
1 
1 
8 
1 
3 
7 

17 
11 
4 
1 
1 
3 
3 
3 
1 
3 '  
1 
8 
3 
1 

23 
4 
6 
1 
1 
0 

2347 
782 

1 
1 



Table 2.17. (contd) 

RI 

ID ROF ERO 
ol 

Life Cycle Cos1 Annual Energy and Demand Savings 
Equip Labor Rebale Mainl. Energy Demand E n w  Demand Tolal 
Price Cost lncenlive Cos1 Life Savings Savings Savings Savings Savings NPV 

(1994$) (1994s) (1994$) (1994s) (Years) (kWh) (kWmo) (1994 $) (1994 b) (1994s) (1994s) SIR 

MTR-97 
MTR-254 
MTR-255 
MTR-256 
MTR-257 
MTR-258 
MTR-259 
MTR-439 
MTR-440 
MTR-441 
MTR-260 
MTR-261 
MTR-262 
MTR-265 
MTR-267 
MTR-268 
MTR-270 
MTR-442 
MTR-445 
MTR-446 
MTR-83 
MTR-64 
MTR-85 
MTR-526 
MTR-527 
MTR-271 
MTR-272 

Totals: 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
R1 
RI 
RI 
RI 

DGR 
DINING 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

Fam. Hsg. 
FUEL-DSP 

298 
298 
149 
149 
894 
149 
298 
447 
298 
133 
149 
149 
298 
149 
149 
894 
149 
790 
133 
149 
226 
226 
113 

184,868 
164,868 

149 
149 

3,113 
3.582 

369,736 
298 

148 
146 
74 
74 

444 
74 

148 
222 
148 
74 
74 
74 

148 
74 
74 

444 
74 

444 
74 
74 

148 
148 
74 

121.064 
121.064 

74 
74 

1.554 
1.924 

242,128 
148 

32 
32 
16 
16 
96 
16 
32 
48 
32 
15 
16 
16 
32 
16 
16 
96 
16 
90 
15 
16 
0 
0 
0 
0 
0 

16 
16 

335 
329 

0 
32 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

646 
646 
323 
323 

1.938 
323 
646 

1,935 
1,290 

549 
323 
323 
646 
323 
323 

1,938 
323 

' 3,291 
549 
645 
182 
182 
91 

509,624 
219,301 

323 
323 

8,619 
9,139 

728,924 
646 

3 
3 
2 
2 

10 
2 
3 

10 
6 .  
3 
2 
2 
3 
2 
2 

2 
16 
3 
3 
2 
2 
1 

1,467 
1.467 

' 2  
2 

42 
47 

2,934 
3 

'0 . 

60 
59 
30 
30 

181 
29 
59 

160 
102 
46 
30 
30 
60 
30 
30 

181 
30 

273 
46 
53 
17 
17 
9 

25.448 
16.601 

30 
30 

755 
806 

44,049 
60 

41 
40 
20 
20 

122 
20 
40 
75 
48 
21 
20 

41 
20 
20 

122 
20 

128 
21 
25 
24 
24 
12 

36.603 
18,945 

20 
20 

446 
497 

55,548 
41 

2,o 

. 101 
100 
50 
50 
302 
48 
98 

235 
150 
67 
50 
50 

101 
50 
50 
302 
50 

401 
67 
78 
41 
41 
20 

62,051 
37,546 

50 
50 

1,202 
1,303 

99.597 
101 

1.160 
1,167 
580 
584 

3.481 
591 

1,175 
3.177 
2,120 

885 
582 
582 

1,160 
580 
580 

3.481 
580 

5,308 
885 

1,059 
161 
161 
97 

662,338 
230,320 

580 
580 

14,920 
15,215 

892,658 
1.160 

3.80 
3.82 
3.80 
3.82 
3.80 
3.86 
3.84 
6.12 
6.12 
5.61 
3.81 
3.81 
3.80 
3.80 
3.80 
3.80 
3.80 
5.61 
5.61 
6.12 
1.43 
1.43 
1.52 
3.16 
1.75 
3.80 
3.80 

4.44 
3.94 
2.46 
3.80 



Table 2.18. Grocery, Hospital, Hotel, Kitchen, and Laboratory Building Energy Efficient Motor EROs 

IO 

Equipment Location and Description Operating Schedule Ener y Consumption Energy Demand 
Exisling Summer Summer 'Winter Summer Winter No.01 Summer Summer Winter Summer Wider OnPeak Mid-Peak 

Bldg Fac. No. of Motor- On Peak Mid Peak Mid Peak Off Peak OH Peak Months OnPeak MidPeak MidPeak Off-peak Offpeak Summer Winter 
Type No. Type Units HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kwh) (kWmo) (kw-mo) 

MTR-18 
MTR-19 
MTR-20 
MTR-21 
MTR-273 
MTR-274 
MTR-43 
MTR-447 
MTR-448 

' MTR-449 
MTR-450 

, MTR-22 
MTR-275 
MTRS 

' MTR-6 
MTR-7 
MTR-86 
MTR-87 

. MTR-23 
MTR-24 
MTR-25 
MTR-26 
MTR-27 
MTR-28 
MTR-88 
MTR-89 
MTR-90 
MTR-91 

RTR-95 
MTR-276 
MTR-277 
MTR-278 
MTR-279 

MTR-92 

GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
KITCHEN 
LAB-MED 
LABMED 
LAB-MED 

00920 Alc 
00920 NC 
00920 /vc 
00920 refrig 
00920 Evap. clr 
00920 Evap. clr 
o0920 
00920 clg lw 
o0920 AHU 
00920 main store 
o0920 clg lw 
00166 canp 
00166 Evap. clr 
00166 aircanp 
00166 aircanp 
00166 aircomp 
00166 AHU 
00166 AHU 
00900 heatpump 
00901 heatpump 
00902 heatpump 
00903 healpump 
00904 healpump 
o0906 healpump 
00900 AHU 
00901 N U  
00902 M U  
00903 AHU 
00904 AHU 
m mu 
'00819 Evap. clr 
00144 Evap. clr 
00144 Evap. clr 
00228 Evap. clr 

1 7.5 85.5% 
2 7.5 85.5% 
1 7.5 85.5% 

17 5 83.5% 
3 3 82.0% 
3 3 82.0% 
2 7.5 85.5% 
2 7.5 85.5% 
1 1.5 80.5% 
1 20 88.2% 
1 7.5 85.5% 
1 3 80.5% 
1 1 80.5% 
2 1.5 80.5% 
2 7.5 82.0% 
1 1.5 80.5% 
1 0.25 48.0% 
1 0.25 48.0% 
4 0.25 48.0% 
4 0.25 48.0% 
4 0.25 48.0% 
4 0.25 48.0% 
3 0.25 48.0% 
4 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
i 0.25 48.036 
1 1.5 80.5% 
2 1.5 80.5% 
4 1.5 80.5% 
3 1.5 80.5% 

522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 
522 
522 
523 
523 
523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

747 
747 
747 
747 
332 
332 
747 
349 
349 
349 
349 
747 
747 
786 
786 
786 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 

1740 
1740 
1740 
1740 
363 
363 

1,740 
1,560 
1,560 
1,560 
1,560 
1,740 

525 
2,254 
2,254 
2,254 

525 
525 

1,740 
1.740 
1,740 
1,740 
1,740 
1,740 

525 
525 
525 
525 
525 
525 
363 
363 
363 
363 

108 3.113 
108 3.113 
108 3.113 
108 3.113 
0 0  
0 0  

108 3.113 
0 0  
0 0  
0 0  
0 0  

1.267 3,113 
1.159 267 
1.619 3.578 
1,619 3,578 
1,619 3,578 
1,159 267 
1.159 267 
1,267 3,113 
1.267 ,3,113 
1,267 3,113 
1,267 3.113 
1,267 3.113 
1,267 3.113 
1,159 267 
1,159 267 
1.159 267 
1,159 267 
1,159 267 
1,159 267 

0 0  
0 0  
0 0  
0 0  

12 1,708 
12 3.416 
12 1.708 
12 19,820 
6 4.274 
6 4,274 
6 3.416 

12 6.845 
12 727 
12 8.847 
12 3,422 
12 726 
6 484 

12 727 
12 3.569 
12 364 
6 101 
6 101 

12 406 
12 406 
12 406 
12 406 
12 304 
12 406 
6 101 
6 101 
6 101 
6 101 
6 * 101 
6 101 
6 726 
6 1.451 
6 2,902 
6 2,177 

2.444 
4,888 
2,444 

28,364 
2.718 
2,718 
4,888 
4,568 

485 
5,904 
2,284 
1.038 
692 

1,093 
5,363 

546 
145 
145 
580 
580 
580 
580 
435 
580 
145 
145 
145 
145 
145 
145 
462 
923 

1,846 
1,385 

5.693 353 10,186 
11.386 707 20,371 
5.693 353 10,186 

66.068 4,101 118,201 
2.976 0 0 
2,976 0 0 

11,386 707 20,371 
20,417 0 0 
2,168 0 0 

26.389 0 0 
10,208 0 0 
2,419 1.761 4.327 

487 1,074 247 
3,133 2,251 4,974 

15,379 11.047 24,413 
1.567 1,125 2.487 

102 225 52 
102 225 52 

1,352 985 2,419 
1.352 985 2,419 
1.352 985 2,419 
1,352 985 2.419 
1,014 738 1,814 
1,352 985 2,419 

102 225 52 
102 225 52 
102 225 52 
102 225 52 
102 225 52 
102 225 52 
505 0 0 

1,010 0 0 
2,021 . 0 0 
1,516 0 0 

26 
52 
26 

304 
33 
33 
52 
52 
6 

68 
26 
11 
4 

11 
55 
6 
2 
2 
6 
6 
6 
6 
5 
6 
2 
2 
2 
2 
2 
2 
6 

11 
22 
17 

52 
105 
52 

608 
16 
16 
79 

105 
11 

135 
52 
22 
2 

22 
109 
11 
1 
1 

12 
12 
12 
12 
'9 
12 
1 
1 
1 
1 
1 
1 
3 
6 

11 
8 



Table 2.18. (contd) 

Energy Consumplion Equipmenl Localion and Desuiplion Operaling Schedule 
EEM Summer Summer Wlnlec Summer Winler Summer Summer Winler Summer Wider 

ID Desuipl Type No Type Unils HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) 
ERO Bldg Fac No 01 Molor On Peak Mid Peak Mid Peak Off Peak Of1 Peak On-Peak MidPeak Mid-Peak OflPeak Off-peak 

Energy Demand 
OnPeak Mid-Peak 
Summer Winler 
(kWmo) (kWmo) 

MTR-18 EEM 
MTR-19' EEM 
MTR-20 EEM 
MTR-21 EEM 
MTR-273 EEM 
MTR-274 EEM 
MTR-43 EEM 
MTR-447 EEM 
MTR-448 EEM 
MTR-449 EEM 
MTR-450 EEM 
MTR-22 EEM 
MTR-275 EEM 
MTRS EEM 
MTR-6 EEM 

M T R G  EEM 
MTR-87 EEM 

MTR-7 EEM 

MTR-23 EEM 
MTR-24 EEM 
MTR-25 EEM 
MTR-26 EEM 
MTR-27 EEM 
MTR-28' EEM 
MTR88 EEM 
MTR-89 EEM 
MTR-90 EEM 
MTR-91 EEM 
MTR-92 EEM 
MTR-93 EEM 
MTR-276 EEM 
MTR-277 EEM 
MTR-278 EEM 
MTR-279 EEM 

GROCERY 

GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
GROCERY 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPITL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
HOTEL 
KITCHEN 
L A M E D  
L A M E D  
LAE-MED 

GROCERY 
00920 NC 
00920 NC 
00920 NC 
00920 refrig 
00920 Evap. clr 
00920 Evap. clr 
00920 
00920 clg hvr 
00920 AHU 
00920 mainslore 
o0920 clg hw 
00166 comp 
00166 Evap. clr 
00166 aircanp 
00166 aircanp 
00166 aircanp 
00166 AHU 
00166 AHU 
00900 heatpump 
o0901 heatpump 
o0902 healpump 
oO903 heatpump 
o0904 heatpump 
o0906 healpump 
M)900 AHU 
o0901 AHU 
oO902 AHU 
o0903 AHU 
o0904 AHU 
o0906 AHU 
00819 Evap.clr 
00144 Evap.ch 
00144 Evap. ck 
00228 Evap. clr 

1 7.5 0.917 
2 7.5 0.917 
1 7.5 0.917 

17 5 0.902 
3 3 0.895 
3 3 0.895 
2 7.5 0.917 
2 7.5 0.917 
1 1.5 0.865 
1 20 0.934 
1 7.5 0.917 
1 3 0.895 
1 1 0.865 
2 1.5 0.865 
2 7.5 0.917 
1 1.5 0.865 
1 0.25 0.780 
1 0.25 0.780 
4 0.25 0.780 
4 0.25 0.780 
4 0.25 0.780 
4 0.25 0.780 
3 0.25 0.780 
4 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780' 
1 1.5 0.865 
2 1.5 0.865 
4 1.5 0.865 
3 1.5 0.865 

522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 
522 
522 
523 
523 
523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

747 
747 
747 
747 
332 
332 
747 
349. 
349 
349 
349 
747 
747 
786 
786 
786 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 

1.740 
1,740 
1.740 
1.740 

363 
363 

1.740 
1.560 
1,560 
1,560 
1.560 
1,740 

525 
2.254 
2,254 
2,254 

525 
525 

1,740 
1.740 
1,740 
1,740 
1.740 
1.740 

525 
525 
525 
525 
525 
525 
363 
363 
363 
363 

108 3.113 
108 3,113 

' 108 3.113 
108 3.113 

0 0  
0 0  

108 3.113 
0 0  
0 0  
0 0  
0 0  

1,267 3.113 
1,159 267 
1.619 3.578 
1,619 3.578 
1,619 3,570 
1,159 . 267 
1.159 267 
1.267 3,113 
1,267 3,113 
1,267 3.113 I 

1,267 3,113 
1.267 3,113 
1,267 3,113 
1.159 267 
1.159 267 
1.159 267 
1,159 267 
1.159 267 
1.159 267 

0 0  
0 ' 0  
0 0 
0 0  

1,592 
3,185 
1,592 

18.348 
3,916 
3.916 
3.185 
6,382 

677 
8.355 
3,191 

653 
450 
677 

3,191 
338 
62 
62 

250 
250 
250 
250 
187 
250 
62 
62 
62 
62 
62 
62 

675 
1,351 
2.701 
2,026 

2,279 
4,558 
2,279 

26,257 
2,491 
2,491 
4,558 
4,259 

451 
5,575 
2,129 

934 
644 

1,017 
4.796 

508 
89 
89 

357 
357 
357 
357 
268 
357 
89 
89 
89 
89 
89 
89 

429 
. 859 

1,718 
1,288 

5.308 
10,616 
5,308 

61.160 
2,727 
2.727 

10,616 
19,036 
2,018 

24,920 
9,518 
2.175 

453 
2,916 

13,753 
1.458 
63 
63 

832 
832 
832 
832 
624 
832 
63 
63 
63 
63 
63 
63 

470 
940 

1,881 
1.411 

329 
659 
329 

3,796 
0 
0 

659 
0 
0 
0 
0 

1,584 
1 .OM) 
2,094 
9.878 
1,047 

139 
139 

'606 
606 
606 
606 
454 
606 
139 
139 
139 
139 
139 
139 

0 
0 
0 
0 

9,497 
18,994 
9,497 

109,42 I 
0 
0 

18.994 
0 
0 
0 
0 

3,892 
230 

4.629 
21.831 
2.314 

32 
32 

1,489 
1.489 
1,489 
1,489 
1.116 
1,489 

32 
32 
32 
32 
32 
32 
0 
0 
0 
0 

24 49 
49 98 
24 49 

281 562 
30 15 
30 15 
49 73 
49 98 
5 10 

64 128 
24 49 
10 20 
3 2 

10 21 
49 98 
5 i o  
1 0 
1 0 
4 8 
4 8 
4 8 
4 8 
3 6 
4 8 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
5 3 

10 5 
21 10 
16 8 



Table 2.18. (contd) 

RI Equip Labor 
01 Rice cost 

ID ROF ERO (1994s) (1994s) 

Annual Energy and Demand Savings Life Cycle cost 
Rebale Mainl. Energy Demand Energy Demand Tolal 

lncenlive Cos1 Life Savings Savings Savings Savings Savings NW 
(1994s) (1994s) C, ears) (Wh) (kWmo) (1994 S) (1994 S) (1994s) (1994s) SIR 

MTR-18 
MTR-19 
MTR-20 
MTR-21 
MTR-273 
MTR-274 
MTR-43 
MTR-447 
MTR-449 
MTR-450 

MTRG 
MTR86 
MTR-87 

MTR-22 

MTR-23 
MTR-24 
MTR-25 
MTR-26 
MTR-27 
MTR88 
MTR89 

MTR-91 
MTR-90 

MTR-92 
MTR-93 
MTR-28 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
.RI 
RI 
RI 
RI 
RI 
RI 
RI 

Totals: GROCERY 
HOSPlTL 
tlOTEL 
KITCHEN 
LAB-MED 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

' EEM 
EEM 

647 81 
1.294 162 

647 81 
8,126 1.258 
1,245 222 
1,245 . 222 
1,294 162 
1,294 162 
1,268 129 

647 81 
415 74 

1,294 162 
113 74 
113 74 
452 296 
452 296 
452 296 
452 296 
339 222 
113 74 
113 74 
113 74 
113 74 
113 74 
113 74 
452 296 

60 
120 
60 

680 
105 
105 
120 
120 
120 
60 
35 

120 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

17,707 2,560 1,550 
1,935 384 155 
2,825 ' i,es 0 

452 296 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Thde are no cost effective LAW EEM mola EROs. 

15 1,378 
15 2.756 
15 1.378 
15 17.571 
15 835 
15 835 
15 2,756 
15 2,152 
15 2,290 
15 1,076 
15 1,033 
15 6.323 
15 24 1 
15 241 
15 2,208 
15 2,208 
15 2,208 
15 2,208 
15 1,656 
15 241 
15 241 
15 241 
15 24 1 
15 24 1 
15 241 
15 2.208 

33,029 
7,837 

11,924 
2 m 3  

5 69 
11 138 
5 69 

68 898 
4 71 
4 69 
9 138 

11 151 
11 152 
5 75 
3 53 

17 324 
1 16 
1 16 
7 125 
7 125 
7 125 
7 125 
5 93 
1 16 
1 . 16 
1 16 
1 16 
1 16 
1 16 
7 125 

133 
22 
39 
7 

1,831 
408 
a3 
125 

35 104 
71 209 
35 104 

48 119 
47 116 
66 205 
71 221 
72 224 
35 111 
24 77 

126 450 
12. 27 
12 27 
57 182 
57 182 

57 182 
43 136 
12 27 
12 27 
12 27 
12 27 
12 27 
12 27 
57 182 

460' 1,358 

57 . 182 

940 
174 
3 1  
57 

2,771 
582 

1 ,027 
182 

877 
1.755 

877 
11.354 

69 
93 

1.678 
1.970 
2,101 

985 
693 

5.907 
205 
205 

2,111 
2,111 
2.111 
2,111 
1,583 

205 
205 
205 
205 
205 
205 

2,111 

21,760 
7,Oi 1 

1 1,259 
2,111 

2.31 
2.31 
2.31 
2.30 
1 .05 
1.07 
2.26 
2.47 
2.65 
2.47 
2.53 
5.42 
2.10 
2.10 
3.82 
3.82 
3.82 
3.82 
3.82 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 ' 

3.82 

2.16 
4.24 
3.41 
3.82 



Table 2.19. Motorpool, MWR, Other, and Plant Building Energy Efficient Motor EROs 

ID 

Equipmenl Localion and Description Operating Schedule Energy Consum lion Energy Demand 
Exisling Summer Summer Wlnler Summer Winler No. of Summer Summer Winter Summer Winler On-Peak Mid-Peak 

Bldg Fac. No. of Molw On Peak Mid Peak Mid Peak Off Peak 011 Peak Months OnPeak Mid-Peak Midpeak Offpeak Off-peak Summer Winler 
Type No. Type Unils HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kwino) 

MTR-280 
MTR-281 
MTR-282 
MTR-283 
MTR-284 
MTR-285 
MTR-286 
MTR-287 
MTR-288 
MTR-289 
MTR-29 
MTR-290 
MTR-291 
MTR-292 
MTR-293 
MTR-294 
MTR-295 
MTR-296 
MTR-297 
MTR-298 
MTR-299 
MTR-300 
MTR-301 
MTR-302 

MTR-304 
MTR305 
M T R W  
MTR307 
MTR-308' 
MTR309 
MTR-310 
MTR-311 

MTR-313 
MTR-314 
MTR315 
MTR-316 
MTR-317 
MTR-318 
MTR-319 
MTR-320 
MTR-44 

MTR-303 

MTR-3 12 

MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 

00600 Evap. clr 
00600 Evap. clr 
00600 Evap. clr 
00600 Evap. clr 
00605 Evap. clr 
o0605 Evap. clr 
o0605 Evap. clr 
o0605 Evap. c!r 
00608 Evap. cIr 
o0608 Evap. clr 
00857 chiller 
00612 Evap. clr 
00612 Evap. clr 
00614 Evap. clr 
O0620 Evap. clr 
00621 Evap.clr 
00621 Evap. clr 
00623 Evap. clr 
00626 Evap. clr 
00639 Evap. clr 
00642 Evap. clr 
00646 Evap. clr 
00646 Evap. clr 
o0650 Evap. clr 
o0680 Evap. clr 
o0680 Evap. clr 
00681 Evap.clr 
00681 Evap.clr 
O0830 Evap. clr ' 

00832 Evap. clr 
00832 Evap. clr 
00837 Evap. clr 
00840 Evap. clr 
00840 Evap. clr 
00840 Evap. clr 
00847 Evap. clr 
00847 Evap. clr 
o0850 Evap. clr 
00850 Evap. clr 
00873 Evap. clr 
00879 Evap.clr 
00941 Evap. clr 
00857 chiller 

2 0.75 58.0% 
1 1.5 80.5% 
1 3 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 20 88.2% 
1 0.75 58.0% 
2 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.5 53.0% 
1 0.75 58.0% 
5 1 80.5% 
2 0.75 58.0% 
4 1 80.5% 
2 0.75 58.0% 
3 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
3 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 

10 1.5 80.5% 
10 1.5 80.5% 
2 0.75 58.0% 
4 7.5 85.5% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 . 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 , 

522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
525 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
525 

0 0  6 1,007 
0 0  6 726 
0 0  
0 0  6 504 
0 0  6 504 

6 504 0 0  
0 0  6 1,007 
0 0  6 504 
0 0  6 504 

6 504 0 0  
108 3.113 6 8.830 

0 0  6 504 
0 0  6 1,007 
0 0  6 1,007 

6 504 0 0  
0 0  6 1,007 

6 504 0 0  
0 0  6 1,007 
0 0  6 504 
0 . o  6 504 
0 0  6 504 

6 504 0 0  
0 0. 6 735 
0 0  6 504 
0 0  6 2,419 
0 0  6 1.007 
0 0  6 1,935 

0 0  6 1,511 
0 0  6 504 
0 0  6 504 
0 0  6 504 
0 0  6 504 
0 0  6 1.511 
0 0  6 504 
0 0  6 504 
0 0  6 504 
0 0  6 504 
0 0  6 1,007 
0 0  6 7.256 
0 0  6 ' 7.256 
0 0  6 1.007 

108 3.113 6 6,832 

6 1,45i 

0 0  6 .  1.007 

64 1 
462 
923 
320 
320 
320 
641 
320 
320 
320 

5.616 
320 
64 1 
641 
320 
641 
320 
641 
320 
320 
320 
320 
467 
320 

1,538 
641 

1.231 
641 
961 
320 
320 
320 
320 
961 
320 
320 
320 
320 
64 1 

4,615 
4.615 

641 
4.345 

701 0 0 8 4 
505 0 0 6 3 

1,010 0 0 11 6 
351 0 0 4 2 
351 0 0 4 2 
351 0 0 4 2 
701 0 0 8 4 
351 0 0 4 2 
351 0 - 0  4 2 
351 0 0 4 2 

8,881 1,827 52,660 135 68 
351 0 0 4 2 
70 1 0 0 8 4 
701 0 0 8 4 '  
351 0 0 4 2 
701 0 0 8 4 
351 0 0 4 2 
701 0 0 8 4 
351 0 0 4 2 
351 0 0 4 2 

351 0 0 4 2 
512 0 0 6 3 
351 0 0 4 2 

1,684 0 0 19 9 
701 0 0 8 4 

1,347 0 0 15 7 
701 0 0 a 4 

1,052 0 0 12 6 
351 0 0 4 2 
351 0 0 4 2 
351 0 0 4 2 
351 0 0 4 2 

1,052 0 0 12 6 
351 0 0 4 2 
351 0 0 4 2 
351 0 0 4 2 
351 0 0 4 2 
701 0 0 8 4 

5.052 0 0 56 28 
5.052 0 0 56 28 

701 0 0 8 4 
6.871 1.413 40.742 105 157 

351 0 .  0 4 2 



Table 2.19. (contd) 

! 

Existing MTRPOOL, MWR, OTHER, & PLT-BLDG Fan Motor Operating Parameters 
Equipment Location and Desaiplion Operaling Schedule Energy Consumption Energy Demand 

Existing Summer Summer Wlnter Summer Winter No.of Summer Summer Winter Summer Winter On-Peak Mid-Peak 
Btdg Fac. No. of Motor OnPeak MidPeak MidPeak OffPeak OffPeak Months On-Peak Mid-Peak MidPeak Off-Peak Off-Peak Summer Winter 

ID No. Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (Wh) (kWh) (kwino) (kw-mo) 

MTR-456 

MTRB 
MTR-521 

MTR-9 
MTR-94 
tv!TR.Cn 
MTR.30 
MTR-31 
MTR-32 
MTR-321 
MTR-322 
MTR-323 

MTR-325 
MTR-326 
MTR-327 
MTR-328 
MTR-329 
MTR-33 

MTR-331 
MTR-332 
MTR-333 
MTR-457 
MTR-46 
MTR-460 
MTR-461 
MTR-462 
MTR-464 
MTR-466 
MTR-469 
MTR-47 
MTR-474 
MTR-48 
MTR-334 

MTR-336 
MTR-337 

MTR-324 

MTR-330 

MTR-335 

MTR-338 
MTR-339 
MTR-475 
MTR-476 

MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
OTHER 
PLT-BLDG 
PLT-BLDG 
PLT-BLOG 
PLT-BLDG 
PLT-BLDG 
PLT-BLDG 
PLT-BLDG 

00857 AHU 
00681 FCU 
00646 dripproof 
00873 130psig 
o0680 FCU 
00857 AHU 
01322 NCheal 
01322 AICheat 
01322 NCheat 
00312 Evap. clr 
00312 Evap. clr 
00340 Evap. clr 
00410 Evap. clr 
00480 Evap. clr 
00556 Evap.clr 
00910 Evap. clr 
01322 Evap. clr 
01322 Evap.ctr ' 
01322 AICheat 
01322 Evap. clr 
01322 Evap. clr 
01322 Evap. clr 
01322 Evap. clr 
01313 fanmotors 
01322 AIC heat unit 
01313 out& fan 
01322 RTUI 
01322 RTU2 
01322 NCheat 
01322 RTU3 
01322 RTU2 
01322 NCheat 
01322 AHU 
01322 NCheai 
00992 Evap. clr 
00253 Evap. clr 
00253 Evap. clr 
00253 Evap. clr 
00263 Evap. clr 
00263 Evap. clr 
00253 basic 
00263 boiler 

1 20 88.236 
1 0.25 48.M 
1 2 73.5% 
1 15 85.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
2 1 80.5% 
1 1 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 ' 58.0% 
1 0.75 58.0% 

'1 2 80.5% 
2 1 80.5% 
1 0.25 48.0% 
1 0.25 48.0% 
1 1 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.25 48.0% 
1 0.5 53.0% 
1 0.25 48.0% 
3 0.5 53:oOm 
1 0.25 48.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 1 80.5% 
1 0.75 58.0% 
2 0.75 58.0% 
2 0.75 58.0% 
1 3 82.0% 

523 
0 

523 
523 
522 
522 

0 
0 
0 

522 
522 
522 
522 
522 
522 
522 
522 
522 

0 
522 
522 
522 
522 
523 

0 
523 
523 
523 
523 
523 
523 

0 
523 

0 
522 
522 
522 
522 
522 
522 
523 
523 

786 2.254 
0 1,215 

352 1,205 
352 1.205 
332 363 
332 363 

0 1215 
0 1,215 
0 1,215 

332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 

0 1,215 
332 363 
332 363 
332 363 
332 363 
786 2,254 

0 1,215 
786 2,254 
786 2,254 
786 2.254 
786 2,254 
786 2,254 
706 2.254 

0 1,215 
706 2,254 

0 1,215 
332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
349 1,560 
349 1.560 

0 0  
0 2,846 
0 0  
0 0  
0 0 
0 0  
0 2,846 
0 2,846 
0 2,846 
0 0  
0 0 
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 2,846 
0 0  
0 0  
0 0  
0 0  

.o  0 
0 2,846 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 2,846 
0 0  
0 2,846 
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

12 
6 

12 
12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
'6 
6 

12 
6 

12 
12 
12 
12 
12 
12 
6 

12 
6 
6 
6 
6 
6 
6 
6 

12 
6 

8.847 
0 

531 
3,443 

101 
101 

0 
0 
0 

967 
484 
504 
504 
504 
504 
967 
967 
203 

0 
484 
504 
504 
504 
406 

0 
203 
203 
203 
203 
203 
33 

, o  
1,104 

0 
504 
504 
504 
484 
504 

1,007 
1 .m 
1,427 

13.296 
0 

357 
2,317 

64 
64 
0 
0 
0 

615 
308 
320 
320 
320 
320 
615 
615 
129 

0 
308 
320 
320 
320 
61 1 

0 
305 
305 
305 
305 
305 
553 

0 
1,659 

0 
320 
320 
320 
308 
320 
641 
673 
953 

38.129 
236 

1,223 
7.932 

71 
71 

236 
236 
236 
674 
337 
351 
351 
351 
351 
674 
674 
141 
236 
337 
351 
351 
351 

1,752 
236 
876 
876 
876 
876 
076 

1,5% 
236 

4.759 
236 
351 
351 
351 
337 
351 
701 

3,010 
4.258 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
553 
0 
0 
0 
0 

553 
553 
553 
0 
0 
0 
0 
0 
0 
0 
0 
0 

553 
0 
0 
0 
0 
0 

553 
0 
0 
0 
0 
0 
0 

553 
0 

553 
0 
0 
0 
0 
0 
0 
0 
0 

68 
0 
8 

53 
2 
2 
0 
0 
0 
7 
4 
4 
4 
4 
4 
7 
7 
2 
0 
4 
4 
4 

3 
0 
2 
2 
2 
2 
2 
3 
0 
8 
0 
4 
4 
4 
4 
4 

8 
0 

4 

a 

135 
2 

16 
105 

1 
1 
2 
2 
2 
4 
2 
2 
2 
2 
2 
4 
4 .  
1 
2 
2 
2 
2 
2 
6 
2 
3 
3 
3 
3 
3 
6 
2 

17 
2 
2 
2 
2 
2 
2 
4 

15 
16 
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Table 2.19. (contd) 

Ener yConsum lion Equipment Location and Description 

No 01 

Operating Schedule 
EEM Summer Summer Wlnler Summer Winter Summer Summer Winter Summer Winter 
Motor On Peak Mid Peak Mid Peak 011 Peak 011 Peak On-Peak Mid-Peak MidPeak OflPeak 011-Peak ERO Bldg Fac 

Energy Demand 
OnPeak MidPeak 
Summer Winler 

Ener yConsum lion Equipment Location and Description 

No 01 

Operating Schedule 
EEM Summer Summer Wlnler Summer Winter Summer Summer Winter Summer Winter 
Motor On Peak Mid Peak Mid Peak 011 Peak 011 Peak On-Peak Mid-Peak MidPeak OflPeak 011-Peak ERO Bldg Fac 

MTR-280 EEM 
MTR-281 EEM 
MTR-282 EEM 
MTR-283 EEM 
MTR-284 EEM 
MTR-285 EEM 
MTR-286 EEM 
MTR-287 EEM 
MTR-288 EEM 
MTR-289 EEM 
MTR-29 EEM 
MTR-290 EEM 
MTR-291 EEM 
MTR-292 EEM 
MTR-293 EEM 
MTR-294 EEM 
MTR-295 EEM 
MTR-296 EEM 
MTR-297 EEM 
MTR-298 EEM 
MTR-299 EEM 
MTR300 EEM 
MTR-301 EEM 
MTR-302 EEM 
MTR-303 EEM 
MTR-304 EEM 
MTR-305 EEM 
M T R W  EEM 
MTR-307 EEM 
MTR-308 EEM 
MTR-309 E M  
MTR-310 EEM 
MTR-311 EEM 
MTR-312 EEM 
MTR-313 EEM 
MTR-314 EEM 
MTR-315 EEM 
MTR-316 EEM 
MTR-317 EEM 
MTR-318 EEM 
MTR-319 EEM 
MTR-320 EEM 
MTR44 EEM 

Energy Demand 
OnPeak MidPeak 
Summer Winler 

MTRPOOL 00600 Evap,clr 
MTRPOOL 00600 Evap.clr 
MTRPOOL 00600 Evap.clr 
MTRPOOL 03600 Evap.clr 
MTRPOOL 00605 Evap.clr 
MTRPOOL O0605 Evap.clr 
MTRPOOL O0605 Evap.clr 
MTRPOOL O0605 Evap. clr 
MTRPOOL o0608 Evap.clr 
MTRPOOL o0608 Evap. clr 
MTRPOOL 00857 chitter 
MTRPOOL 00612 Evap.clr 
MTRPOOL 00612 Evap.clr 
MTRPOOL 00614 Evap.clr , 

MTRPOOL 00620 Evap.clr 
MTRPOOL 00621 Evap.clr 
MTRPOOL 00621 Evap.clr 
MTRPOOL 00623 Evap.clr 
MTRPOOL 00626 Evap.clr 
MTRPOOL 00639 Evap.clr 
MTRPOOL 00642 Evap.clr 
MTRPOOL 00646 Evap.clr 
MTRPOOL 00646 Evap.clr 
MTRPOOL 00650 Evap.clr 
MTRPOOL 00680 Evap.clr 
MTRPOOL 00680 Evap.ctr 
MTRPOOL 00681 Evap.clr 
MTRPOOL 00681 Evap.clr 
MTRPOOL 00830 Evap.clr 
MTRPOOL 00832 Evap.clr 
MTRPOOL 00832 Evap.clr 
MTRPOOL 00837 Evap.clr 
MTRPOOL 00840 Evap.ctr 
MTRPOOL 00840 Evap.clr 
MTRPOOL 00840 Evap.clr 
MTRPOOL 00847 Evap.clr 
MTRPOOL 00847 Evap.clr 
MTRPOOL o0850 Evap.clr 
MTRPOOL 00850 Evap.clr 
MTRPOOL 00873 Evap.clr 
MTRPOOL 00879 Evap.clr 
MTRPOOL 00941 Evap.ctr 
MTRPOOL 00857 chiller 

ID Desaipl Type No Type Units HP (EN) (Hours) (Hours) (Hours) (Hours) (Hours) 

2 0.75 0.800 
1 1.5 0.865 
1 3 0.895 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
2 20 0.934 
1 0.75 0.800 
2 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
2 0.5 0.780 
1 0.75 0.800 
5 1 0.865 
2 0.75 0.800 
4 1 0.865 
2 0.75 0.800 
3 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
3 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 

10 1.5 0.865 
i o  1.5 0.865 
2 0.75 0.800 
4 7.5 0.917 

(kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

522 
522 
522 

.522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

, 522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

ID Desaipl Type No Type Units HP (EN) (Hours) (Hours) (Hours) (Hours) (Hours) 

332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

(kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
525 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363. 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

363 
525 

363 

0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0 
0 0  
0 0  
0 0  

108 3,113 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 

108 3,113 

730 
675 

1.305 
365 
365 
365 
730 
365 
365 
365 

8.339 
365 
730 
730 
365 
730 
365 
730 
365 
365 
365 
365 
499 
365 

2,251 
730 

1,801 
730 

1.095 
365 
365 
365 
365 

1,095 
365 
365 
365 
365 
730 

6,753 
6.753 

730 
6.370 

464 
429 
830 
232 
232 
232 
464 
232 
232 
232 

5.303 
232 
464 
464 
232 
464 
232 
464 
232 
232 
232 
232 
318 
232 

1,432 
464 

1,145 
464 
697 
232 
232 
232 
232. 
697 
232 
232 
232 
232 
464 

4,295 
4.295 

464 
4,051 

508 
470 
909 
254 
254 
254 
508 
254 
254 
254 

8.387 
254 
508 
508 
254 
508 
254 
508 
254 
254 
254 
254 
348 
254 

1,567 
508 

1.254 
508 
763 
254 
254 
254 
254 
763 
254 
254 
254 
254 
508 

4,702 
4.702 

508 
6.406 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,725 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,318 

0 
0 
0 

. o  
0 
0 
0 
0 
0 
0 

49,728 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

37.987 

6 3 
5 3 

10 5 
3 1 
3 1 
3 1 
8 3 
3 1 
3 1 
3 1 

128 64 
3 1 
6 3 
6 3 
3 1 
6 3 
3 1 
6 3 
3 1 
3 1 
3 1 
3 1 
4 2 
3 1 

17 9 
6 3 

14 7 
6 3 
8 4 
3 1 
3 1 
3 1 
3 1 
8 4 
3 1 
3 1 
3 1 
3 1 
6 3 

52 26 
52 26 
6 3 

98 146 



Table 2.19. (contd) 

Equipmen1 Location and Description 
EEM 

ERO Bldg Fac No of Motor 
ID Desa'pl .Type No T W  Units HP (Eff) 

Operating Schedule Energy Consumption Energy Demand 
Summer Summer Wlnler Summer Winler Summer Summer Winter Summer Winis On-Peak Mid-Peak 
OnPeak MidPeak MidPeak OffPeak OffPeak OnPeak Mid-Peak MidPeak OHPeak OHPeak Summer Winter 
(Hours) (Hours) (Hours) (Hours) (Hours) (Wh) (Wh) (kwh) (kWh) (W) (Wino) (kWino) 

MTR-456 EEM 

MTRB EEM 
MTR-521 EEM 

MTR-9 EEM 
MTR-94 EEM 
MTR-95 EEM 
MTR-3 EEM 
MTR-31 EEM 
MTR-32 EEM 
MTR-321 EEM 
MTR-322 EEM 
MTR-323 EEM 
MTR-324 EEM 
MTR-325 EEM 
MTR-326 EEM 
MTR-327 EEM 
MTR-328 EEM 
MTR-329 EEM 
MTR-33 EEM 
M T R W  EEM 
MTR-331 EEM 
MTR-332 EEM 
MTR-333 EEM 
MTR-457 EEM 
MTR-46 EEM 
MTR-460 E M  
MTR-461 EEM 
MTR-462 EEM 
MTR-464 EEM 
MTR-466 EEM 
MTR-469 EEM 
MTR-47 EEM 
MTR-474 EEM 
MTR-48 E M  
MTR-334 EEM 

MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MTRPOOL 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
MWR 
OTHER 

00857 AHU 
00681 FCU 
00646 dripproof 
00873 130psig 
00680 FCU 
00857 AHU 
01322 NCheal 
01322 NCheal 
01322 IVCheai 
00312 Evap. clr 
00312 Evap. clr 
00340 Evap. clr 
00410 Evap. clr 
00480 Evap.clr 
00556 Evap. clr 
00910 Evap. clr 
01322 Evap. clr 
01322 Evap. clr 
01322 NCheai 
01322 Evap. ck 
01322 Evap. clr 
01322 Evap. clr 
01322 Evap,clr 
01313 fanmolws 
01322 N C  heat unit 
01313 oui&fan 
01322 RTUl 
01322 RTU2 
01322 NCheat 
01322 RTU3 
01322 RTU2 
01322 AICheal 
01322 AHU 
01322 AICheat , 

MI992 Evap. clr 
MTR-335 EEM PLT-BLDG 00253 Evap,clr 
MTR-338 EEM PLT-BLDG 00253 Evap.clr 
MTR-337 EEM PLT-BLDG 00253 Evap.clr 
MTR-338 EEM PLT-BLDG 00263 Evap.clr 
MTR-339 EEM PLT-BLDG 00263 Evap.clr 
MTR-475 EEM PLT-BLDG 00253 basic 
MTR-476 EEM PLT-BLDG 00263 boiler 

1 20 0.934 
1 0.25 0.780 
1 2 0.866 
1 15 0.930 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
2 1 0.865 
1 1 0.865 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 2 0.866 
2 1 0.865 
1 0.25 0.780 
1 0.25 0.780 
1 1 0.865 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
2 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 0.5 0.780 
1 0.25 0.780 
3 0.5 0.780 
1 0.25 0.780 

1 0.75 0.800 
1 0.75 0.800 
1 1 0.665 
1 0.75 0.800 
2 0.75 0.800 
2 0.75 0.800 
1 3 0.895 

1 0.75 0.800 

523 
0 

523 
523 
522 
522 

0 
0 
0 

522 
522 
522 
522 
522 
522 
522 
522 
522 

0 
522 
522 
522 
522 
523 

0 
523 
523 
523 
523 
523 
523 

0 
523 

0 
522 
522 
522 
522 
522 
522 
523 
523 

786 2,254 0 0 8.355 12,556 36.006 0 0 64 128 
0 1,215 0 2,846 0 0 145 0 340 0 1 

352 1.205 0 0 451 303 1.038 0 0 7 14. 
96 352 1.205 0 0 3.146 2.118 7.249 0 

332 363 0 0 6 2  40 43 0 0 1 0 
332 363 0 0 62 40 43 0 0 1 0 

0 1,215 0 2,846 0 0 145 0 340 0 1 
0 1.215 0 2,846 0 0 145 0 340 0 1 
0 1,215 0 2,846 0 0 340 0 1 0 145 

332 363 0 0 900 573 627 0 0 .~ 7 3 
332 363 0 0 450 286 313 ' 0 0 3 2 
332 363 0 0 365 232 254 0 0 3 1 
332 363 0 0 365 232 254 0 0 3 1 
332 '363 0 0 365 232 254 0 0 3 1 

332 363 0 0 899 572 626 0 0 7 3 
332 363 0 0. 900 573 627 0 0 7 3 
332 363 0 0 125 79 87 0 0 1 0 

332 363 0 0 450 286' 313 0 0 3 2 
332 363 0 0 . 365 232 254 0 0 3 1 
332 363 0 0 365 232 254 0 0 3 1 
332 363 0 0 365 232 254 0 0 3 1 
786 2,254 0 0 250 376 1,076 0 0 2 . 4  

0 1,215 0 2,846 0 0 ' 145 . 0 3 4 0 .  0 1 
786 2,254 0 0 125 186 539 , 0 .  0 1 2 
786 2,254 0 0 125 188 539 0 0 1 2 
786 2,254 0 0 125 188 539 0 0 1 2 
786 2,254 0 0 125 188 539 0 0 1 2 
786 2,254 0 0 125 188 539 0 0 1 2 
706 2,254 0 0 250 376 1,076 0 0 2 4 

0 1,215 ' 0 2,646 0 0 145 0 340 0 1 
786 2,254 0 0 750 1,128 3,234 0 0 6 11 

0 1,215 0 2,846 0 0 340 0 1 0 145 
332 363 0 0 365 232 254 0 0 3 1 
332 363 0 0 365 232 254 0 0 3 1 
332 363 . 0 0 365 232 254 0 0 3 1 
332 363 0 0 450 286. 313 0 0 3 2 
332 363 0 0 365 232 254 0 0 3 1 
332 363 0 0 730 464 508 0 0 6 3 
349 1,560 0 0 732 488 2,182 0 0 6 11 
349 1.560 0 0 1,308 873 3,901 0 0 0 15 

0 48 

332 363 0 0 365 232 254 0 0 3 .  1 

0 '1,215 0 2,646 0 0 340 ' 0 1 0 145 



Table 2.19. (contd) 

ID 

Annual Energy and Demand Savings Life Cycle Cost 
RI Equip Labor Rebale Mainl. Energy Demand Energy Demand Tolal 
01 Price Cost lncenlive Cos1 Life Savings Savings Savings Savings Savings NW 

ROF ERO (1994$) (1994s) (1994$) (19949 (Y ears) (kWh) (kWmo) (1994$) (1994 $) (1994 $) (1994$) SIR 

MTR-280 
MTR-282 
MTR-283 
MTR-284 
MTR-285 
MTR-286 
MTR-287 
MTR-288 
MTR-289 
MTR-29 
MTR-290 
MTR-291 
MTR-292 
MTR-293 
MTR-294 
MTR-295 
MTR-296 
MTR-297 
MTR-298 
MTR-299 
MTR300 
MTR-301 

MTR-304 
MTR-306 
MTR-307 

MTR-309 

MTR-302 

MTR-308 

MTR-310 
MTR-311 
MTR-312 
MTR-313 
MTR-314 

MTR-316 
MTR-317 
MTR-320 
MTR-44 
MTR-456 
MTR-521 
MTRB 

MTR-315 

MTR-9 
MTR-94 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

298 
415 
149 
149 
149 
298 
149 
149 
149 

2,536 
149 
298 
298 
149 
298 
149 
298 
149 
149 
149 
149 
266 
149 
298 
298 
447 
149 
149 
149 
149 
447 
149 
149 
149 
149 
298 
298 

2.588 
1.268 

113 
442 

1.042 
113 

148 
74 
74 
74 
74 

148 
74 
74 
74 

258 
74 

148 
148 
74 

148 
74 

148 
74 
74 
74 
74 

148 
74 

148 
148 
222 
74 
74 
74 
74 

222 
74 
74 
74 
74 

148 
148 
324 
129 
74 
74 

105 
74 

32 
35 
16 
16 
16 
32 
16 
16 
16 

240 
16 
32 
32 
16 
32 
16 
32 
16 
16 
16 
16 
30 
16 
32 
32 
48 
16 
16 
16 
16 
48 
16 
16 
t 6  
16 
32 
32 

240 
120 

0 
20 
90 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

646 
I 340 

323 
323 
323 
646 
323 
323 
323 

4,332 
323 
646 
646 
323 
646 
323 
646 
323 
323 
323 
323 

. 549 
323 
648 
646 
969 
323 
323 
323 
323 
969 
323 
323 
323 
323 
646 
646 

4,070 
3.356 

303 
319 

1.178 
91 

3 
2 
2 
2 
2 
3 
2 
2 
2 

11 
2 
3 
3 
2 
3 
2 
3 
2 
2 
2 
2 
3 
2 
3 
3 
5 
2 
2 
2 
2 
5 
2 
2 
2 
2 
3 
3 

18 
11 
1 
4 

14 
1 

60 
29 
30 
30 
30 
60 
30 
30 
30 

194 
30 
60 
60 
30 
60 
30 
60 
30 
30 
30 
30 
51 
30 
59 
59 
90 
30 
30 
30 
30 
90 
30 
30 
30 
30 
60 
60 

192 
21 1 

15 
26 
89 
8 

41 
20 
20 
20 
20 
41 
20 
20 
20 

116 
20 
41 
41 
20 
41 
20 
41 
20 
20 
20 
20 
35 
20 
40 
40 
61 
20 
20 
20 
20 
61 
20 
20 
20 
20 
41 
41 

133 
72 

3 
28 
96 
11 

101 
49 
50 
50 
50 

101 
50 
50 
50 

310 
50 

101 
101 
50 

101 
50 

101 
50 
50 
50 
50 
86 
50 

100 
100 
151 
50 
50 
50 
50 

151 
50 
50 
50 
50 

101 
101 
325 
282 

18 
54 

185 
20 

1.160 
206 
580 
580 
580 

1.160 
580 
580 
580 

1.831 
580 

1.160 
1,160 

580 
1,160 

580 
1,160 

580 
580 
580 
580 
950 
580 

1,167 
1.167 
1.740 

580 
580 
580 
580 

1,740 
580 
580 
580 
580 

1,160 
1.160 
1,900 
3,103 

65 
235 

1,730 
101 

3.80 
1.45 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
1.72 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.47 
3.80 
3.82 
3.82 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
380 
1.71 
3.43 
1.35 
1.47 
2.64 
1.54 



Table 2.19. (contd) 

Annual Energy-and Demand Savings 
Equip Labor Rebale Main!. Energy Demand . Energy Demand ToIal 
Rice Cos! Incentive Cos1 Life Savings Savings Savings Savings Savings 

(1994 $) 

MTR-95 
MTR-30 
MTR-31 
MTR-32 
MTR-323 

MTR-325 

MTR-329 
MTR-33 
MTR-331 
MTR-332 
MTR-333 
MTR-457 
MTR-46 
MTR-460 

tb' MTR-461 
w MTR-462 
VI MTR-464 

MTR-466 
MTR-469 
MTR-47 
MTR-474 
MTR-48 
MTR-334 
MTR-335 
MTR-336 
MTR-338 
MTR-339 
MTR-475 
MTR-476 

MTR-324 

MTR-326 

w 

NW 
(1994s) SIR 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

Ri 

ERO (1994t) (1994s) (1994s) (1994s) (v ears) (Wh) (W4llO) (1994 S) (1994 $1 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

Tolals: MOTORPOOL 
MWR 
OTHER 
PLT-BLDG 

113 
113 
113 
113 
1 49 
149 
149 
149 
113 

. 113 
149 
149 
149 
226 
113 
113 
1 13 
113 
113 
113 
133 
113 
399 
113 
149 
149 
149 
149 
298 
298 
415 

16,048 
3,270 

149 
1,458 

74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

148 
74 
74 
74 
74 
74 
74 
74 
74 

z 2  
74 
74 
74 
74 
74 

148 
148 
74 

4.886 
1,924 

74 
592 

0 
0 

16 
16 
16 
16 
0 
0 

16 
16 
16 
0 
0 
0 
0 
0 
0 
0 

15 
0 

45 
0 

18 
16 
16 
16 
32 
32 
35 

1,543 
1 72 
16 

147 

74 0 
74 '- 0 

0 
.O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

15 
15 
15 
i 5  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
!5 
15 
15 
15 
f5 

91 
303 
303 
303 
323 
323 
323 
323 
182 
303 
323 
323 
323 

1.065 
303 
532 
532 
532 
532 
532 
804 
303 

2,41 1 
303 
323 
323 
323 
323 
646 

1,290 
556 

30,133 
11,509 

323 
3,461 

.1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 
4 
1 
2 
2 
2 
2 
2 
3 
1 
8 
1 
2 
2 
2 
2 
3 
6 
1 

141 
42 
2 

16 

9 12 
15 3 
15 3 
15 3 
30 20 
30 20 
3tl 20 
30 20 
17 12 
15 3 
30 20 
30 20 
30 20 
84 29 
15 3 
42 14 
42 14 
42 14 
42 14 
42 , 14 
63 21 
15 3 

189 64 
15 3 
30 . 21 
30 20 
30 20 
31 21 
61 41 

io6 50 
41 4 

2,268 1.498 
880 350 
30 21 

299 156 

20 
18 
18. 
18 
50 
50 
50 
50 
29 
18 
50 
50 
50 

112 
18 
56 
56 
56 
56 
56 
84 
18 

253 
18 
51 
50 
50 
51 

103 
156 
44 

3,766 
1,238 

51 
455 

93 
56 
56 
56 

580 
580 
580 
580 
240 
56 

580 
580 
580 

1,426 
56 

713 
713 
713 
713 
713 

1,183 
56 

3,550 
56 

577 
582 
582 
575 

1,151 
2,118 

133 

38.073 
14,413 

577 
5,138 

1.50 
1.30 
1.30 
1.30 
3.80 
3.80 
3.80 
3.80 
2.29 
1.30 
3.80 
3.80 
3.80 
4.81 
1 .30 
4.81 
4.81 
4.81 

4.81 
7.16 
1.30 
7.16 
1.30 
3.79 
3.81 
3.81 
3.78 
3.78 
6.12 
1.29 

2.96 
3.87 
3.79 
3.70 

4.81 



Table 2.20. Pump, Recreation, Security, Shop, Storage, Training, and Cold Warehouse Building Energy Efficient Motor EROs 

Equipmenl Localion and Description Operaling Schedule Energy Consumption 
Exisling Summer Summer Wlnlw Summer Winler No. of Summer Summer Winler Summer Winler 

No. Type Unils HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kWh) 
El@ Fac. No. of Motor On Peak Mid Peak Mid Peak Off Peak Off Peak Monlhs On-Peak Mid-Peak MidPeak Off-peak OIfPeak 
Type ID 

Energy Demand 
On-Peak Mid.Peak 
Summer Wink  
(kWmo) (kWmo) 

MTR-10 
MTR-11 
MTR-340 
MTR-341 
MTR-342 
MTR-477 
MTR-343 
MTR-344 
MTR-345 
MTR-36 
MTR-481 
MTR-346 
MTR-347 
MTR-348 

MTR-12‘ 
MTR-349 

MTR-350 
MTR-351 
MTR-352 
MTR-353 
MTR-354 
MTR-355 
MTR-356 
MTR-357 
MTR-358 
MTR-359 
MTR-360 
MTR-361 
M T R W  
MTR-363 
M T R W  
MTR-365 
MTR-366 
MTR367 
MTR-368 
MTR-369 
MTR-482 
MTR-483 
MTR-37 
MTR-485 
MTR-486 
MTR-49 

PUMP 00044 drippoof 1 
PUMP 00652 selpl40psi 1 
PUMP 00044 Evap.clr 2 
PUMP 00700 Evap.clr 1 
PUMP 00838 Evap.clr 1 
PUMP 00324 AHU 1 
REC 00322 Evap. clr 10 
REC 00338 Evap. clr 2 
REC 00905 Evap. clr 1 
REC o0905 healpmp 4 
REC 00905 cond 1 
SECURTY bo326 Evap. clr 1 
SECURTY 00326 Evap. clr 1 
SECURTY 00326 Evap. clr 1 
SECURTY 00427 Evap. clr 1 
SHOP 00367 115psi 1 
SHOP 00356 Evap.clr 2 
SHOP 00357 Evap.clr 1 
SHOP 00357 Evap.clr 1 
SHOP 00357 Evap.clr 1 
SHOP 00367 Evap.clr 5 
SHOP 00367 Evap.clr 2 
SHOP 00384 Evap.clr 1 
SHOP 00384 Evap.clr 4 
SHOP 00842 Evap.clr 1 
SHOP 00842 Evap.clr 1 
SHOP-ELC 00581 Evap.clr 1 
SHOP-ELC . 00581 Evap. clr ‘ 4  
SHOP-ELC 00616 Evap. clr 2 
SHOP-WPN 07602 Evap. clr 1 
STOR-UH 00148 Evap. clr 1 
TRAlNG 00490 Evap.clr 4 
TRAlNG 00492 Evap.clr 4 
TRAlNG 00496 Evap.clr 1 
TRAlNG 00496 Evap.clr 1 
TRAlNG 00547 Evap.clr 1 
TRAlNG 01202 indrfan 1 
TRAlNG 01202 ouldrfan 1 
WHSCLD 00862 healpnp 1 
WHSCLD 00862 aircurtain 2 
WHSCLD 00862 7000cfm 2 
WHSCLD 00862 healpmp 1 

2 
15 

0.75 
1.5 

0.75 
5 
1 

0.75 
1.5 

1 
5 

1.5 
0.75 
1.5 
1.5 
20 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

1 
1 
1 

0.75 
0.75 

1.5 
0.5 

0.333 
0.25 
0.5 

3 
0.25 

80.5% 
85.0% 
58.0% 
80.5% 
58.0% 
83.5% 
80.5% 
58.0% 
80.5% 
80.5% 
83.5% 
80.5% 
58.0% 
80.5% 
80.5% 
88.2% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
58.0% 
80.5% 
80.5% 
80.5% 
58.0% 
58.0% 
80.5% 
53.0% 
48.0% 
48.0% 
53.0% 
820% 
48.0% 

523 
523 
522 
522 
522 
523 
522 
522 
522 
522 
523 
522 
522 
522 
522 
523 
522 

2: 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
522 
523 
523 

0 

352 
352 
332 
332 
332 
349 
332 
332 
332 
332 
349 
332 
332 
332 
332 
352 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
349 
349 
332 
786 
349 

0 

1,205 
1,205 

363 
363 
363 

1,560 
363 
363 
363 

1.740 
1,560 

363 
363 
363 
363 

1.205 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

1,560 
1,560 
1.740 
2.254 
1,560 
1,215 

0 0  
0 0  
0 0  
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  

108 3.113 
0 0  
O G  
0 0 
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 
0 0 
0 0  
0 0  
0 0  
0 0  
0 0 
0 0 
0 0  
0 0  

108 3.113 
1.619 3,578 

0 0  
0 2,846 

12 
12 
6 
6 
6 

12 
6 
6 
6 

12 
12 
6 
6 
6 
6 

12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
.6 
6 
6 
6 
6 

12 
12 
12 
12 
12 
6 

485 
3.443 
1,007 

726 
504 

2,336 
4.837 
1,007 

726 
967 

2,336 
726 
504 
726 
726 

4,424 
1 ,007 

504 
504 
504 

2,518 
1,007 

504 
2,014 

504 
504 
504 

2,014 
1,007 

504 
484 

1,935 
1,935 

504 
504 
726 
368 
27 1 
101 
736 

2.855 
0 

326 
2,317 

641 
462 
320 

1.559 
3,077 

641 
462 
615 

1,559 
462 
320 
462 
462 

2,977 
641 
320 
320 
320 

1.601 
641 
320 

1,281 
320 
320 
320 

1,281 
641 
320 
308 

1,231 
1,231 

320 
320 
462 
246 
181 
64 

1,106 
1,905 

0 

1.117 
7,932 

701 
505 
351 

6,969 
3.368 

701 
505 

3.225 
6,969 

505 
351 
505 
505 

10,192 
701 
351 
351 
351 

1,753 
70 1 
351 

1,402 
351 
351 
351 

1,402 
701 
351 
337 

1,347 
1,347 

351 
351 
505 

1,098 
807 
338 

3,173 
8,515 

236 

0 0 7 15 
0 0 53 105 
0 0 8 4 
0 0 6 3 
0 0 4 2 
0 0 18 36 
0 0 37 19 
0 0 8 4 
0 0 6 3 

200 5,770 15 30 
0 0 18 36 
0 0 6 3 
0 0 4 2 
0 0 6 3 
0 0 6 3 
0 0 68 135 
0 0 8 4 
0 0 4 2 
0 0 4 2 
0 0 4 2 
0 0 19 10 
0 0 8 4 

‘ 0  0 4 2 
0 0 15 8 
0 0 4 2 
0 0 4 2 
0 0 4 2 
0 0 15 8 
0 0 8 4 
0 0 4 2 
0 0 4 2 

15 7 0 0  
0 0 15 7 
0 0 4 2 
0 0 4 2 
0 0 6 3 
0 0 3 6 
0 0 2 4 

21 605 2 3 
2.279 5.036 6 11 

0 0 2 2  44 
0 553 2 2 



Table 2.20. (contd) 

Equipment Localion and Desaiplion Operaling Schedule Ener y Consumplion 
EEM Summer Summer Wlnter Summer Winter Summer Summer Wink  Summer Winler 
Molor On Peak Mid Peak Mid Peak Off Peak Off Peak OnPeak Mid-Peak MidPeak OflPeak Ofl-Peak ERO Bldg Fac No of 

PUMP. 00044 dripproof 
PUMP 00652 selpt40psi 
PUMP 00044 Evap.clr 
PUMP . 00700 Evap.clr 
PUMP 00838 Evap.clr 
PUMP 00324 AHU 
REC 00322 Evap.clr 
REC 00338 Evap.clr 
REC 00905 Evap. clr 
REC 00905 healpmp 
REC 00905 cond 
SECURTY 00326 Evap. clr 
SECURTY 00326 Evap.clr 
SECURTY 00326 Evap.clr 
SECURTY 00427. Evap. clr 
SHOP 00367 115psi ' 
SHOP 00356 Evap.clr 
SHOP 00357 Evap.clr 
SHOP 00357 Evap.clr 
SHOP 00357 Evap,clr 
SHOP 00367 Evap.clr 
SHOP 00367 Evap.clr 
SHOP 00384 Evap.clr 
SHOP 00384 Evap.clr 
SHOP 00842 Evap,clr 
SHOP 00842 Evap. clr 

SHOP-ELC 00581 Evap.ck 
SHOP-ELC 00616 Evap. clr 
SHOP-WPN 07602 Evap.clr . 
STOR-UH 00148 Evap. clr 
TRAlNG 00490 Evap.clr 
TRAlNG 00492 Evap,clr 
TRAlNG 00496 Evap.clr 
TRAlNG 00496 Evap,clr 
TRAlNG 00547 Evap.clr 
TRAlNG 01202 inckfan 
TRAlNG 01202 outdrfan 
WHSCLD 00862 hF tpnp  
WHSCLD 00862 air curfain 
WHSCLD 00862 7ooOcfm 
WHSCLD 00862 healpnp 

SHOP-ELC 00581 EWp.Clr 

Energy Demand 
OnPeak MidPeak 
Summer Winter 

1 2 0.866 
1 15 0.930 
2 0.75 0.800 . 
1 1.5 0.865 
1 0.75 0.800 
1 5 0.902 

10 1 0.865 
2 0.75 0.800 
1 1.5 0.865 
4 1 0.865 
1 5 0.902 
1 1.5 0.865 
1 0.75 0.800 
1 1.5 0.865 
1 1.5 0.865 
1 20 0.934 
2 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
5 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
4 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
4 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
1 1 0.865 
4 1 0.865 
4 1 0.865 
1 0.75 0.800 
1 0.75 0.800 
1 1.5 0.865 
1 0.5 0.780 
1 0.333 0.780 
1 0.25 0.780 
2 0.5 0.780 
2 3 0.895 
1 0.25 0.780 

ID Desaipl Type No Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

523 352 1.205 0 0 451 303 
523 352 1,205 0 0 3.146 2.118 
522 332 363 ' 0 0 730 464 
522 . 332 363 0 0 675 429 
522 332 363 0 0 365 232 
523 349 1,560 0 0 2,163 1.443 
522 332 363 0 0 4.502 2,863 
522 332 363 0 0 730 464 
522 332 363 0 0 675 429 
622 332 1,740 108 3.113 900 573 
523 349 1.560 0 0 2.163 1.443 
522 332 363 0 0 675 429 
522 332 363 0 0 365 232 
522 332 363 0 0 675 429 
522 332 363 0 0 675 429 
523 352 1,205 0 0 4.177 2.811 
522 332 363 0 0 730 464 
522 332 363 0 0 365 232 
522 332 363 0 0 365 232 
522 332 363 0 0 365 232 
522 332 363 0 0 1.825 1,161 
522 332 363 0 0 730 464 
522 332 363 0 0 365 232 
522 332 363 0 0 1,460 929 
522 332 363 0 0 365 232 
522 332 363 0 ' 0 365 232 
522 332 363 . 0 0 365 232 
522 332 363 0 0 1,460 929 
522 332 363 0 . 0 730 464 
522 332 363 0 0 365 232 
522 332 363 0 0 450 286 
522 332 363 0 0 1.801 1,145 
522 332 363 0 0 1,801 1,145 
522 . 332 363 0 0 365 232 
522 332 363 0 0 365 232 
522 332 363 0 0 675 429 
523 349 1.560 0 0 250 167 
523 349 1.560 0 0 167 111 
522 332 1,740 108 3.113 62 40 
523 786 2,254 1,619 3,578 500 752 
523. 349 1.560 0 0 2,616 1,745 

0 0 1,215 0 2.846 0 '  0 

1.038 
7.249 
508 
470 
254 

6,451 
3.135 

508 
470 

3.001 
6,451 

470 
254 
470 
470 

9,625 
508 
254 
254 
254 

1.271 
508 
254 

1.017 
254 
254 
254 

1,017 
508 
254 
313 

1,254 
1,254 

254 
. 254 

470 
746 
497 
208 

2.156 
7,802 

145 

0 0 - 7  14 
0 
0 0 6 3 
0 0 5 3 
0 0 3 1 
0 0 17 33 
0 0 34 17 
0 0 6 3 
0 0 5 3 

186 5.369 . 14 28. 
0 0 17 33 
0 0 5 3 
0 0 3 1 
0 0 5 3 
0 0 5 3 
0 0 64 128 
0 0 6 3 
0 0 3 1 
0 0 3 ' 1  
0 0 3 1 
0 0 14 7 
0 0 6 3 
0 0 3 1 
0 0 11 6 
0 0 3 1 
0 0 3 1 
0 0 3 1 
0 0 11 6 

6 3 0 ' 0  
0 0 3 1 
0 0 3 2 
0 0 14 7 
0 0 14 7 
0 0 3 1 
0 0 3 1 
0 0 5 3 
0 0 2 4 
0 0 1 3 

13 372 1 2 
1,548 3.422 4 8 

0 0 2 0  40 
0 340 1 1 

0 48. 96 . 



Table 2.20. (contd) 

RI 
or 

ID ROF 

Annual Energy and Demand Savings Life Cycle Cost 
Equip Labor Rebale Mainl. Energy Demand Energy Demand Tolal 
Rice Cost Incentive Cost Life Savings Savings Savings Savings Savings NPV 

ERO (1994$) (1994$) (1994$) (1994$) (Years) (kWh) (kw-mo) (1994 $) (1 994 $) (1994 $) (1994$) SIR 

MTR-11 
MTR-340 
MTR-342 
MTR-477 

MTR-481 
MTR-344 

MTR-347 
MTR-12 
MTR-350 
MTR-351 
MTR-352 
MTR-353 
MTR-354 
MTR-355 
MTR-356 
MTR-357 
MTR-358 

MTR360 
MTR-361 

MTR-359 

MTR-362 
MTR-363 
MTR-367 
MTR368 
MTR-482 
MTR-483 

MTR-485 
MTR-486 
MTR-49 

MTR-37 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

Tolals: PUMP 
REC 
SECURTY 
SHOP 
SHOP-ELC 

STORUH 
TRAlNG 
WHSCLD 

SHOP-WPN 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

1,042 
298 
149 
478 
298 
478 
149 

1,268 
298 
149 
149 
149 
745 
298 
149 
596 
149 
149 
149 
596 
298 

149 
149 
133 
113 
113 
266 
830 
113 

,149 

105 
148 
74 
74 

148 
74 
74 

129 
148 
74 
74 
74 

370 
148 
74 

296 
74 
74 
74 

296 
148 
74 
74 
74 
74 
74 
74 

148 
148 
74 

9 0 0  
32 0 
16 0 
40 0 
32 0 
40 0 
16 0 

120 0 
32 0 
16 0 
16 0 
16 0 
80 0 
32 0 
16 0 
6 4 0  
16 0 
16 0 
16 0 
64 0 
32 0 
16 0 
16 0 
16 0 
15 0 
0 0  
0 0  

3 0 0  
70 0 
0 0  

1,967 401 178 0 
776 222 72 0 
149 74 16 0 

4,099 1,535 424 0 
1,043 518 112 0 

149 74 16 0 

544 296 47 0 
1.322 444 100 0 

There are no cost elfeelive STOR-UH EEM EROs. 

15 
15 
15 
15 
15 
15 . 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

1.178 14 
646 3 
323 2 
807 4 
646 3 
807 4 
323 2 
979 11 
646 3 
323 2 
323 2 
323 2 '  

1.615 8 
646 3 
323 2 

1.292 6 
323 2 
323 2 
323 2 

1,292 6 
646 3 
323 2 
323 2 
323 2 
549 3 
484 2 
434 2 

3.952 5 
1.112 5 

303 1 

2,954 22 
1,453 7 

323 2 
7,116 42 
2,261 11 

323 2 

1.679 8 
5.802 14 

96 
41 
20 
27 
41 
27 
20 
72 
41 
20 
20 
20 

102 
41 
20 
81 
20' 
20 
20 
81 
41 
20 
20 
20 
21 
19 
14 
43 
38 
13 

184 
68 
20 

458 
142 
20 

81 
109 

89 
60 
30 
58 
60 
58 
30 
67 
60 
30 
30 
30 

151 
60 
30 

120 
30 
30 
30 

120 
60 
30 
30 
30 
46 
40 
26 

219 
81 
15 

237 
118 
30 

639 1 
21 1 
30 

146 
342 

185 
101 
50 
85 

101 
85 
49 

138 
101 
50 
50 
50 

252 
101 
50 

202 
50 
50 
50 

202 
101 
50 
50 
50 
67 
59 
40 

262 
120 
29 

421 
185 
49 

,096 
353 ' 

50 

227 
451 

1,730 
1,160 

580 
750 

1,160 
750 
585 
623 

1.160 
580 
580 
580 

2.900 
1,160 

580 
2,320 

580 
580 
580 

2,320 
1,160 

580 
580 
580 
885 
768 
437 

3.981 
794 
240 

2 64 
3.80 
3.80 
2 47 
3 80 
2.47 
3 83 
1 49 
3.80 
3.80 
3.80 
3 80 
3 80 
380 
3.80 
3.80 
380 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
5.61 
5.11 
3.34 

11.37 
1.87 
2.28 

4,221 2.93 
1,910 3.06 

585 3.83 
11,644 3.24 
4,061 3.80 

580 3.80 

2.813 4.55 
5.452 4.27 



Table 2.21. Warehouse Building Energy Efficient Motor EROs 

Operating Schedule Energy Consumplion Equipmenl Localion and Description 
Existing Summer Summer Wlnler Summer Winter No. of Summer Summer Winler Summer Winler 

Bldg Fac. No. of Molor On Peak Mid Peak Mid Peak Oil Peak Ofl Peak Months OnPeak Mid-Peak Mid-Peak Oil-Peak OifPeak 

:1 
P 
.i Energy Demand 

On-Peak Mid-Peak 
Summer Winter 

ID . Type No. Type Units HP (Err) (Hours) (Hours) '(Hours) (Hours) (Hours) OnPeak 

MTR-13 
MTR-370 
MTR-371 
MTR-372 
MTR-373 
MTR-374 
MTR-375 
MTR-376 
MTR-377 
MTR-378 
MTR-379 
MTR-380 
MTR-381 
MTR-382 
MTR-383 
MTR-384 
MTR-385 
MTR-386 
MTR-387 
MTR-388 
MTR-389 

I MTR-390 
MTR-391 
MTR-392 
MTR-393 
MTR-394 
MTR-395 
MTR-396 
MTR-397 
MTR-398 
iViTRS99 
MTR-400 
MTR-401 
MTR-402 
MTR-403 
MTR-404 

' MTR-405 
MTR-406 
MTR-407 
MTR-408 
MTR-409 
MTR-410 
MTR-411 

(kwh) (kWh) (kWh) (kWh) (kWh) (kw-mo) (kWmo) 

WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 

00552 wallmnl 
00024 Evap.clr 
00234 Evap.clr 
00277 Evap.clr 
00306 Evap.clr 
00318 Evap.ck 
00318 Evap. clr 
00318 Evap. clr 
00318 Evap.clr 
00333 Evap.clr 
00333 Evap,clr 
00333 Evap.clr 
00342 Evap.ch 
00342 Evap.clr 
00344 Evap.clr 
00352 Evap.ck 
00360 Evap.clr 
00364 Evap.ck 
00364 Evap.ck 
00364 Evap,clr 
00435 Evap.clr 
00456 Evap.clr 
00460 Evap.ck 
00462 Evap.clr 
00462 Evap.clr 
00470 Evap. clr 
00470 Evap.ck 
00470 Evap.clr 
00472 Evap,clr 
00474 Evap.clr 
09466 Evap. clr 
00486 Evap,clr 
00517 Evap.ck 
00531 Evap.clr 
00531 Evap.clr 
00537 Evap.clr 
00545 Evap. clr 
00558 Evap. clr 
00584 Evap.clr 
00585 Evap. clr 
00818 Evap. ck . 
00827 Evap. clr 
00827 Evap.clr 

2 0.5 53.0% 
1 0.75 58.0% 
I 0.75 58.0% 
1 1.5 80.5% 
2 1.5 80.5% 
. 1 0.75 58.0% 

1 0.75 58.0% 
2 0.75 , 58.0% 
1 0.75 58.0% 
1 1 80.5% 
1 0.75 58.0% 
2 0.75 58.0% 
2 0.75 58.0% 
4 0.75 58.0% 
2 0.75 58.0% 
2 0.75 58.0% 
.l 0.75 58.0% 
2 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 1.5 80.5% 
1 1.5 80.5% 
1 1.5 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
2 0.75 58.0% 
1 1.5 80.5% 
1 0.75 58.0% 
1 1.5 80.5% 
1 1.5 80.5% 
1 0.75 3.0% 
1 0.75 58.0% 
4 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 1.5 80.5% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 0.75 58.0% 
1 20 88.2% 
1 0.75 58.0% 
3 0.75 58.oOh 

523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522. 
522 
522 
522 
522 
522 
522 
522 

352 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

1.205 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

363 
363 
363 
363 
363 
353 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

$3 

0 0 12 
0 0  6 
0 0  6 

6 0 0  
6 0 0  

0 0  6 
6 0 0  
6 0 0  

0 0  6 
0 0  6 
0 0  6 

6 0 0  
6 0 0  

0. 0 6 
.O 0 .  6 

6 0 0  
0 0  6 

6 0 0  
0 0  6 
0 0  6 
0 0  6 

6 0 0  
6 0 0  
6 0 0  

0 0  6 
0 0  6 

6 0 0  
6 
6 0 0  
6 0 0  

0' 0 6 
6 0 0  

0 0  6 
6 0 0  
6 0 0  

0 0  6 
0 0  6 

6 0 0  
0 0  6 
0 0  6 

6 0 0  
0 0  6 
0 0  6 

0 0 .  

368 
504 
504 
726 

1,451 
504 
504 

1.007 
504 . 
484 
504 

1.007 
1,007 
2,014 
1,007 
1.007 

504 
1.007 

504 
1 ,007 

726 
726 
726 
504 
504 

1,007 
726 
504 
726 
726 
59: 
504 

2.014 
504 
504 
726 
504 
504 
504 
504 

8.830 
504 

1,511 

248 
320 
320 
462 
923 
320 
320 
641 
320 
308 
320 
641 
641 

1.281 
641 
641 
320 
641 
320 
64 1 
462 
462 
462 
320 
320 
641 
462 
320 
462 
462 
320 
320 

1.281 
320 
320 
462 
320 
320 
320 
320 

5,616 
320 
961 

848 
351 
351 
505 

1,010 
35 1 
351 
70 1 
35 1 
337 
351 
70 1 
701 

1.402 
701 
701 
351 
70'1 
351 
70 1 
505 
505 
505 
351 
351 
70 1 
505 
351 
505 
505 
351 
351 

1,402 
351 
351 
505 
351 
351 
351 
351 

6,148 
351 

1,052 

0 0 6 11 
0 0 4 2 
0 0 4 2 
0 0 6 3 
0 0 11 6 
0 0 ' 4  2 
0 0 4 2 
0 0 8 4 
0 0 4 2 
0 0 4 2 
0 0 4 2 
0 0 8 4 
0 0 8 4 
0 0 15 8 
0 0 8 4 
0 0 8 4 
0 ' 0  4 2 
0 0 8 4 
0 0 4 2 
0 0 8 4 
0 0 6 3 
0 0 6 3 
0 0 6 3 
0 0 4 2 
0 0 4 2 
0 0 8 4 
0 0 6 .  3 
0 0 4 2 
0 0 6 3 
0 0 6 3 
0 0 4 2 
0 0 4 %  2 
0 0 15 8 
0 0 4 2 
0 0 4 .  2 
0 0 6 3 
0 0 4 2 
0 0 4 2 
0 0 4 2 
0 0 4 2 .  
0 0 68 34 
0 0 4 2 
0 0 12 6 



Table 2.21. (contd) 

Equipment Location and Description Operating Schedule Energy Consumption Energy Demand 

Bldg Fac. No. of Mota On Peak Mid Peak Mid Peak Of1 Peak Off Peak Months On-Peak Mid-Peak MidPeak Off-peak Off-peak Summer Winter 
Existing Summer Summer Wlnler Summer W i n k  No of Summer Summer Winler Summer Winter On-Peak Mid-Peak 

ID Type No. Type Units HP (Elf) 

MTR-412 WHS 
MTR-413 WHS 
MTR-414 WHS 
MTR-415 WHS 
MTR-416 WHS 
MTR-417 WHS 
MTR-484 WHS 
MTR-96 WHS 

(Hours) (Hours) (Hours) (Hours) (Hours) On Peak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

00827 Evap. clr 
00844 Evap. clr 
00860 Evap. clr 
00860 Evap. clr 
00860 EVAP 
00934 EVAP 
00474 EFU 
20001 AHU 

0.75 
0.75 
0 75 
0.75 
0.75 
0.75 
0.5 

0 25 

58.0% 522 332 363 
58.0% 522 332 363 
58.0% 522 332 363 
58.0% 522 332 363 
58.056 522 332 363 
58.0% 522 332 363 
53.0% 523 349 1,560 
48.0% 522 332 363 

6 504 0 0  
0 .  0 6 504 

6 504 0 0  
0 0  6 1.007 

6 504 0 0  
0 0  6 1.511 
0 0 12 736 
0 0  6 406 

320 
320 
320 
641 
320 
96 1 
491 
258 

351 
351 
351 
70 1 
351 

1,052 
2,196 

282 

0 0 4 2 
0 0 4 2 
0 0 4 2 
0 0 8 4 
0 0 4 2 

6 0 0 
0 0 6 11 
0 0 6 3 

12 

h, 

0 



Table 2.21. (contd) 

Equipment Location and Description Operating Schedule Energy Consumption 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter 
Motor On Peak Mid Peak Mid Peak Ofl Peak Off Peak On-Peak MidPeak MidPeak OffPeak OflPeak ERO Bldg Fac No of 

Energy Demand 
OnPeak MidPeak 
Summer Winter 

MTR-13 EEM 
MTR-370 EEM 

MTR-372 EEM 
MTR-373 EEM 

MTR-375 EEM 

MTR-377 EEM 
MTR-378 EEM 
MTR-379 *EEM 
MTR-380 EEM 
MTR-381 EEM 
MTR-362 EEM 
MTR-363 EEM 

’MTR-384 EEM 
MTR-365 EEM 
MTR-366 EEM 
MTR-387 EEM 

MTR-389 EEM 
MTR-390 EEM 
MTR-391 EEM 
MTR-392 EEM 
MTR-393 EEM 
MTR-394 EEM 
MTR-395 EEM 
MTR-396 EEM 
MTR-397 EEM 
MTR-398 EEM 
MTR-399 EEM 
MTR-400 EEM 
MTR-401 EEM 
MTR-402 EEM 
MTR-403 EEM 
MTR-404 EEM 
MTR-405 EEM 
MTR-406 EEM 
MTR-407 EEM 
MTR-408 EEM 
MTR-409 EEM 
MTR-410 EEM 
MTR-411 . EEM 

MTR-371 EEM 

MTR-374 EEM 

MTR-376 EEM 

MTR-388 EEM 

ID Desaipt Type No T y p  Units HP (Err) (Hours) (Hours) (Hours) (Hours) (Hours) 

WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 
WHS 

(kWh) (kWh) (kWh) (kWh) (kWh) (kW-mo) (Wmo) 

00552 wallmnt 
00024 Evap.clr 
00234 Evap. clr 
00277 Evap. ck 
00306 Evap. clr 
00318 Evap.clr 
00318 Evap. clr 
00318 Evap. clr 
00318 Evap. clr 
00333 Evap.clr 
00333 Evap. clr 
W333 Evap. clr 
00342 Evap. clr 
00342 Evap.clr 
00344 Evap.clr 
00352 Evap. clr 
00360 Evap. clr 
00364 Evap. ctr 
00364 Evap. clr 
00364 Evap. clr 
00435 Evap. clr 
00456 Evap.clr 
00460 Evap. clr 
00462 Evap. clr 
00462 Evap. clr 
00470 Evap.ck 
00470 Evap. ctr 
00470 Evap. clr 
00472 Evap.clr 
00474 Evap. clr 
W488 Evap.ck 
00486 Evap.clr 
00517 Evap.clr 
00531 Evap,ck 
00531 Evap.clr 
00537 Evap. clr 
00545 Evap.clr 
00558 Evap,clr 
00584 Evap.clr 
00585 Evap.clr 
00818 Evap.clr 
00827 Evap.clr 
00827 Evap.clr 

2 0.5 0.780 
1 0.75 0.800 
1 0.75 0.800 
1 1.5 0.865 
2 1.5 0.865 
1 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
1 1 0.865 
1 0.75 0.800 
2 0.75 0.800 
2 0.75 0.800 
4 0.75 0.800 
2 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 1.5 0.865 
1 1.5 0.865 
1 1.5 0.865 
4 0.75 0.800 
1 0.75 0.800 
2 0.75 0.800 
1 1.5 0.865 
1 0.75 0.800 
1 1.5 0.865 
1 1.5 0.865 
I 0.75 0.W 
1 0.75 0.800 
4 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 1.5 0.865 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 0.75 0.800 
1 20 0.934 
1 0.75 0.800 
3 0.75 0.800 

523 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 % 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522’ 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

352 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

1.205 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 
%3 
363 
363 
363 
363 
363 
363 
363 
363 
363 
263 
363 
363 

0 0 
0 0  
0 0 
0 0  
0 0  
0 0  
0 0 
0 0  
0 0 
0 0 
0 0  
0 0  
0 0 
0 0 
0 0  
0 0  
0 0 
0 0 
0 0 
0 0 
0 0  
0 0 
0 0 
0 0  
0 0 
0 0 
0 0  
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 
0 0 
0 0 

250 168 
365 232 
365 232 
675 429 

1.351 859 
365 232 
365 232 
730 464 
365 232 
450 286 
365 232 . 
730 464 
730 464 

1,460 929 
730 464 
730 464 
365 232 
730 464 
365 232 
730 464 
675 429 
675 429 
675 429 
365 232. 
365 232 
730 464 
675 429 
365 232 
675 429 
675 429 
365 232 
365 232 

1.460 929 
365 232 
365 232 
675 429 
365 232 
365 232 
365 232 
365 232 

8.339 5,303 
365 232 

1.095 697 

576 
254 
254 
470 
940 
254 
254 
508 
254 
313 
254 
508 
508 

1.017 
508 
508 
254 
508 
254 
508 
470 
470 
470 
254 
254 
508 
470 
254 
470 

’ 470 
254 
254 

1,017 
254 
254 
470 
254 
254 
254 
254 

5,806 
254 
763 

0 0 4 8 
0 0 3 1 
0 0 3 1 
0 0 5 3 

0 0 3 1 
0 0 3 1 
0 0 6 3 
0 0 .  3 1 
0 0 3 2 
0 0 3 1 
0 0 6 3 
0 0 6 3 
0 0 11 6 
0 0 6 3 
0 0 6 3 
0 0 3 1 
0 0 6 3 
0 0 3 1 
0 0 6 3 
0 0 5 . 3  
0 0 5 3 
0 0 5 3 
0 0 3 1 
0 0 3 1 
0 0 6 3 
0 0 5 3 
0 0 3 1 
0 0 5 3 
0 . o  5 3 
0 0 3 1 
0 0 3 1 
0 0 11 6 
0 0 . 3  1 
0 0 3 1 
0 0 5 3 
0 0 3 1 
0 0 3 1 
0 0 3 1 
0 0 3 1 
0 0 6 4  32 
0 0 3 1 
0 0 8 4 

0 0 i o  5 



Table 2.21. (contd) 

Equipment Location and Descriplion Operating Schedule Energy Consumption Energy Demand 

ERO Bldg Fac No of Motor On Peak Mid Peak Mid Peak Off Peak Off Peak On.Peak Mid-Peak MidPeak Off-peak Off-peak Summer Winter 
EEM Summer Summer Wlnler Summer Winter Summer Summer Winter Summer Winler On-Peak Mid-Peak 

ID Descript Type No Type Units HP (Eff) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 



Table 2.21. (contd) 

Annual Energy and Demand Savings 
RI Equip Labor Rebale . Mainl. Energy Demand Energy Demand Total 
or Price Cost lncenlive Cost tile Savings Savings Savings Savings Savings 

ID ROF ERO (1994s) (1994s) (1994s) (1994s) (Years) (kWh) (kWmo) (1994 s) (1994 $) (1994 S) 

Life Cycle Cost 

NW 
(1994s) SIR 

MTR-13 
MTR-370 

MTR-374 
MTR-375 

MTR-377 
MTR-379 
MTR-380 
MTR-381 

MTR-383 
MTR-384 
MTR-385 
MTR-386 
MTR-387 
MTR-388 
MTR-392 
MTR-393 
MTR-394 
MTR-396 
MTR-399 
MTR-400 
MTR-401 
MTR-402 
MTR-403 
MTR-405 
MTR-406 
MTR-407 
MTR-408 
riTR-403 
MTR-410 
MTR-411 
MTR-412 
MTR-413 
MTR-414 
MTR-415 
MTR-416 
MTR-417 
MTR-484 

MTR-371 

MTR-376 

MTR-382 

MTR-96 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

Totals: WHS 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEIA 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

266 
149 
149 
149 
149 
298 
149 
149 
298 
298 
596 
298 
298 
149 
298 
149 
298 
149 
149 
298 
149 
149 
149 
596 
149 
149 
149 
149 
149 
149 

1,263 
149, 
447 
149 
149 
149 
298 
149 
447 
266 
452 

10.596 

148 
74 
74 
74 
74 

148 
74 
74 

148 
148 
296 
148 
148 
74 

148 
74 

148 
74 
74 

148 
74 
74 
74 

296 
74 
74 
74 
74 
74 
74 

129 
74 

222 
‘ 74 

74 
74 

148 
74 

222 
148 
296 

4,865 

30 
16 
16 
16 
16 
32 
16 
16 
32 
32 
64 

.32 
32 
16 
32 
16 
32 
16 
16 
32 
16 
16 
16 
64 
16 
16 
16 
16 
16 
16 

120 
16 
48 
16 
16 
16 
32 
16 
48 
30 
0 

1,076 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
i 5  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

469 
323 

, 323 
323 
323 
646 
323 
323 
646 
646 

1,292 
646 
646 
323 

. 646 
323 
646 
323 
323 
646 
323 
323 
323 

1,292 
323 
323 
323 
323 
323 
323 

323 
969 
323 
323 
323 
646 
323 
969 

1.097 
364 

21.163 

$147 

5 
2 
2 
2 
2 
3 
2 
2 
3 
3 
6 
3 
3 
2 
3 
2 
3 
2 
2 
3 
2 
2 
2 
6 
2 
2 
2 
2 
2 
2 
6 
2 
5 
2 
2 
2 
3 
2 
5 
5 
4 

109 

43 
20 
20 
20 
20 
41 
20 
20 
41 
41 
81 
41 
41 
20 
41 
20 
41 
20 
20 
41 
20 
20 
20 
81 
20 
20 
20 
20 
20 
20 
59 
20 
60 
20 
20 
20 
41 
20 
59 
43 
47 

1,324 

40 
30 
30 
30 
30 
60 
30 
30 
60 
60 

120 
60 
60 
30 
60 
30 
60 
30 
30 
60 
30 
30 
30 

120 
30 
30 
30 
30 
30 
30 
e5 
30 
89 
30 
30 
30 
60 
30 
87 
91 
34 

1,932 

83 
50 
50 
50 
50 

101 
50 
50 

101 
101 
202 
101 
101 
50 

101 
50 

101 
50 
50 

101 
50 
50 
50 

202 
50 
50 
50 
50 
50 
50 

144 
50 

149 
50 
50 
50 

101 
50 

146 
134 
01 

3,257 

867 
580 
580 
580 
580 

1.160 
580 
580 

1.160 
1.160 
2,320 
‘1,160 
1,160 

580 
1,160 

580 
1.160 

580 
580 

1,160 
580 
580 
580 

2,320 
580 
580 
580 
580 
580 
580 
729 
584 

1.751 
584 
580 
580 

1.160 
580 

1.768 
1,769 

354 

36.270 

3.31 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
1.57 
3.82 
3.82 
3.82 
3.80 
3.80 
3.80 
3.80 
3.85 
5.61 
1.47 

3.52 



Table 2.22. Pump Energy Efficient Motor EROs 

ID 

Equipment Location and Description Operating Schedule Energy Consum lion Energy Demand 
Existing Summer Summer Wlnler Summer Winter No.01 Summer Summer Winter Summer Winter On-Peak Mid-Peak 

Bldg Fac. No. of Motor On Peak Mid Peak Mid Peak OH Peak OH Peak Months OnPeak Mid-Peak Mid-Peak OffPeak Off-Peak' Summer Winter 
Type No. Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

PMTR-18 BRKlADM 00110 DHW 
PMTR-19 BRKlADM ooo99 DHW 
PMTR-20 BRKlADM 00273 heallcool 
PMTR-21 BRKlADM 00273 hotwater 
PMTR-22 BRKlADM 00494 holwat8 
PMTR-23 BRK/ADM 00273 hotwater 
PMTR-24 BRKIADM 00273 sump 
PMTR-25 BRKIADM 00273 sump 
PMTR-26 CLINIC 00171 induction 
PMTR-27 CLINIC 00171 induction 
PMTR-28 DGR 00430 evap.clr 
PMTR-29 DGR 00308 circpump 
PMTR-30 DGR 00430 tempcontrol 
PMTR-32 DINING 00254 circ. pump 
PMTR-33 DINING 00254 circ. pump 
PMTR-34 GROCERY 00920 circ.pump 
PMTR-35 GROCERY 00920 clgtower 
PMTR-37 GROCERY 00920 desuperhbs 
PMTR-38 HOSPITL 00166 condensate 
PMTR? HOSPITL 00166 feedwler 
PMTR-40 HOSPITL 00166 holwaler 
PMTR-41 HOSPITL 00166 vacuum pump 
PMTR-42 HOSPITL 00166 vacuum pump 
PMTR-43 HOSPITL 00166 vacuum pump 
PMTR-44 HOSPITL .00166 vacuum pump 
PMTRSLI PLTBLDG 00109 circ. pump 
PMTR-65 PLT-BLDG 00253 DHW 
PMTR-66 PLT-BLDG 00253 DHW 
PMTR-67 PLT-BLDG 00253 DHWODP 
PMTR-68 PLTBLDG 00109 holwater 

PMTR-70 POOL-OT 00328 circ. pump 
PMTR-71 POOL-OT 00328 circ.pump 
PMTR-72 POOL-OT 00328 circ. pump 
PMTR-73 POOL-OT 00328 circ. pump 
PMTR-100 PUMP 00700 SewagePonds 
PMTR-101 PUMP 00700 SewagePonds 
PMTR-102 PUMP 00700 SewagePonds 
PMTR-103 PUMP 00700 SewgePonds 
PMTR-104 PUMP 00700 Sewage Plant 
PMTR-105 PUMP 00652 Well 
PMTR-106 PUMP 00636 Bicycle Well 1 
PMTR-107 PUMP 00636 Bicycle Well 2 
PMTR-108 PUMP 00652 Well13 

PMTR-69 PLT-BLDG 00263 hot water 

1 0.33 
1 0.33 
1 1.5 
1 1  
1 1.5 
1 1.5 
1 0.5 
1 0.5 
2 15 
2 15 
2 0.75 
1 5  
1 0.5 
1 0.5 
1 1.5 
2 5  
1 0.5 
1 0.5 
2 1.5 
2 3  
2 3  
1 3  
2 5  
1 7.5 
2 7.5 
1 0.5 
2 5  
1 i o  
1 i o  
1 2  
2 5  
1 0.25 
1 0.5 
1 0.25 
1 0.25 
1 40 
1 40 
1 40 
1 40 
2 25 
1 3  
1 6 0  
1 6 0  
1 6 0  

0.480 
0.480 
0.805 
0.805 
0.805 
0.805 
0.530 
0.530 
0.865 
0.865 
0.580 
0.840 
0.530 
0.530 
0.805 
0.835 
0.530 
0.530 
0.805 
0.820 
0.820 
0.820 
0.796 
0.795 
0.795 
0.530 
0.835 
0.820 
0.855 
0.795 
0.835 
0.480 
0.530 
0.480 
0.480 
0.897 
0.897 
0.897 
0.897 
0.890 
0.800 
0.865 
0.865 
0.865 

0 
0 
0 
0 
0 
0 

100 
100 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 

523 
523 
522 
523 
523 
523 
522 
523 
523 
523 
523 
523 
523 
523 
523 
523 
240 
186 
186 
21 

109 

523 

0 
0 
0 
0 
0 
0 

100 
100 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
786 
786 
786 
786 
786 
786 
786 
332 
786 
786 
786 
332 
786 
786 
706 
786 
786 
786 
786 
786 
786 
356 
276 
276 
31 

162 

1,215 
1.215 
1,215 
1.215 
1.215 
1.215 

100 
100 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 

363 
2,254 
2,254 
2,254 

363 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2.254 
1,032 
800 
800 
90 

469 

108 
108 
108 
108 
108 
108 
100 
100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,619 
1.619 
1,619 
1,619 
1.619 
1 .61 9 
1,819 

0 
0 
0 
0 
0 
0 

1,619 
1,619 
1,619 
1.61 9 
1.61 9 
1.619 
1,619 
1.619 

736 
570 
570 
64 
334 

2.846 
2.846 
2.848 
2.846 
2.846 
2,846 

100 
100 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.578 
3,578 
3.578 
3,578 
3,578 
3,578 
3.578 

0 
0 
0 
0 
0 
0 

3,578 
3,578 
3,578 
3,578 
3,578 
3.578 
3.578 
3.578 
1.636 
1.268 
1,268 

143 
743 

12 0 
12 0 
12 0 
12 0 
12 0 
12 0 
6 70 
6 70 

12 13,506 
12 13,506 
6 1,007 

12 2,318 
12 367 
12 184 
12 363 
12 4,664 
6 367 
6 367 

!2 1,454 
12 2,055 
12 2,855 
12 1,427 
12 4,901 
12 3,681 
12 7,361 
6 184 

12 4,673 
12 4,758 
12 4.563 
12 490 
12 4.673 
12 203 
12 360 
12 203 
12 203 
12 17,398 
12 17,398 
12 17,398 
12 17.398 
12 10,058 
12 520 
12 9.625 
12 1.087 
12 5.641 

0 
0 
0 
0 
0 
0 

7P 
70 

8,590 
8,590 

641 
1,474 

234 
117 
231 

2,966 
234 
234 

2,185 
4,290 
4,290 
2,145 
7,366 
5,532 

11,063 
117 

7.022 
7,151 
6,858 

312 
7.022 
305 
553 
305 
305 

26,147 
26,147 
26.147 
26.147 
14,920 

772 
14,277 
1,612 
8.368 

312 
315 
844 
563 
844 
844 
70 
70 

9,404 
9.404 

701 
1,614 

256 
128 
253 

3,247 
256 
256 

6,266 
12,304 
12.304 
6.152 

21,124 
15,863, 
31,726 

128 
20,138 
20,506 
19.666 

341 
20.138 

876 
1,586 

876 
876 

74.983 
74.983 
74.983 
74.983 
43,251 
2,237 

41,386 
4.673 

24.258 

28 730 
28 737 
75 1,978 
50 1,319 
75 1.978 
75 1,978 
70 70 
70 70 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

4,501 9,947 
8,837 19,531 
8,837 19,531 
4.419 9,765 

15,173 33,533 
11,394 25.181 
22,788 50.362 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

629 1.390 
1.139 2.518 
629 1,390 
629 1.390 

53,858 119,027 
53,858 119,027 
53.858 119.027 
53.858 119.027 
30,846 68.565 

1.596 3,547 
29,516 65,608 
3.332 7,407 

17.300 38.455 

2 
2 
6 
4 
6 
6 
2 
2 

103 
103 

8 
18 
3 
3 
6 

36 
3 
3 

11 
22 
22 
11 
37 
28 
56 
3 

36 
36 
35 
8 

36 
2 
3 
2 
2 

133 
133 
133 
133 
168 
11 

207 
207 
207 

4 
4 

11 
7 

11 
11 
2 
2 

207 
207 

4 
36 
6 
6 

11 
71 
1 
1 

22 
44 , 

44 
22 
75 
56 

113 
1 

71 
73 
70 
15 
71 
3 
6 
3 
3 

266 
266 
266 
266 
335 
22 

414 
414 
414 



Table 2.22. (contd) 

ID 

Equipment Location and Dewiption Operaling Schedule Energy Consumption Energy Dernand- 
Existing Summer Summer Wlnter Summer Winter No.of Summer Summer Winter Summer Winter OnPeak MidPeak 

Bldg Fac. No. 01 Motor On Peak Mid Peak Mid Peak Off Peak Off Peak Months OnPeak Mid-Peak MidPeak Off-Peak OffPeak Summer Winter 
Type No. Type Units HP (Err) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (Wh) (kWh) (Wh) (Wh) (kwino) (kWmo) 

PMTR-109 PUMP 
PMTR-110 PUMP 
PMTR-111 PUMP 
PMTR-112 PUMP 
PMTR-113 PUMP 
PMTR-114 PUMP 
PMTR-115 PUMP 
PMTR-116 PUMP 
PMTR-74 PUMP 
PMTR-75 PUMP 
PMTR-76 PUMP 
PMTR-77 PUMP 
PMTR-78 PUMP 
PMTR-79 PUMP 
PMTRBO PUMP 
PMTR-81 PUMP 
PMTR-82 PUMP 
PMTR-83 PUMP 
PMTR84 PUMP 
PMTR85 PUMP 
PMTR-86 PUMP 
PMTR-87 PUMP 
PMTR-88 PUMP 
PMTR-89 PUMP 
PMTR-90 PUMP 
PMTR-91 PUMP 
PMTR-92 PUMP 
PMTR-93 PUMP 

PMTR-95 PUMP 
PMTR-98 PUMP 
PMTR-97 PUMP 
PMTR-98 PUMP 
PMTR-99 PUMP 
PMTR-117 REC 
PMTR-118 REC 
PMTR-119 REC 

PMTR-94 PUMP 

00636 Well 1.6 
05996 Langford Well 1 
05997 Bicycle Well 5 
00319 Langford Well 2 
00319 Bicycle Well 4 
00663 Well #I-7 
00043 Well #I5 
00043 Langford Well 3 
00042 ROplant 
00044 ROplant 
00324 Hwcirc. 
00324 Hwcirc. 
05590 Booster#1 
05590 Booster#2 
05590 Booster#3 
00044 fe&ter 
00324 fromboilw 
18005 Boosters 
18005 Boosters 
18005 Boosters 
00324 main 
00324 pump 
00044 pump 
00044 pump 
00044 ROPlant 
00042 ROPlant 
00044 ROPlant 
00044 ROPlant 
00044 ROPlant 
00324 recirc 
00324 recirc 
00324 recirc 
00324 recirc 
00324 recirc 
o0905 condensor 
00322 recirc 
00362 reclrcDHW 

PMTR-120 WHSCLD 00862 circ.pump 
PMTR-121 WHSCLD 00862 circ.pump 
PMTR-122 WHSCLD 00862 circ.pump 

.1 60 0.865 
1 125 0.904 
1 125 0.904 
1 100 0.904 
1 100 0.904 
1 200 0.904 
1 75 0.904 
1 75 0.904 
2 3 0.820 
1 3 0.820 
1 1.5 0.795 
1 15 0.865 
1 200 0.904 
1 200 0.904 
1 200 0.904 
1 15 0.839 
1 0.5 0.530 
1 150 0.904 
1 150 0.904 
1 150 0.904 
1 20 0.840 
1 2 0.805 
2 7.5 0.845 
2 7.5 0.855 
1 15 0.865 
1 15 0.865 
1 75 0.904 
1 75 0.904 
1 75 0.904 
1 1.5 0.805 
1 2 0.805 
1 2 0.805 
1 2 0.805 
1 15 0.865 
1 0.75 0.580 
1 0.5 0.530 
1 0.5 0.530 
6 10 0.855 
3 10 0.855 
2 0.5 0.530 

205 
212 
146 
192 
196 
182 
182 
69 

180 
180 
192 
523 
66 
52 
93 

192 
523 
156 
183 
90 

192 
192 
523 
523 
240 
240 
180 
523 
523 
192 
192 
192 
192 
192 
523 
523 
523 
523 
523 
182 

304 882 629 1,398 12 
314 910 649 1,443 12 
217 630 449 998 12 
285 826 589 1,309 12 
290 841 600 1.333 12 
269 780 557 1.237 12 
269 781 557 1,238 12 
102 296 211 469 12 
267 774 552 1.227 12 
267 774 552 1,227 12 

284.8 825.6 588.8 1,309 12 
349 1.560 0 . 0 6 
98 285 203 452 12 
78 225 161 357 12 

138 399 284 632 12 
285 826 589 1,309 12 
349 1,560 0 0 6 
231 669 477 1,061 12 
272 788 562 1,249 12 
134 389 277 616 12 
285 826 589 1,309 12 
205 826 589 1,309 12 
786 2,254 1,619 3,578 12 
786 2,254 1.619 3,578 12 
356 1,032 736 1.636 12 
356 1,032 736 1,636 12 
267 774 552 1,227 12 
786 2,254 1,619 3,578 12 
786 2,254 1,619 3,578 12 
285 826 589 1,309 12 
285 826 589 1,309 12 
285 826 589 1,309 12 
285 828 589 1,309 12 
285 826 589 1,309 12 
349 1,560 0 0 12 
349 1,560 0 0 12 
349 1,560 0 0 12 
786 2,254 1,619 3,578 12 
788 2.254 1.619 3,578 12 
269 780 557 1,237 12 

10,609 
21.842 
15.102 
15.844 
16.141 
29,956 
11.241 
4.256 

983 
491 
270 

6,766 
10,942 
8.645 
15.m 
2,561 
368 

19,258 
22,675 
11,192 
3,410 

356 
6,926 
6.845 
3,105 
3.105 

11,140 
32,369 
32,369 

267 
356 
356 
356 

2,484 
505 
368 
368 

27,380 
13,690 

255 

15.737 
32,398 
22.401 
23,502 
23.943 
44,434 
16,674 
6.313 
1,457 

729 
40 1 

4.515 
16.231 
12,823 
22,694 
3,798 

246 
28.566 
33,634 
16,602 
5,059 

528 
10,409 
10,287 
4,605 
4,605 

16,525 
48.647 
48,647 

396 
528 

.528 
528 

3.684 
337 
246 
246 

41,148 
20.574 

379 

45.618 32534 72.317 
93.919 66,981 148.887 
64.937 46.311 102.942 

69,408 49.500 110,030 
128,809 91,864 204.197 
48.335 34,472 76.624 
18,299 13.051 29.009 
4,225 3,013 6,698 
2.112 1,507 3,349 
1.162 829 1.842 

20,181 0 0 
47,052 33,557 74.591 
37,174 26.511 58,930 
65.788 46,919 104,292 
11.011 7.853 17,456 
1,098 . 0 0 

82,810 59,058 131,277 
97,501 69,535 154,565 
48.128 34.324 76,295 
14,664 10,458 23.247 
1,530 1,091 2,426 

29,849 21,440 47,382 
29,500 21,189 46,828 
13.350 9,521 21,164 
13,350 9,521 21,164 
47,904 34.164 75,941 

139,504 100,202 221,448 
139,504 100,202 221,448 

1,148 818 1,819 
1,530 1,091 2,426 
1,530 1,091 2,426 
1,530 1,091 2,426 

10,680 7,617 16,931 
1,505 . 0 0 
1,098 0 0 
1.098 0 0 

117,999 84,756 187,311 
58,999 42378 93.656 

1.099 783 1,741 

68,130 48,589 108,005 

207 414 
413 825 
413 825 
330 660 
330 660 
660 1320 
248 495 
248 495 
22 44 
11 22 
6 11 
0 78 

660 1320 
660 1320 
660 1320 
53 107 
0 4 

495 990 
495 990 
495 990 
.71 142 
. 7  15 
53 106 
52 105 
52 103 
52 , 103 

248 495 
248 495 
248 495 

6 11 
7 15 
7 15 
7 15 

52 103 
4 8 
3 6 
3 6 

209 419 
105 209 

6 11 



Table 2.22. (contd) 

ID 

Equipment Location and Description Operating Schedule Enw y Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summw Summer Winter Summer Winter On-Peak Mid-Peak 

ERO Bids Fac No01 Motor On Peak Mid Peak Mid Peak Olf Peak Olf Peak OnPeak Mid-Peak MidPeak Off-peak Off-Peak Summer Winter 
Desaipt Type No Type Units HP (Err) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

PMTR-18 EEM 
PMTR-19 EEM 
PMTR-20 EEM 
PMTR-21 EEM 
PMTR-22 EEM 
PMTR-23 EEM 
PMTR-24 EEM 
PMTR-25 EEM 
PMTR-26 EEM 
PMTR-27 EEM 
PMTR-28 EEM 
PMTR-29 EEM 
PMTR30 EEM 
PMTR-32 EEM 
PMTR-33 EEM 
PMTR-34 EEM 
PMTR-35 EEM 
PMTR-37 EEM 
PMTR-38 EEM 
PMTR-39 EEM 
PMTR-40 EEM 
PMTR-41 ,EEM 
PMTR-42 EEM 
PMTR-43 EEM 
PMTR-44 EEM 

PMTR-65 EEM 
PMTR-66 EEM 
PMTR-67 EEM 
PMTR-68 EEM 
PMTR69 EEM 

PMTR-71 EEM 

PMTR-58 EEM 

PMTR-70 EEM 

PMTR-72 EEM 
PMTR-73 EEM 
PMTR-100 EEM 
PMTR-101 EEM 
PMTR-102 EEM 
PMTR-103 EEM 
PMTR-104 EEM 
PMTR-105 EEM 
PMTR-106 EEM 
PMTR-107 EEM 
PMTR-108 EEM 

BRK/ADM 
BRK/ADM 
ERKlADM 
BRKlAOM 
BRK/ADM 
BRKIADM 
BRKlADM 
BRK/AL)M 
CLINIC 
CLINIC 
DGR 
DGR 
DGR 
DINING 
DINING 
GROCERY 
GROCERY 
GROCERY 
HOSPITL 
HOSPltL 
HOSPITL 
HOSPITL 
HOSPITL 
HOSPlTL 
HOSPITL 
PLT-BLDG 
PLT-BLOG 
PLT-BLDG 

PLT-BLDG 

POOLOT 
POOLOT 
POOLOT 
POOLOT 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 

PLT-BLDG 

PLT-BLDG 

00110 DHW 
ooo99 DHW . 
00273 heaVcool 
00273 hot waler 
00494 hot water 
00273 hot water 
00273 sump 
00273 sump 
00171 induction 
00171 indudion 
00430 evap. clr 
00308 circpump 
00430 lempconbol 
00254 circ. pump 
00254 circ. pump 
o0920 circ. pump 
o0920 clglower 
o0920 desuperhlrs 
00166 condensate 
00166 leedwatec 
00166 hot water 
00166 vacuum pump 
00166 vacuum pump 
00166 vacuum pump 
00166 vacuum pump 
00109 circ. pump 
00253 DHW 
00253 DHW 
00253 DHWODP 
00109 hot water 
M)263 hot water 
00328 circ. pump 
00328 circ. pump 
00328 circ. pump 
00328 circ. pump 
00700 SewagePonds 
00700 SewagePonds 
00700 SewagePonds 
00700 SwagePonds 
00700 Swage Plant 
00652 Well 
00636 Bicycle Well 1 
00636 Bicycle Well 2 
00652 Well 13 

1 0.33 0.780 
1 0.33 0.780 
1 1.5 0.665 
1 1 0.865 
1 1.5 0,865 
1 1.5 0.865 
1 0.5 0.780 
1 0.5 0.780 
2 15 0.930 
2 15 0.930 
2 0.75 0.800 

1 0.5 0.780 
1 0.5 0.780 
1 1.5 0.865 
2 5 0.902 
1 0.5 0.780 
1 0.5 0.780 
2 1.5 0.865 
2 3 0.895 
2 3 0.895 
1 3 0.895 
2 5 0.902 
I 7.5 0.917 
2 7.5 0.917 
1 0.5 0.780 
2 5 0.902 
1 10 0.917 
1 10 0.917 
1 2 0.866 
2 5 0.902 
1 0.25 0.780 
1 8 0.5 0.780 
1 0.25 0.780 
1 0.25 0.780 
1 40 0.945 
1 40 0.945 
1 40 0.945 
1 40 0.945 
2 25 0.941 
1 3 0.895 
1 60 0.950 
1 60 0.950 
1 60 0.950 

1 , 5 0.902 

0 
0 
0 
0 
0 
0 

100 
100 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
523 
523 
523 
523 
523 
523 
523 
522 
523 
523 
523 
522 
523 
523 
523 
523 
523 
523 
523 
523 
523 
240 
186 
186 
21 

109 

0 
0 
0 
0 
0 
0 

100 
100 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
786 
786 
786 
786 
786 
786 
786 
332 
786 
786 
786 
332 
786 
786 
786 
786 
786 
786 
786 
786 
786 
356 
276 
276 
31 

1.215 
1.215 
1,215 
1,215 
1,215 
1.215 

100 
100 
363 
363 
363 
363 
363 
363 
363 
363 
363 
363 

2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 

363 
2#254 
2.254 
2,254 
363 

2,254 
2,254 
2,254 
2.254 
2*254 
2,254 
2.254 
2,254 
2,254 
1,032 
8Ml 
8Ml 
90 

108 2,846 0 0 192 
108 2,646 0 0 194 
108 2,846 0 0 786 

0 524 108 2,846 0 
108 2.846 0 0 786 
108 2,846 0 0 786 
100 100 48 48 48 
100 100 48 48 46 

0 0 12.562 7,989 8,747 
0 0 12,562 7,989 8.747 
0 0 730 464 508 
0 0 2.159 1,373 1,503 
0 0 250 159 174 
0 0 125 79 87 
0 0 338 215 235 
0 0 4,317 2,746 3,006 
0 0 250 159 174 
0 0 250 159 174 

1,619 3,578 1,353 2.034 5,832 
1,619 ' 3.578 2,616 3,931 11,273 
1,619 3.578 2,616 3,931 11,273 
1.619 3.578 1.308 1.965 5.836 
1.619 3,578 4,325 6,501 18,642 
1,619 3,578 3,191 4.796 13,753 
1.619 3,578 6,382 9,591 27,505 

0 0 125 79 87 
0 0 4.325 6,501 18.642 
0 0 4,255 6,394 18,337 
0 0 4,255 6.394 18,337 
0 0 450 286 313 
0 0 4,325 6,501 18,642 

1.619 3,576 125 188 539 
1,619 3,576 250 376 1,078 
1,619 3,578 125 188 539 
1,619 3.578 125 188 539 
1,619 3.578 16,515 24,819 71,174 

1.619 3.578 16,515 24,819 71,174 
1.619 3.578 16.515 24.819 71,174 

736 1.636 9,513 14.111 40,907 
570 1,268 465 690 2,000 
570 1.268 8,764 12.999 37.683 
64 143 989 1.468 4,255 

1,619 3.578 16,515 24.819 71,174 

17 449 
17 454 
70 1.841 
47 1,227 
70 1.841 
70 1,841 
48 46 
48 48 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

4.189 9,257 
8,097 17,894 
8,097 17.894 
4.048 8.947 

13,390 29,592 
9,878 21,831 

19,756 43,662 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

387 856 
774 1,711 
387 856 
387 856 

51,123 112,982 

51,123 112,962 
51,123 112.982 
29.174 64.849 

1,426 3.170 
26-675 59.738 
3,034 6.745 

51,123 112,982 

162 469 334 743 5,137 7.619 22.087 15,752 35.014 

1 
1 
5 
3 
5 
5 
1 
1 

96 
96 
6 

17 
2 
2 
5 

33 
2 
2 

i o  
20 
20 
10 
33 
24 
49 
2 

33 
33 
33 
7 

33 
1 
2 
1 
1 

126 
126 
126 
126 
159 
i o  

188 
188 
188 

3 
3 

10 
7 

to 
10 
1 
1 

193 
193 

3 
33 
4 
4 

10 
66 
1 
1 

21 
40 
40 
20 
66 
49 
98 

1 
66 
65 
65 
14 
66 
2 
4 
2 
2 

253 
253 
253 
253 
317 
20 

377 
377 
377 



Table 2.22. (contd) 

ID 

I Equipment Location and Desaiption Operaling Schedule Ener y Consumption Energy Demand 
EEM Summer Summer 'Wlnler Summer Winler Summer Summer Winler Summer Winter OnPeak MidPeak 

ERo . Bldg. Fac Noof Molor On Peak Mid Peak Mid Peak off Peak Off Peak OnPeak MidPeak MidPeak OffPeak Off-Peak Summa Winter 
Desuipl Type No Type Unils HP (EH) (Hours) (Hours) (Hours) (Horn) (Hours) (kWh) (kWh) (kWh) (kWh) (kwh) (kWmo) (kWmo) 

PMTR-109 EEM 
PMTR-110 EEM 
PMTR-111 EEM 
PMTR-112 EEM 
PMTR-113 EEM 
PMTR-114 EEM 
PMTR-115 EEM 
PMTR-116 EEM 
PMTR-74 EEM 
PMTR-75 EEM 
PMTR-76 EEM 
PMTR-77 EEM 
PMTR-78 EEM 
PMTR-79 EEM 
PMTRBO EEM 
PMTR-31 EEM 
PMTR-32 EEM 
PMTR-33 EEM 
PMTR-34 EEM 
PMTR-85 EEM 
PMTR-88 EEM 
PMTR-87 EEM 
PMTR-88 EEM 
PMTR-89 EEM 
PMTR-90 EEM 
PMTR-91 EEM 
PMTR-92 EEM 
PMTR-93 EEM 
PMTR-94 EEM 
PMTR-95 EEM 
PMTR-96 EEM 
PMTR-97 EEM 
PMTR-98 EEM 
PMTR-99 EEM 
PMTR-117 EEM 
PMTR-118 EEM 
PMTR-119 EEM 
PMTR-120 EEM 
PMTR-121 EEM 
PMTR-122 EEM 

PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
WMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
PUMP 
REC 
REC 
REC 
WHSGLD 
WHSCLD 
WHSGLD 

00636 Well 16 
' 05996 Langfwd Well 1 

05997 Bicycle Well 5 
00319 Langford Well 2 
00319 Bicycle Well 4 
00663 Well #I-7 
00043 Well #I-5 
00043 Langfwd Well 3 
00042 ROplanl 
00044 ROplanl 
00324 Hwcirc. 
00324 Hwcirc. 
05590 Booster#i 
05590 Booster#2 
05590 Booster#3 
00044 feedwaler 
00324 fromboiler 
18005 Boosters 
18005 Boosters 
18005 Boosters 
00324 maln 
00324 pump 
00044 pump 
00044 pump 
00044 ROPlanl 
00042 ROPlanl 
00044 ROPlanl 
00044 ROPlanl 
00044 ROPlanl 
00324 reclrc 
00324 recirc 
00324 recirc 
00324 reclrc 
00324 recirc 
00935 condensor 
00322 recirc 
00362 recircDHw 
00862 cbc.pump 
00862 circ. pump 
00862 circ.purnp 

1 60 0.950- 
1 125 0.960 
1 125 0.960 
1 100 0.958 
1 100 0.958 
1 200 0.962 
1 75 0.954 
1 75 0.954 
2 3 0.895 
1 3 0.895 
1 1.5 0.865 
1 15 0.930 
1 200 0.962 
1 200 0.962 
1 200 0.962 
1 15 0.930 
1 0.5 0.780 
1 150 0.962 
1 150 0.962 
1 150 0.962 
1 20 0.934 
1 2 0.866 
2 7.5 0.917 
2 7.5 0.917 
1 15 0.930 
1 15 0.930 
1 .75 0.954 
1 75 0.954 
1 75 0.954 
1 1.5 0.865 
1 2 0.868 
1 2 0.868 
1 2 0.866 
1 15 0.930 
1 0.75 0.800 
1 0.5 0.780 
1 0.5 0.780 
8 10 0.917 
3 10 0.917 
2 0.5 0.780 

205 
212 
146 
192 
196 
182 
182 
69 

180 
180 
192 
523 
66 
52 
93 

192 
523 
156 
183 
90 

192 
192 
523 
523 
240 
240 
180 
523 
523 
192 
192 
192 
192 
192 
523 
523 
523 
523 
523 
182 

304 882 
314 910 
217 630 
285 826 
290 841 
269 780 
269 781 
102 296 
267 774 
267 774 
285 826 
349 1,560 
98 265 
78 225 

138 399 
285 826 
349 1,560 
231 669 
272 7& 
134 389 
285 826 
285 826 
766 2.254 
786 2,254 
356 1,032 
356 1,032 
267 774 
786 2,254 
786 2,254 
285 826 
285 826 
285 826 
285 826 
285 826 
349 1,560 
349 1,560 
349 1,560 
786 2,254 
786 2.254 

629 1.398 
649 1,443 
449 998 
589 1.309 
600 1.333 
557 1.237 
557 1.238 
211 469 
552 1.227 
552 1,227 
589 1.309 

0 0  
203 452 
161 357 
284 632 
589 1.309 

0 0  
477 1,061 
562 1,249 
277 616 
589 1,309 
589 1,309 

1,619 3.578 
1,619 3,578 

736 1,636 
736 1,636 
552 1.227 

1,619 3,578 
1,619 3,578 

589 1,309 
589 1,309 
589 1,309 
589 1,309 
589 1.309 
0 0  
0 0  
0 0  

1,619 3.578 
1.619 3.578 

9,660 
20.567 
14,221 
14.951 
15,231 
28.149 
10,652 
4,033 

900 
450 
248 

6,293 
10,283 
8,124 

14,377 
2,310 

250 
18.097 
21,308 
10,518 
3.067 

331 
6,382 
6,382 
2,888 
2,888 

10,557 
30,673 
30.673 

248 
331 
331 
331 

2,310 
366 
250 
250 

25,528 
12.764 

14.329 
30.508 
21.094 
22,178 
22,593 
41,755 
1 5 . m  
5,982 
1,335 
668 
368 

4,199 
15,253 
12.050 
21,326 
3,427 

167 
26,844 
31,606 
15,601 
4.549 

9.591 
9,591 
4,283 
4.283 

15,659 
46,097 
46,097 
368 
491 
491 
491 

3,427 
244 
167 
167 

38,366 
19.183 

491. 

41.537 29,623 65.847 
88.440 63,074 140.201 
61.149 43.610 96,937 
64,290 45.850 101,917 
65.495 46.710 103.828 

121.043 86,325 191,866 
45.802 32.665 72.608 
17,340 12,367 27.489 
3,871 2,761 6,136 
1,935 1,380 3,068 
1.068 762 1,693 

18,770 0 0 
44,216 31.534 70,094 
34,932 24,913 55.377 
61.822 44,090 98,004 
9,934 7,085 15,748 

746 0 0 
77,817 55.498 123,362 
91.622 65.343 145,246 
45,226 32,254 71,695 
13,188 9.406 20,907 
1,422 1.014 2,255 

27,505 19.756 43,662 
27,505 19,756 43,662 
12,417 0,056 19,685 
12,417 8.856 19,685 
45,393 32,374 71,961 

132,192 94,951 209.842 
132,192 94.951 209,842 

1,068 762 1,693 
1,422 1,014 2,255 
1,422 1.014 2,255 
1,422 1,014 2,255 
9,934 7,085 15.748 
1.091 0 0 

746 0 0 
746 0 0 

110,021 79,026 174,647 
55.010 39.513 87.323 

269 780 557 1,237 174 257 746 532 1.183 

188 
389 
389 
31 1 
31 1 
620 
235 
235 
20 
10 
5 
0 

620 
620 
620 
48 
0 

465 
465 
465 
64 
7 

49 
49 
48 
48 

235 
235 
235 

5 
7 
7 
7 

40 
3 
2 
2 

195. 
98 

4 

377 
777 
777 
623 
623 

1241 
469 
469 
40 
20 
10 
72 

1241 
1241 
1241 

96 
3 

931 
931 
931 
128 

14 
98 
98 
96 
96 

469 
469 
469 

10 
14 
f4 . 
14 
96 
6 
4 
4 

390 
195 

8 



Table 2.22. (contd) 

Annual Energy and Demand Savings Lile Cycle Cost 
RI Equip Labor Rebale Mainl. Energy Demand Energy Demand Tolal 
of Price Cost lncenlive Cost Lile Savings Savings Savings Savings Savings NW 

ID ROF ERO (1994s) 

PMTR-18 
PMTR-19 
PMTR-24 
PMTR-25 
PMTR-26 
PMTR-27 
PMTR-28 
PMTR-29 
PMTR-30 
PMTR-32 

PMTR-35 
PMTR-34 

PMTR-37 
PMTR-38 
PMTR-39 
PMTR-40 
PMTR-41 
PMTR-42 
PMTR-43 
PMTR-44 
PMTR-56 
PMTR-50 
PMTR-65 
PMTR-66 
PMTR-67 
PMTR-69 
PMTR-70 
PMTR-71 
PMTR-72 
PMTR-73 
PMTR-100 
PMTR-101 
PMTR-102 
PMTR-103 
PMTR-104 
PMTR-105 
PMTR-106 
PMTR-107 
PMTR-108 
PMTR-109 
PMTR-110 
PMTR-111 
PMTR-112 
PMTR-113 

(1994s) (1994s) (1994b) (Y ears) (kWh) (kWmo) (1994$) (1994 $1 (1994 $) (1994s) SIR 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI RI 

RI 
R1 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
Rl 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

113 
113 
133 
133 

2.084 
2,084 

298 
478 
133 
133 
956 
133 
133 
742 
830 
830 
415 
956 
647 

1.294 
2,536 

133 
956 
780 
780 
956 
113 
133 
113 
113 

2.574 
2,574 
2.574 
2,574 
3,316 

415 
3.346 
3.346 
3.346 
3.346 
5,367 
5.367 
3.933 
3,933 

74 
74 
74 
74 

210 
210 
148 
74 
74 
74 

148 
74 
74 

148 
148 
148 
74 

148 
81 

162 
258 
74 

148 
84 
84 

140 
74 
74 
74 
74 

169 
169 
169 
169 
272 
74 

242 
242 
242 
242 
428 
420 
371 
371 

0 
0 

15 
15 

180 
180 
32 
40 
15 
15 

15 
15 
36 
70 
70 
35 
80 
60 

120 
240 

15 
80 
70 
70 
80 
0 

15 
0 
0 

200 
200 
200 
200 
270 
35 

270 
270 
270 
270 
450 
450 
320 
320 

80‘ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

411 
415 
113 
113 

2,202 
2,202 

646 
372 
275 
137 
808 
275 
‘275 

1,689 
4.07 
4.07 
2.003 
9.648 
8.202 

16.404 
1.551 

137 
2.364 
3,429 
2,102 
2,364 
1,309 
1,976 
1,309 
1,309 

14.802 
14,802 
14,802 
14.802 
9,086 

921 
14,353 
1,620 
8.412 

15,820 
21,235 
14.682 
14.885 
15.164 

2 
2 
1 
1 

22 
22 

3 
4 
3 
3 
8 
1 
1 
2 
5 
5 
3 

13 
11 
22 
15 
1 
8 

12 
7 
0 
2 
3 
2 
2 

20 
20 
20 
20 
27 
4 
56 
56 
56 
56 
72 
72 
56 
56 

21 
21 
8 
8 

176 
176 
60 
29’ 
26 
13 
65 
26 
26 
78 

196 
196 
98 
500 
433 
866 
126 
13 

159 
247 
139 
159 
73 

110 
73 
73 

642 
642 
642 
642 
403 
47 

721 
81 

422 
794 
969 
670 
672 
685 

19 
19 
22 
14 

146 
146 
41 
24 
21 
21 
54 
17 
17 
15 
38 
38 
19 
97 
84 

169 
170 
17 
54 
84 
47 
54 
14 
21 
14 
14 

125 
125 
125 
125 
172 
26 
396 
396 
396 
396 
468 
460 
358 
358 

. 39 
40 
30 
22 

323 
323 
101 
54 
47 
34 

119 
43 
43 
94 

234 
234 
117 
598 
517 

1,035 
296 
30 

213 
332 
186 
213 
87 

131 
87 
87 

767 
767 
767 
767 
574 
73 

1,117 
470 
819 

1.191 
1.438 
1.139 
1,030 
1,043 

425 3.27 
432 3.31 
251 2.31 
107 1.56 

2,645 2.25 
2,645 2.25 
1.160 3.80 

219 1.43 
544 3.83 
323 2.68 
639 1.62 
475 3.47 
475 347 
434 1.51 

2,772 4.05 
2,772 4.05 
1,386 4.05 
8.882 9.67 
7,988 12.96 

15,977 12.96 
1,582 1.62 

254 2.32 
2,257 3.20 
4,597 6.79 
2.090 3.63 
2,257 3.20 
1,251 7.69 
1.991 11.37 
1.251 7.69 
1.251 7.69 
9,679 4.81 
9,679 4.01 
9,679 4.81 
9,679 4.01 
5,308 2.60 

623 2.37 
14,628 5.41 
3,619 2.09 
9,492 3.86 

15.897 5.79 
17,228 4.22 
12,077 3.26 
12.170 4.05 
12.387 4.11 



Table 2.22. (contd) 

ID 

Life Cycle cost Annual Energy and Demand Savings 
RI Equip Labor Rebale Mainl. Energy Demand Energy Demand Tolal 
01 Price Cos1 Incentive Cos1 Life Savings Savings Savings Savings Savings NPV 

ROF ERO (1994s) (1994$) (1994s) (1994s) (Y ears) (kWh) (kWmo) (1994f) (1994$) (1994 $) (1994$) SIR 
PMTR-114 
PMTR-115 
PMTR-116 
PMTR-74 
PMTR-75 
PMTR-77 
PMTR-78 
PMTR-79 

' PMTR-80 
PMTR-81 
PMTR-82 
PMTR-83 
PMTR-84 
PMTR-85 
PMTR-86 
PMTR-88 
PMTR-89 
PMTR-90 
PMTR-91 
PMTR-92 
PMTR-93 
PMTR-94 
PMTR.99 
PMTR-117 
PMTR-118 
PMTR-119 
PMTR-120 
PMTR-121 
PMTR-I22 

RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 
RI 

Tolals: Pumps 

EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 
EEM 

8,592 
3.346 
3,346 

830 
415 

1.042 
8.592 
8.592 
8.592 
1.042 

133 
6,801 
6,801 
6,801 
1,268 
1,294 
1,294 
1,042 
1,042 
3,346 
3,346 
3,346 
1,042 

149 
133 
133 

4,680 
2,340 

266 

154,908 

582 
242 
242 
148 
74 

105 
582 
582 
582 
105 
74 

479 
479 
479 
129 
162 
162 
105 
105 
242 
242 
242 
105 
74 
74 
74 

504 
252 
148 

14,346 

550 
270 
270 
70 
35 
90 

550 
550 
550 
90 
15 

500 
500 
500 
120 
120 
120 
90 
90 

270 
270 
270 
90 
16 
15 
15 

420 
210 
30 

12,054 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

30.101 
9.819 
3.7 17 
1,372 
686 

2.199 
10,996 
8.687 

15.374 
4,176 

549 
19,352 
22,785 
1 1,247 
5,720 
9,108 
7,752 
3,617 
3,617 
9,731 

28,416 
28,416 
2,893 

645 
549 
549 

31,006 
15.503 
1,365 

537,385 

119 
39 
39 
5 
3 
5 

.I19 
119 
119 
16 
1 
93 
90 
90 
21 
12 
11 
11 
11 
39 
39 
39 
11 
3 
3 
3 

42 
21 
5 

1,913 

1.388 
432 
164 
67 
34 

156 
436 
401 
709 
212 

892 
1.051 

519 
292 
442 
363 
172 
172 
428 

1,250 
1,250 

137 
53 
46 
46 

1,454 
727 
76 

46 . 

25.642 1 

782 2.170 
244 676 
244 407 
38 105 
19 53 
14 170 

673 * 1,109 
782 1.183 
782 1.491 
113 325 

4 50 
587 1,479 
587 1,637 
587 1,105 
156 448 
86 529 
71 434 
73 245 
73 245 

244 672 
244 1,494 
244 1,494 
73 211 
25 78 
21 67 
21 67 

283 1,737 
142 868 
43 119 

12.705 38,347 

25,521 
7.036 
2,410 

551 
276 

1.464 
9,759 
8.516 

13,826 
4.141 

586 
15,910 
18,636 
9.474 
5,949 
7.257 
5,634 
2,762 
2,762 
6,970 

21,124 
21.124 
2,171 
1,059 

885 
. 885 
23,238 
11.619 
1,508 

444,531 

3.96 
3.12 
1.73 
1.61 
1.61 
2 39 
2.13 
1.99 
2.60 
4.92 
4.05 
3.35 
3.75 
2.40 
5.66 
6.43 
5.22 
3.61 
3.61 
3.10 
7.37 
7.37 
3.05 
6.12 
5.61 
5.61 
5.88 
5.88 
4.93 

3.83 



Table 2.23. Building VSD EROs 

Equipment Location and Description Operating Schedule Energy Consumption 
Existing Summer Summer Wlnler Summer Winter No. of Summer Summer Winter Summer Winter 

ID Type No. Type Units HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (kWh) (kWh) (kWh) 
Bldg Fac. No. 01 Molw On Peak Mid Peak Mid Peak 011 Peak OM Peak Months On-Peak MidPeak Mid-Peak OH-Peak Off-peak 

t3 
c-, w 
0 

Energy Demand 
On-Peak Mid-Peak 
Summer Winter 
(kWmo) (kWmo) 

MTR418a ADMIN 00281 AHU 
MTR422a ADMIN 989 RTU 
MTR423a ADMlN 00988 AHU 
MTR426a ADMIN 00988 RTU 
MTR427a ADMIN 00988 RTU 
MTR430a ADMIN 00988 RTU 
MTR-51a ADMlN 00243 FCU 
MTR-52a ADMlN 00828 FCU 
MTRS5a ADMlN 00988 AHU 
MTR433a BRKlADM 00273 AHU 
MTR435a BRKlADM 00275 AHU 
MTR40a CLINIC 00171 cond. 
MTR436a CLINIC 00171 return 
MTR437a CLINIC 00171 AHU 
MTR438a CLINIC 00171 evap 
MTR-522a DGR 00308 6650clm 
MTRS23a DGR 00308 6650clm 
MTRS24a DGR 00308 
MTRS25a DGR 00308 
MTR443a DINING 00254 AHU 
MTR444a DINING 00254 AHU 
MTR451a HOSPITL 00166 AHU-2 
MTR452a HOSPITL 00166 AHU-1 
MTR453a HOSPITL 00166, AHU-4 
MTR454a HOSPITL 00166 AHU-3 
MTR455a HOSPITL 00166 AHU 
MTR458a MWR 01313 indrlan 
MTR459a MWR 01313 indrlan 
MTR45a MWR 01322 N C  
MTR463a MWR 01322 NCheat 
MTR465a MWR 01322 NCsupply 
MTR467a MWR 01322 _,RTU 1 
MTR466a MWR 01322 RTU3 
MTR470a MWR 01322 AICheal 
MTR471a MW.R 01322 RTU1 
MTR472a h.IWR 01322 RTU2 
MTR473a MWR 01322 RTU3 
MTR34a REC o0905 
MTR35a REC oO905 
MTR478a REC o0905 NCAHU 
MTR479a REC o0905 NCAHU 
MTR-480a REC o0905 NCAHU 
MTR-50a WHSCLD 00862 60.6 tons 

1 1.5 80.5% 
2 3 82.0% 
2 7.5 85.5% 
2 3 82.0% 
1 1.5 80.5% 
2 3 82.0% 
1 1 80.5% 
1 1 80.5% 
3 5 83.5% 
2 3 82.0% 
2 3 82.0% 
6 1.5 80.5% 
1 7.5 85.5% 
1 15 83.6% 
1 25 89.0% 
1 3 82.0% 
1 3 82.0% 
1 5 83.5% 
1 1.5 80.5% 
6 2 80.5% 
4 3 82.0% 
1 15 86.5% 
1 i o  85.5% 
1 7.5 82.0% 
1 20 88.2% 
2 2 80.5% 
1 1.5 80.5% 
1 1 80.5% 
1 1.5 80.5% 
1 2 80.5% 
1 2 80.5% 
1 3 82.0% 
1 2 80.5% 
1 2 80.5% 
1 2 80.5% 
1 2 80.5% 
1 2 80.5% 
1 30 89.0% 
1 35 89.0% 
1 3 82.0% 
1 3 82.0% 
1 3 82.0% 
2 5 83.5% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

0 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
'523 
523 

0 
523 
523 
523 
523 
523 
523 
523 
523 
522 
522 
523 
523 
523 

0 

332 
332 
332 
332 
332 
332 
332 
332 
332 
747 
747 

0 
349 
349 
349 
349 
349 
349 
349 
349 
349 
786 
786 
786 
786 
786 
786 
786 

0 
786 
786 
786 
786 
786 
786 
786 
786 
332 
332 
349 
349 
349 
0 

363 
363 
363 
363 
363 
363 
363 
363 
363 
525 
525 

1,215 
1,560 
1,560 
1,560 
1,560 
1,560 
1,560 
1.560 
1,560 
1,560 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
1,215 
2,254 
2,254 
2,254 
2,254 
2,254 . 
2,254 
2,254 
2.254 
1.740 
1,740 
1.560 
1.560 
1 . m  
1,215 

12 726 
12 2,849 
12 6.832 
12 2.849 
12 726 
12 2,849 
6 242 
6 242 
6 6,595 

12 2,849 
12 2.849 
12 0 
12 3.422 
12 7 . m  
12 10,959 
12 1,427 
12 1.427 
12 2.336 
12 727 
12 5,816 
12 5,710 
12 6,766 
12 4.563 
12 3,569 
12 8.847 
12 1,939 
12 727 
12 485 
6 0 

12 969 
12 969 
12 1,427 
12 969 
12 969 
12 969 
12 969 
12 969 
12 6.563 
12 7.657 
6 1.427 
6 1.427 
6 1,427 
6 0 

462 
1,812 
4,345 
1,812 

462 
1,812 

154 
154 

4,449 
4,078 
4.078 

0 
2.284 
4,671 
7,313 

953 
953 

1,559 
485 

3,881 
3.810 

10,168 
6.858 
5,363 

13,296 
2.914 
1.093 

728 
0 

1,457 
1.457 
2,145 
1,457 
1,457 
1,457 
1.457 
1,457 
4,174 
4,870 

953 
953 
953 

0 

505 
1,984 
4,757 
1.984 

505 
1#'984 

168 
168 

4.871 
2,866 
2,866 
5,067 

10,208 
20,881 
32,690 
4,258 
4,258 
6.969 
2,168 

17.348 
17.031 
29,159 
19,666 
15.379 
38.129 
8,355 
3,133 
2,089 

844 
4,178 
4,178 
6.152 
4,178 
4,178 . 
4,178 
4,178 
4.178 

21.877 
25,523 
4.258 
4,258 
4,258 
5.427 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 11,868 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

20,944 46,286 
14,126 31,219 
11,047 24,413 
27.387 60.526 
6.001 13,263 

0 0 
0 0 
0 1,978 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1.358 39.140 
1,584 45,663 

0 0 
0 0 
0 0 
0 12.713 

6 
22 
52 
22 
6 

22 
4 
4 

54 
22 
22 
33 
26 
54 
84 
11 
11 
18 
6 

44 
44 
52 
35 
27 
68 
15 
6 
4 
6 
7 
7 

11 
7 
7 
7 
7 
7 

101 
117 
11 
11 
11 
36 

11 
44 

105 
44 
11 
44 
2 
2 

27 
44 
44 
67 
52 

107 
168 
22 
22 
36 
11 
89 
87 

103 
70 
55 

135 
30 
11 
7 
3 

15 
15 
22 
15 
15 
15 
15 
15 

201 
235 

5 
5 
5 

18 



ID 

EEM only: 
MTR418a EEM 
MTR422a EEM 
MTR423a EEM 
MTR426a EEM 
MTR427a EEM 
MTR430a EEM 
MTRSla EEM 
MTRS2a EEM 
MTRS5a EEM 
MTR433a EEM 
MTR435a EEM 
MTR40a EEM 
MTR436a EEM 
MTR437a EEM 
MTR438a EEM 
MTRS22a EEM 
MTRS23a EEM 
MTRS24a EEM 
MTRS25a EEM 
MTR443a EEM 
MTR444a EEM 
MTR451a EEM 
MTR452a EEM 
MTR453a EEM 
MTR454a EEM 
MTR455a EEM 
'MTR458a EEM 
MTR459a EEM 
MTR45a EEM 
K T R 4 3 a  EEi6 
MTR465a EEM 
MTR467a EEM 
MTR468a EEM 
MTR470a EEM 
MTR471a EEM 
MTR472a EEM 
MTR473a EEM 
MTR-34a EEM 
MTR-35a EEM 
MTR478a EEM 
MTR479a EEM 
MTR480a EEM 
MTR-50a EEM 

Equipmen! Location and Desaipfion Operaling Schedule Energy Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter OnPeak MidPeak 

ERO Bldg Fac No01 Molor On Peak MidPeak MidPeak GffPeak Gff Peak OnPeak MidPeak Mid-Peak OffPeak Gff-Peak Summer Winter 
Desaipl Type No Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) (kwh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kw-mo) 

ADMlN 00281 AHU 
ADMIN 00988 RTU 
ADMlN 00988 AHU 
ADMlN MI988 RTU 
ADMIN 00988 RTU 
ADMlN 00988 RTU 
ADMlN 00213 FCU 
ADMIN 00828 FCU . 
ADMlN 00988 AHU 
BRKlADM 00273 AHU 
BRKlADM .@I275 AHU 
CLINIC 00171 cond. 
CLINIC 00171 return 
CLINIC 00171 AHU 
CLINIC 00171 evap 
DGR 00308 6650cfm 
DGR 00308 6650clm 
DGR 00308 
DGR 00308 

DINING 00254 AHU 
DINING 00254 AHU , 

HOSPITL 00166 AHU-2 
HOSPITL 00166 AHU-1 
HOSPITL 00166 AHU4 
HOSPITL 00166 A H U 3  
HOSPITL 00166 AHU 
MWR 01313 indrfan 
MWR 01313 indrlan 
MWR 01322 N C  
iviVJR 01322 NCheal 
MWR 01322 NCsupply 
MWR 01322 RTU1 
MWR 01322 RTU3 
MWR 01322 NCheat 
MWR 01322 RTUI 
MWR 01322 RTU2 
MWR 01322 RTU3 
REC o0905 
REC oO905 
REC o0905 NCAHU 
REC o0905 NCAHU 
REC o0905 NCAHU 
WHSCLD 00862 60.61ons 

1 1.5 86.5% 
2 3 89.5% 
2 7.5 91.7% 
2 3 89.5% 
1 1.5 86.5% 
2 3 89.5% 
1 1 86.5% 
1 .1 86.5% 
3 5 90.2% 
2 3 89.5% 
2 3 89.5% 
6 1.5 86.5% 
1 7.5 91.7% 
1 15 93.0% 
1 25 94.1% 
1 3 89.5% 
1 3 89.5% 
1. 5 90.2% 
1 1.5 86.5% 
6 2 86.6% 
4 3 89.5% 
1 15 93.0% 
1 10 91.7% 
1 7.5 91.7% 
1 20 93.4% 
2 2 86.6% 
1 1.5 86.5% 
1 1 86.5% 
1 1.5 86.5% 
1 2 66.6% 
1 2 86.6% 
1 3 89.5% 
1 2 86.6% 
1 2 86.6% 
1 2 86.6% 
1 2 86.6% 
1 2 86.6% 
1 30 94.1% 
1 35 94.1% 
1 3 89.5% 
1 3 89.5% 
1 3 89.5% 
2 5 90.2% 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

0 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
- 0  
523 
523 
523 
523 
523 
523 
523 
523 
522 
522 
523 
523 
523 
0 

332 363 
332 363 

332 363 
332 363 
332 363 
332 363 
332 363 
332 363 
747 525 
747 525 

0 1.215 
349 1.560 
349 1,560 
349 1,560 
349 1,560 
349 1.560 
349 1.560 
349 1.560 
349 1,560 
349 i,560 
786 2,254 
786 2,254 
786 2.254 
786 2,254 
786 2,254 
786 2,254 
786 2,254 

0 1,215 
786 2,254 
786 2,254 
786 2,254 
786 2,254 
786 2,254 
706 2,254 
786 2,254 
786 2,254 
332 1.740 
332 1,740 
349 1,560 
349 . 1,560 
349 1,560 

0 4.215 

332 , 363 

0 0 675 
0 0 2,611 
0 0 6.370 
0 0 2.611 
0 0 675 

0 0 225 
0 0 225 
0 0 6.476 
0 0 2.611 
0 0 2,611 
0 2,846 0 
0 0 3,191 
0 0 6.293 
0 0 10.366 
0 0 1,308 
0 0 1,308 
0 0 2,163 
0 0 677 
0 0 5,406 
0 '  0 5,231 

1,619 3.578 6.293 
1,619 3,578 4,255 
1,619 3,578 3,191 
1.619 3,578 8,355 
1,619 3,578 1,802 

0 0 677 
0 0 451 
0 2.846 0 
0 0 901 
0 0 901 
0 0 1,308 
0 0 901 
0 0 901 
0 0 901 
0 0 901 
0 0 901 

108 3,113 6,207 
108 3,113 7,242 

0 0 1.308 
0 0 1,308 
0 0 1,308 
0 2.846 0 

0 * 0 2.611 

429 
1.660 
4,051 
1,660 

429 
1,660 

143 
143 

4,119 
3,736 
3,736 

0 
2,129 
4,199 
6.917 

873 
873 

1.443 
451 

3,608 
3,491 
9.457 
6,394 
4,796 

12.556 
2,708 
1,017 

678 
0 

1,354 
1.354 
1,965 
1,354 
1,354 
1,354 
1,354 
1,354 
3,948 
4.606 

873 
873 
873 

0 

470 
1.818 
4.435 
1.818 

470 
1,818 

157 
157 

4,509 
2,626 
2,626 
4,715 
9,518 

18,770 
30,918 
3.901 
3,901 
6.451 
2.0 18 

16.126 
15,603 
27,121 
18,337 
13,753 
36.006 
7.767 
2,916 
1,944 

786 
3,883 
3,883 
5,636 
3,883 
3,883 
3.883 
3.883 
3.883 

20.691 
24.140 
3,901 
3.901 
3,901 
5,024 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19,480 
13,171 
9,878 

25,862 
5,579 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,284 
1,498 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1,045 
0 
0 
0 
0 
0 
0 
0 
0 
0 

43.051 
29,108 
21,831 
57.156 
12,329 

0 
0 

1,841 
0 
0 
0 
0 

. o  
0 

' 0  
0 

37.019 
43.180 

0 
0 
0 

11.769 

5 
20 
49 
20 
5 
20 
3 
3 

50 
20 
20 
31 
24 
48 
79 
10 
10 
17 
5 

41 
40 
48 
33 
24 
64 
14 
5 
3 
5 
7 
7 

10 
7 
7 
7 
7 
7 

95 
111 
i o  
10 
10 
33 

10 
40 
98 
40 
10 
40 
2 
2 

25 
40 
40 
62 
49 
96 

159 
20 
20 
33 
i o  
83 
80 
96 
65 
49 

128 
28 

, 10 
7 
3 

14 
14 
20 
14 
14 
14 
14 
14 

i90 
222 

5 
5 
5 

17 



Table 2.23. '(contd) 

ID 

Equipment Localion and Description Operaling Schedule Ener yConsum lion Energy Demand 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winter Summer Winler On-Peak Mid-Peak 

ERO Bldg Fac No of Molor On Peak Mid Peak Mid Peak Off Peak 011 Peak On-Peak MidPeak Mid-Peak Off-peak OffPeak Summw Winler 
Descripl Type No Type Units HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

VSD lo existi 
MTR418b 
MTR422b 
MTR423b 
MTR426b 
MTR427b 
MTR430b 
MTRSlb 
MTR-52b 
MTR-55b 
MTR-433b 
MTR435b 
MTR40b 
MTR436b 
MTR437b 
MTR438b 
MTRS22b 
MTRS23b 
MTRS24b 
MTRS25b 
MTR443b 
MTR444b 
MTR451b 
MTR452b 
MTR453b 
MTR454b 
MTR455b 
MTR458b 
MTR459b 
MTR45b 
MTR463b 
MTR465b 
MTR467b 
MTR468b 
MTR470b 
MTR471b 
MTR472b 
MTR473b 
MTR34b 
MTR-35b 
MTR478b 
MTR479b 
MTR480b 
MTRSOb 

ng molor: 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 
VSD only 

ADMlN 00281 AHU 
ADMlN 00988 RTU 
ADMlN 00988 AHU 
ADMlN 00988 RTU 
ADMlN 00988 RTU 
ADMlN 00988 RTU 
ADMlN 00243 FCU 
ADMlN 00828 FCU 
ADMlN 00988 AHU 
BRKlADM 00273 AHU 
BRKlADM 00275 AHU 
CLINIC 00171 wnd. 
CLINIC 00171 relurn 
CLINIC 00171 AHU 
CLINIC 00171 evap 
DGR 00308 665ocfm 
DGR 00308 665ocfm 
DGR 00308 
DGR 00308 
DINING 00254 AHU 
DINING 00254 AHU 
HOSPITL 00166 AHU-2 
HOSPITL 00166 AHU-1 
HOSPITL 00166 AHU4 

HOSPITL 00166 AHU 
MWR 01313 indrfan 
MWR 01313 lndrfan 
MWR 01322 N C  
MWR 01322 NCheal 
MWR 01322 NCsupply 
MWR 01322 RTU1 
MWR 01322 RTU3 
MWR 01322 NCheal 
MWR 01322 RTU1 
MWR 01322 RTU2 
MWR 01322 RTU3 
REC oO905 
REC O0905 
REC o0905 ACAHU 
REC O0905 AlcAHu 
REC oO905 NCAHU 
WHSGLD 00862 60.61ons 

HOSPITL 00166 AHU-3 

1 1.5 86.5% 
2 3 89.5% 
2 7.5 91.7% 
2 3 89.5% 
1 1.5 86.5% 
2 3 89.5% 
1 1 86.5% 
1 1 66.5% 
3 5 90.2% 
2 3 89.5% 
2 3 69.5% 
6 1.5 86.5% 
1 7.5 91.7% 
1 15 93.0% 
1 25 94.1% 
1 3 89.5% 
1 3 89.5% 
1 5 90.2% 
1 1.5 66.5% 
6 2 66.6% 
4 3 69.5% 
1 15 93.0% 
1 i o  91.7% 
1 7.5 91.7% 
1 20 93.4% 
2 2 86.6% 
1 1.5 86.5% 
1 1 86.5% 
1 1.5 86.5% 
1 2 86.6% 
1 2 86.6% 
1 3 89.5% 
1 2 86.6% 
1 2 86.6% 
1 2 86.W 
1 2 86.6% 
1 2 86.6% 
1 30 94.1% 
1 35 94.1% 
1 3 89.5% 
1 3 89.5% 
1 3 89.5% 
2 5 90.2% 

522 332 
522 332 
522 332 
522 332 
522 332 
522 332 
522 332 
522 332 
522 332 
522 747 
522 747 

0 0 
523 349 
523 349 
523 349 
523 349 
523 349 
523 349 
523 349 
523 349 
523 349 
523 '  786 
523 786 
523 786 
523 786 
523 786 
523 786 
523 786 

0 0 
523 706 
523 786 
523 786 
523 786 
523 706 
523 786 
523 786 
523 706 
522 332 
522 332 
523 349 
523 349 
523 349 
0 0 

363 
363 
363 
363 
363 
363 
363 
363 
363 
525 
525 

1,215 
1,560 
1.560 
1.560 
1,560 
1,560 
1.560 
1.560 
1.560 
1.560 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
1,215 
2,254 
2,254 
2.254 
2,254 
2,254 
2,254 
2,254 
2.254 
1,740 
1,740 
1 ,560 
1.560 
1.560 
1.215 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0 
0 2.846 
0 0 
0 0  
0 0 
0 0  
0 0  
0 0  
0 0  
0 0 
0 0 

1,619 3,578 
1.619 3,578 
1,619 3,578 
1,619 3.578 
1,619 3.578 

0 0 '  
0 0  
0 2.846 
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0 

108 3,113 
108 3.113 

0 0  
0 0  
0 0 
0 2.846 

210 
826 

1.981 
626 
210 
826 
70 
70 

2,029 
826 
826 

0 
993 

2,030 
3,178 

714 
714 

1,168 
364 

1,687 
1,656 
1 ,m 
1,323 
1,035 
2,566 

562 
21 1 
141 

0 
281 
281 
414 
281 
281 
281 
281 
281 

3.828 
414 
414 
414 
0 

3.202 

134 
526 

1,260 
526 
134 
526 
45 
45 

1.290 
1,182 
1.182 

0 
662 

1,355 
2,121 

476 
476 
760 
243 

1,126 
1.105 
2,949 
1,989 
1,555 
3,656 

845 
317' 
21 1 

0 
422 
422 
622 
422 
422 
422 
422 
422 

2.087 
2.435 

276 
276 
276 

0 

147 
575 

1,379 
575 
147 
575 
49 
49 

1.413 
831 
83 1 

2,533 
2.960 
6,055 
9,480 
2,129 
2.129 
3,484 
1,084 
5.031 
4,939 
8.456 
5,703 
4,460 

1 1,057 
2,423 

909 
606 
422 

1,212 
1,212 
1.784 
1.212 
1,212 
1,212 
1,212 
1.212 

10.939 
12.762 
1.235 
1,235 
1.235 
2,714 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 5,934 
0 0 
0 0 
0 0 
0 0 
0 0 

. o  0 
0 0 
0 0 
0 0 

6.074 13,423 
4,097 9,053 
3,204 7,080 
7,942 17,552 
1,740 3.846 

0 0 
0 0 
0 969 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

679 19.570 
792 22.832 

0 0 
0 0 
0 0 
0 6.357 

6 
22 
52 
22 
6 

22 
4 
4 

54 
22 
22 
33 

' 26 
54 
04 
11 
11 
18 
6 

44 
44 
52 
35 
27 
68 
15 
6 
4 
6 
7 
7 

11 
7 
7 
7 
7 
7 

101 
117 
11 
11 
11 
36 

11 
44 

105 
44 
11 
44 
2 
2 

27 
44 
44 
67 
52 

107 
168 
n 
22 
36 
11 
89 
87 

103 
70 
55 

135 
30 
11 
7 
3 

15 
15 
22 
15 
15 
15 
15 
15 

201 
235 

5 
5 
5 

18 



Table 2.23. (contd) 

ID 

Equipment Location and Desaiplion Operating Schedule Ener y Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter OnPeak MidPeak 

ERO Bldg Fac No of Motw On Peak Mid Peak Mid Peak OH Peak ofl Peak On-Peak Mid-Peak Mid-Peak OHPeak OffPeak Summer Winter 
Descript Type No Type Units HP (Efl) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kwino) (kWmo) 

d EEM: 
VSD8EEM ADMlN 00281 AHU 
VSD8EEM ADMlN 00988 RTU' 
VSD&EEM AOMlN &I988 AHU 
VSD8EEM ADMlN 00988 RTU 
VSD8EEM ADMlN 00988 RTU 
VSD8EEM ADMlN 00988 RTU 
VSD&EEM ADMlN 00243 FCU 
VSD8EEM ADMlN 00828 FCU 
VSD8EEM ADMlN 00988 AHU 
VSD8EEM BRKlADM 00273 AHU 
VSD8EEM BRKlADM 00275 AHU 
VSD8EEM CLINIC 00171 cond. 
VSD&EEM CLINIC 00171 return 
VSD8EEM CLINIC 00171 AHU 
VSD8EEM CLINIC 00171 evap 
VSD8EEM DGR 00308 ,6650dm 
VSD 8 EEM DGR 00308 6650cfm 
VSD&EEM DGR 00308 , 

VSD8EEM DGR 00308 
VSD8EEM DINING 00254 kU 
VSD8EEM DINING 00254 AHU 
VSD&EEM HOSPITL 00166 AHU-2 
VSD&EEM HOSPITL 00166 MU-1 
VSD8EEM HOSPITL 00166 AHU-4 
VSD&EEM HOSPITL 00166 AHU-3 
VSD&EEM HOSPITL 00166 AHU 
VSD8EEM MWR 01313 indrfan 
VSD8EEM MWR 01313 indrfan 
VSD8EEM MWR 01322 N C  
VSD&EEivi KvVR 01322 NCheei 
VSD&EEM MWR 01322 NCsupply . 
VSD8EEM MWR 01322 RTU1 
VSD8EEM MWR 01322 RTU3 
VSD&EEM W R  01322 NCheal 
VSDBEEM MWR 01322 RTU1 
VSD&EEM MWR 01322 RTU2 
VSD8EEM MWR 01322 RTU3 
VSD&EEM REC o0905 
VSD8EEM REC o0905 
VSD 8 EEM REC o0905 N C  AHU 
VSD 8 EEM REC o0905 N C  AHU 
VSD 8 EEM REC oO905 N C  AHU 
VSD 8 EEM WHSCLD 00862 60.61ons 

, 

1 1.5 86.5% 
2 3 89.5% 
2 7.5 91.7% 
2 3 89.5% 
1 1.5 86.5% 
2 3 89.5% 
1 1 86.5% 
1 1 86.5% 
3 5 90.2% 
2 3 89.5% 
2 3. 89.5% 
6 1.5 86.5% 
1 7.5 91.7% 
1 15 93.0% 
1 25 94.1% 
1 3 89.5% 
1 3 89.5% 
1 5 90.2% 
1 1.5 86.5% 
6 2 86.6% 
4 3 89.5% 
1 15 93.00? 
1 10 91.7% 
1 7.5 91.7% 
1 20 93.4% 
2 2 86.6% 
1 1.5 86.5% 
1 1 86.5% 
1 1.5 86.5% 
1 2 66.6% 
1 2 86.60m 
1 3 89.5% 
1 2 86.6% 
1 2 86.6% 
1 2 86.6?h 
1 2 86.6% 
1 2 86.6% 
1 30 94.1% 
1 35 94.1% 
1 3 89.5% 

1 3 89.5% 
2 5 90.2% 

1 3 89;5% 

P 
c, w w 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

0 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 
523 

0 
523 
523 
523 
523 
523 
523 
523 
523 
522 
522 
523 
523 
523 
0 

332 
332 
332 
332 
332 
332 
332 
332 
332 
747 
747 

0 
349 
349 
349 
349 
349 
349 
349 
349 
349 
786 
786 
786 
786 
786 
786 
786 

0 
766 
786 
786 
788 
786 
786 
786 
786 
332 
332 
349 
349 
349 
0 

363 
363 
363 
363 
363 
363 
363 
363 
363 
525 
525 

1,215 
1,560 
1,560 
1.560 
1 ,%o 
1,560 
1,560 
1.560 
1.560 
1,560 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
1,215 
2.254 
2.254 
2,254 
2,254 
2,254 
2,254 
2,254 
2,254 
1.740 
1,740 
1,560 
1,560 
1 ,560 
1.215 

0 0 457 
0 0 1,766 
0 0 4.308 
0 0 1,766 
0. 0 457 
0 0 1,766 
0 0 152 
0 0 152 
0 0 4,380 
0 0 2,602 
0 0 2,602 
0 2.846 7,880 
0 0 ' 4.303 
0 0 8.486 
0 0 13,978 
0 0 3,041 
0 0 3,041 
0 0 5,028 
0 0 1,573 
0 0 7,291 
0 0 7.054 

1.619 3.578 30,567 
1.619 3.578 20,667 
1,619 3,578 15,500 
1,619 3,578 40,581' 
1.619 3,578 8,754 

0 0 1,337 
0 0 891 
0 2,846 1,313 
0 0 1,760 
0 0 1,780 
'0 0 2,584 
0 0 1,780 
0 0 1,780 
0 0 1,780 
0 0 1,780 
0 0 1,780 

108 3.113 34.575 
108 3.113 40,337 

0 0 1,764 
0 0 1,764 
0 0 1,764 
0 2,846 8.397 

196 
757 

1,847 
757 
196 
757 
65 
65 

1,878 
757 
757 

0 
925 

1,825 
3,006 

654 
654 

1.081 
330 

1.568 
,1,517 
1,825 
1,234 

925 
2.423 

523 
196 
131 

0 

261 
379 
261 
261 
261 
261 
261 

3,104 
3,621 

379 
379 
379 

0 

-,.A 
LO I 

125 
482 

1.175 
482 
125 
482 
42 
42 

1.194 
1,083 
1,083 

0 
618 

1,218 
2,@33 

436 
436 
722 
226 

1,046 
1,012 
2,743 
1,854 
1,391 
3.641 

785 
295 
197 
0 
393 
393 
570 
393 
393 
393 
393 
393 

1,974 
2,303 

253 
253 
253 

0 

136 
527 

1.286 
527 
136 
527 
45 
45 

1.308 
761 
761 

2,358 
2,760 
5,443 
8,966 
1,950 
1,950 
3.225 
1.009 
4.677 
4,525 
7.865 
5,318 
3,988 

10,442 
2,252 

846 
564 
393 

1,126 
1,126 
1,635 
1.126 
1,126 
1,126 
1,126 
1.126 

10,346 
12,070 
1,131 
1.131 
1,131 
2,512 

0 5 i o  
0 20 40 
0 49 98 
0 20 40 
0 5 10 
0 20 40 
0 3 2 
0 3 2 
0 50 25 
0 20 40 
0 20 40 
0 31 62 
0 24 49 
0 48 96 
0 79 . 159 
0 10 I 20 
0 10 20 
0 17 33 
0 5 10 

0 40 60 
5,649 48 96 
3,820 33 65 
2,865 24 49 
7.500 64 128 
1.618 14 28 

0 5 10 
0 3 7 
0 5 3 
0 7 14 
0 7 14 
0 10 20 
0 7 14 
0 7 14 
0 7 14 
0 7 14 
0 7 14 

642 95 190 
749 111 222 

0 10 5 
0 10 5 
0 10 5 
0 33 17 

0 41 83 . 



Table 2.23. (contd) 

VSD Economic Parameters 
VSD I Additionall Additionall Rebate 

MTR422a 
MTR423a 
MTR426a 
MTR43Ga 
MTR-55a 
MTR433a 
MTR435a 
MTR436a 
MTR437a 
MTR-438a 
MTRS22a 
MTR-523a 
MTR-524a 
MTR444a 
MTR463a 
MTR465a 
MTR467a 
MTR468a 
MTR470a 
MTR471a 
MTR472a 
MTR473a 
MTR478a 
MTR479a 
MTR480a 
MTRSOa 
MTR451c 
MTR452c 
MTR453c 
MTR454c 
MTR455c 
MTR34c 
MTR-35c 

Totals: 

Annual Energy and Demand Savings I Life Cycle Cost 
Enerav I Demand1 Enerov I Demand1 Total I I RI 

U 
ROF 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD&EEM 

EEM Economic Parameters 
Equip Laba Rebate Mainl. 
Price Cos1 Incentive Cos1 

(1994 $) (1994$) (1994$) (1994 $1 ERO 

EEM 
VSD&EEM 8.559 827 730 0 

Price 
(1994$) 

830 
1,294 
830 
830 

1.434 
830 
830 
647 

1,042 
1,658 

415 
415 
478 

1,6M 
442 
442 
415 
442 
442 
442 
442 
442 
415 
415 
415 
956 

1.042 
780 
647 

1,268 
884 

1,969 
1,969 

18.903 

-, ". 
Cost O&M Incentive Life Savings Savings Savings Savings Savings N W  

(1994$) (1994$) (1994$) (Years) (kWh) (kWmo) (1994s) (1994$) (1994$) (19948) SIR 

148 
162 
148 
148 
222 
148 
148 
81 

105 
136 
74 
74 
74 

296 
74 
74 
74 
74 
74 

74 
74 
74 
74 
74 

148 
105 
84 
81 

129 
148 
140 
140 

2.926 

, 74 

70 0 
120 0 
70 0 
70 0 

120 0 
70 0 
70 0 
6 0 0  
9 0 0  

135 0 
35 0 
35 0 
40 0 

140 0 
2 0 0  
2 0 0  
35 0 
20 0 
2 0 0  
2 0 0  
2 0 0  
2 0 0  
35 0 
35 0 
35 0 
8 0 0  
9 0 0  
70 0 
6 0 0  

120 0 
40 0 

175 0 
175 0 

1.485 0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

, NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2,769 
2,168 
1,600 
3,481 
2.376 
4,645 
4,645 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

' NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

36.000 
24.000 
18,000 
48,000 
9,600 

100 
100 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
i o  
i o  
i o  
i o  
20 
10 
10 

NA 

NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 
NA 15 

1,085 15 
734 15 
550 15 

1,441 15 
311 15 
864 15 

1,008 15 

NA 

557 
1,077 

557 
557 

821 
821 

1,076 
3,290 
2,762 

556 
556 
807 

2,225 
465 
465 
815 
465 
465 
465 
465 
465 
556 
556 
556 

1,347 
82,756 
55.766 
44,271 

107,604 
23.718 
38.537 
44.960 

23,961 

1,212 

5 
11 
5 
5 
6 
5 
5 
5 

16 
14 
3 
3 
4 

11 
2 
2 
3 
2 
2 
2 
2 
2 
1 
1 
1 
4 

11 
7 
9 

11 
3 

16 
19 

121 

46 
85 
46 
46 

101 
61 
61 
75 

251 
183 
39 
39 
55 

163 
31 
31 
56 
31 
31 
31 
31 
31 
41 
41 
41 
58 

4,859 
3,273 
2,597 
6,319 
1,390 
2,397 
2.796 

1.702 

38 
71 
38 
38 
68 
38 
38 
35 

118 
86 
18 
18 
26 
76 
10 
i o  
19 
i o  
i o  
10 
10 
10 
16 
16 
16 
44 
73 
47 
63 
72 
21 

103 
120 

891 

84 186 1.20 
156 842 1.63 
84 186 1.20 
84 186 1.20 

170 686 1.45 
99 443 149 
99 443 1.49 

111 985 2.47 
368 4,888 5.62 
269- 2,333 2.41 
58 394 1.87 
57 392 1.86 
81 735 2.44 

239 1,588 1.87 
41 15 1.03 
41 15 1.03 
75 664 2.46 
41 15 1.03 
41 , 15 1.03 
41 15 1.03 
41 15 1.03 
41 15 1.03 
56 335 1.74 
56 335 1.74 
56 335 1.74 

102 344 1.34 
4,932 28,576 1.74 
3.320 18,999 1.72 
2,660 17,118 1.87 
6,391 35.397 1.69 
1,411 5,955 1.47 
2.500 35.113 7.04 
2.917 42,432 8.48 

2,592 16.496 1.81 

! 

21,684 135.800 80 5.993 397,613 76 23.632 499 24.131 183,591 2.15 



Table 2.24. Pump Variable Speed Drive EROs 

ID 

Energy Consumption Energy Demand 
Exisling Summer Summer Wlnler Summer Winler No.of Summer Summer Winter Summer Winter OnPeak MidPeak 

Blbg Fac. No. of Mota On Peak Mid Peak Mid Peak OH Peak OH Peak Months OnPeak MidPeak MidPeak OfWeak OffPeak Summer Winter 
T p 3  NO. -Type Units HP (EH) (Hours) '(Hours) (Hours) (Hours) (Hours) OnPeak (kWh) (kWh) (M) (kWh) (kWh) (kWmo) (kWmo) 

Equipment Location and Desaiption Operating Schedule 

PMTRBa ADMlN W281 hotwtr 
PMTR-Sa ADMlN 00281 hotwtr 
PMTR-?a ADMlN 00985 hieff 
PMTR-3a AOMlN 00988 chilledwtr 
PMTR-2a ADMlN po988 chilledwtr 
PMTR-la ADMlN 00988 imp 
PMTR-la ADMlN 00988 coolingiw 

, PMTR-5a ADMlN 00988 cwlinghw 
PMTR-Ga ADMlN 00988 cwlinghw 
PMTR-11a BRKlADM ooo99 chilledwtr 
PMTR-14a BRKlADM ooo99 chilledwtr 
PMTR40a BRKlADM 001 10 chilled wtr 
PMTR-16a BRKlAOM 00273 cooling iw 
PMTR-17a BRKlADM 00273 cooling hw 
PMTR-15a BRKlADM 00273 cooling iw 
PMTR-12a BRKlADM 00273 chilledwtr 
PMTR-13a BRKlADM 00273 chilled wtr 
PMTR31a DINING 00254 chilledwtr 
PMTR-36a GROCERY 0920 coolingiw 
PMTR47a MTRPOOL 00857 chillerwtr 
PMTR45a MTRPOOL 00873 chillerwtr ' 

PMTR-46a MTRPOOL 00873 chillerwtr 
PMTR-Gla PLT-BLDG 00109 coolinghw 
PMTRSla PLT-BLDG 00109 chilledwtr 
PMTRSGa PLT-BLDG 00253 chiller 
PMTRS7a PLT-BLDG 00253 chiller, centri. 
PMTRS4a PLT-BLDG 00253 chiller 
PMTRS5a PLT-BLDG 00253 chiller 
PMTR-59a PLT-BLDG 00253 cooling hw 
PMTR-SOa PLT-BLDG 00263 975 galhnln 
PMTRS2a PLT-BLDG 00263 chilledwtr 
PMTR-48a PLT-BLDG 00263 imp 
PMTR49a PLT-BLDG 00263 690gaVmin 
PMTRb3a PLT-BLDG 00263 chilledwaler 
PMTRGa PLT-BLDG 00263 CWP 
PMTR.GOa PLT-BLDG 00263 coolinghw 
PMTRB4a PLT-BLDG 00263 CWPheal 
PMTR63a PLT-BLDG 00263 CWPheal 

1 1 0.805 522 
1 1 0.805 522 
2 5 0.835 522 
1 5 0.790 522 
1 3 0.749 522 
1 1 0.805 522 
1 3 0.749 522 
1 10 0.855 522 
1' 20 0.855 522 
1 2 0.805 522 
1 2 0.805 522 
1 1 0.805 522 
2 15 0.865 522 
2 15 0.865 522 
1 15 0.865 522 
1 7.5 0.855 522 
1 7.5 0.850 522 
2 7.5 0.855 522 
2 1 0.805 522 
1 2 0.820 522 
3 1.5 0.805 522 

2 5 0.835 522 
1 3 0.820 522 
2 20 0.865 522 
2 7.5 0.855 522 
2 7.5 0.855 ' 522 
2 20 0.865 522 
2 15 0.865 522 
1 7.5 0.855 522 
1 7.5 0.820 522 
2 7.5 0.855 522 
1 3 0.820 522 
1 25 0.855 522 
1.z  2 0.805 522 
1 25 0.855 522 
1 5 0.835 522 
1 5 0.835 522 

4 1.5 0.805 5 3  

332 
332 
332 
332 
332 
332 
332 
332 
332 . 
747 

,747. 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332, 
332 
332 
332 
332 
332 
332 

363 0. .o 
3 6 3 0  0 
363 0 0 
363 0 0 
363 0 0 
363 0 0 
3 6 3 0  0 
363 0 .o  
363 0 0 
525 0 0 
525 0 0 
525 0 0 
525 0 0 
525 0 0 
525 0 0 
525 0 0 
525 0 0 
363 0 0 
363 0 0 
363 0 . o  
363 0 0 
363 0 0 
363 0 0 
363 0 0 
3 6 3 0  0 
363 0 0 
3 6 3 0  0 
363 0 0 '  
363 0 0 
363 0 0 
363 ' 0  0 
363 0 0 
363 0 0 
363 0 0 
363 0 0 

363 0 0 
363 0 0 

363 0 0 

12 404 308 
12 404 308 
6 4,664 2,966 
6 2,465 1,568 
6 1.560 992 
6 484 308 
6 1,560 992 
6 4.555 2,897 
6 9.109 5,793 
6 484 692 
6 404 692 
6 242 346 
6 6,753 9.664 
6 6,753 9.664 
6 3,376 4.832 
6 1,708 2,444 
6 1,718 2,459 

12 3,416 2,173 
6 967 615 
6 475 302 
6 1,088 692 
6 1,451 923 
6 2332 1,483 
6 712 453 
6 9,004 5.727 
6 3,416 2,173 
6 3,416 2,173 
6 9.004 5,727 
6 6,753 4,295 
6 1,708 1,086 
6 1,781 1,133 
6 3,416 2.173 
6 712 453 
6 5,693 3,621 
6 484 308 
6 5,693 3,621 
6 1,166 742 
6 1.166 742 

337 
337 

3.247 
1,716 
1,086 

337 
1.086 
3,171 
6,343 

487 
487 
243 

6.792 
6,792 
3,396 
1,718 
1,728 
2378 

674 
331 
758 

1,010 
1,624 

496 
6,269 
2,378 
2,378 
6,269 
4,702 
1,189 
1,240 
2378 

496 
3,964 

337 
3,964 

812 
a12 

0 11 4 7 
0 11 4 7 
0 54. 36 18 
0 28 19 9 
0 18 12 6 
0 6 4 2 
0 18 12 6 

35 17 0 52 
0 105 70 35 
0 11 7 4 

7 4 0 11 
0 6 4 2 
0 155 103 52 
0 155 103 52 

52 26 0 78 
0 39 26 13 
0 39 26 13 . 
0 157 52 105 

7 4 0 11 
0 .it 7 4 
0 25 17 8 
0 33 22 11 
0 54 36 18 
0 16 11 5 
0 207 138 69 

52 26 0 79 
0 79 52 2 f ;  

138 69 0 207 
103 52 0 155 

0 39 26 13 
0 41 27 14 
0 . 7 9 '  52 26 

11 5 0 16 
87 44 0 131 

0 t i  7 4 
87 44 0 131 

0 27 18 9 
18 9 0 27 



Table 2.24. (contd) 

ID 

Equipment Location and Description Operating Schedule Energy ConsumDtion Energy Demand 
EEM Summer Summer Wlnler Summer Winter Summer Summer Winter Summer Winter On-Peak Mid-Peak 

ERO Bldg Fac No of Motor On Peak Mid Peak Mid Peak Off Peak Off Peak on-Peak MidPeak Mid-Peak Off-peak OffPeak Summer Winter 
Desaipt Type No Type Units HP (Em (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (kWh) (kWmo) (kWmo) 

EEM only: 
PMTR4a EEM 
PMTR-Sa EEM 
PMTR-7a EEM 
PMTR3a EEM 
PMTR-2a EEM 
PMTR-la EEM 
PMTR4a EEM 

.PMTR-5a EEM 
PMTR-Ga EEM 
PMTR-11a EEM 
PMTR-14a EEM 
PMTR-1Oa EEM 
PMTR-16a EEM 
PMTR-17a EEM 
PMTR45a EEM 
PMTR-12a EEM 
PMTR-13a EEM 
PMTR31a EEM 
PMTR36a EEM 
PMTR47a EEM 
PMTR45a EEM 
PMTR46a EEM 
PMTR-Gla EEM 
PMTRSla EEM 
PMTR-%a EEM 
PMTR-57a EEM 
PMTR-54a EEM 
PMTR-55a EEM 
PMTRS9a EEM 
PMTR-50a EEM 
PMTRS2a EEM 
PMTR48a EEM 
PMTR49a EEM 
PMTR-53a EEM 
PMTR-62a EEM 
PMTR-GOa EEM 
PMTRda EEM 
PMTR63a EEM 

ADMIN 00281 hotwtr 
ADMIN 00281 hotvdr 
ADMIN 00985 hieff 
ADMlN 00988 chilledMr 
ADMlN 00988 chilledwtr 
ADMlN 00988 imp 
ADMlN 00988 coolingtwr 
ADMIN 00988 coolinghw 
ADMIN 00988 cwlinghw 
BRKlADM ooo99 chilledvdr 
BRKlADM ooo99 chilledwtr 
BRKlADM 00110 chilledwtr 
BRKlADM 00273 coolingtwr 
BRKlADM 00273 cooling hw 
BRWADM 00273 coolingtwr 
BRWADM 00273 chilledwtr 
BRKlADM 00273 chilledwtr 
DINING 00254 chilledwtr 
GROCERY 00920 cooling hw 
MTRPOOL 00857 chillerwb 
MTRPOOL 00873 chillerwtr 
MTRPOOL 00873 chillerMr 
PLT-BLDG 00109 cooling hw 
PLT-BLDG 00109 chilled& 
PLT-BLDG 00253 chiller 
PLT-BLDG 00253 chiller, centri 
PLT-BLDG 00253 chiller 
PLT-BLDG 00253 chiller 
PLT-BLDG 00253 cooling hw 
PLT-BLDG 00263 975 galhnin 
PLT-BLDG 00263 chilledwtr 
PLT-BLDG 00263 imp 
PLT-BLDG 00263 690 g a h i n  
PLT-BLDG 00263 chilled water 

PLT-BLDG 00263 coolinghy 
PLT-BLDG 00263 CWPheal 
PLT-BLDG 00263 CWPheat 

PLT-BLDG 00263 CWP 

1 1 0.865 
1 1 0.865 
2 5 0.902 
1 5 0.902 
1 3 0.895 
1 1 0.865 
1 3 0.895 
1 10 0.917 
1 20 0.934 
1 2 0.866 
1 2 0.866 
1 1 0.865 
2 15 0.930 
2 15 0.930 
1 15 0.930 
1 7.5 0.917 
1 7.5 0.917 
2 7.5 0.917 
2 1 0.865 
1 2 0.866 
3 1.5 0.865 
4 1.5 0.865 
2 5 0.902 
1 3 0.895 
2 . 20 0.934 
2 7.5 0.917 
2 7.5 0.917 
2 20 0.934 
2 15 0.930 
1 7.5 0.917 
1 7.5 0.917 
2 7.5 0.917 
1 3 0.895 
1 25 0.941 
1 2 0.866 
1 25 0.941 
1 5 0.902 
1 5 0.902 

522 
522 
522 
522 
522 
522 
522 
522 
522 
5?2 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
747 
747 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

363 0 
3 6 3 0  
3 6 3 0  
363 0 
363 0 
3 6 3 0  
3 6 3 0  
363 0 
3 6 3 0  
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
363 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
363 0 
363 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  

3 6 3 0  
3 6 3 0  

3 w o  

0 450 
0 450 
0 4.317 
0 2.159 
0 1,305 
0 450 
0 1,305 
0 4,247 
0 8,339 
0 450 
0 450 
0 225 
0 6.281 
0 6,281 
0 3,140 
0 1,592 
0 1,592 
0 3,185 
0 9 0 0  
0 450 
0 1,013 
0 1.351 
0 2.159 
0 653 
0 8,339 

'0 3,185 
0 8,339 
0 6,281 
0 1,592 
0 1,592 
0 3,185 
0 653 
0 5.173 
0 450 
0 5.173 
0 1.079 
0 1,079 

0 3,185 

286 
286 

2,746 
1,373 
830 
286 
830 

2,701 
5,303 

643 
643 
322 

8,988 
8,988 
4,494 
2,279 
2,279 
2,026 

573 
286 
644 
859 

1,373 
415 

5.303 
2,026 
2,026 
5,303 
3,995 
1,013 
1,013, 
2,026 

415 
3,290 

286 
3,290 
686 
686 

313 
313 

3,006 
1,503 

909 
313 
909 

2,957 
5,806 

452 
452 
226 

6.317 
6.317 
3.158 
1.602 

' 1.602 
2,218 

627 
313 
705 
940 

1,503 
454 

5,806 
2,218 
2,218 
5,806 
4,373 
1.109 
1,109 
2,218 

454 
3,602 

313 
3.602 

752 
752 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
3 

33 
17 
to 
3 

10 
33 
64 
7 
7 
3 

96 
96 
48 
24 
24 
49 
7 
7 

16 
21 
33 
i o  

128 
49 
49 

128 
96 
24 
24 
49 
i o  
79 
7 

79 
17 
17 

7 
7 

17 
8 
5 
2 
5 

16 
32 
3 
3 
2 

48 
48 
24 
12 
12 
98 
3 
3 
8 

i o  
17 
5 

64 
24 
24 
64 
48 
12 
12 
24 
5 

40 
3 

40 
8 
8 



Table 2.24. (contd) 

ID 

Equipmenl Location and Description Operating Schedule Energy Consumption Energy Demand 
EEM Summer Summer Wlnter Summer Winter Summer Summer Winter Summer Winter OnPeak MidPeak 

ERO Bldg Fac Noof Motor OnPeak MidPeak MidPeak OffPeak OffPeak,OnPeak MidPeak MidPeak OffPeak OffPeak Summer Winter 
Desc~ipt Type No Type Units HP (EH) (Hours) (Hours) (Hours) (Hours) (Hours) (Wh) (kwh) (kWh) (Wh) (kwh) (kWmo) (kWmo) 

VSD to existing motor: 
PMTR4b VSD only 
PMTR-Sb VSD only 
PMTR-7b VSD only 
PMTR3b VSD only 
PMTR-2b VSD only 
PMTR-lb VSD only 
PMTR4b . VSD only 
PMTR-% VSD only 
PMTR-Gb VSD only 
PMTR-11 b VSD only 
PMTR-14b VSD only 
PMTR-1Ob VSD only 
PMTR-16b VSD only 
PMTR-17b VSD only 
PMTR-15b VSD only 

PMTR-13b VSD only 
PMlR31b VSD only 
PMTR36b VSD only 
PMTR47b VSD only 
PMTR45b VSD only 
PMTR46b VSD only 
PMTR-Gib VSD only 
PMTRSlb VSD only 
PMTRSGb VSD only 
PMTRS7b VSD only 
PMTR4b VSD only 
PMTRS5b VSD only 
PMTRSSb VSD only 
PMTR-Xb VSD only 
PMTR-52b VSD only 
PMTR48b VSD only 
PMTR49b VSD only 
PMTR-53b VSD only 
.PMTR.62b VSD only 
PMTRGIX, VSD only 
PMTRdb VSD only 
PMTR-63b VSD only 

PMTR42b VSD only 

ADMlN 00281 hotwtr 
ADMlN 00281 hotwtr 
ADMIN 00985 hieH 
ADMlN 00988 chilledwtr 
ADMlN 00988 chilledwtr 
ADMlN 00988 imp 
ADMlN 00988 coolinghw 
ADMlN 00988 coolinghw 
ADMIN 00988 coolinghw 
BRWADM ooo99 chilledwtr 
BRK/ADM ooo99 chilledwtr 
BRKlADM 00110 chilledwtr 
BRKlADM 00273 cool ingh 
BRKlADM 00273 coolinghw 
BRK/ADM 00273 coolinghw 
BRWADM 00273 chilledwfr 
BRWADM 00273 chilledwfr 
DINING 00254 chilledwtr 
GROCERY o0920 cooling hw 
MTRPOOL 00857 chillecwtr 
MTRPOOL 00873 chillerwtr 
MTRPOOL 00873 chillecwtr 
PLT-BLDG 00109 coolinghw 
PLT-BLDG 00109 chilledwtr 

PLT-BLDG 00253 chillw, cenbi. 
PLT-BLDG 00253 chiller 
PLT-BLDG 00253 chillec 
PLT-BLDG 00253 coolinghw 
PLT-BLDG 00263 975 gaVmin 
PLT-BLDG 00263 chilledwtr 
PLT-BLDG 00263 imp 
PLT-BLDG 00263 690gaWmin 
PLT-BLDG 00263 chilledwater 
PLT-BLDG 00263 CWP 
PLT-BLDG 00263 coolinghw' 
PLT-BLDG 00263 CWPheal 
PLT-BLDG 00263 CWPhqal 

PLT-BLDG 00253 chiller 

1 10.805 
1 10.805 
2 5 0.835 
1 5 0.790 
1 3 0.749 
1 10.805 
1 3 0.749 
1 to 0.855 
1 20 0.855 
1 2 0.805 
1 2 0.805 
1 1 0.805 
2 15 0.865 
2 15 0.865 
1 15 0.865 
1 7.5 0.855 
1 7.5 0.850 
2 7.5 0.855 
2 10.805 
1 2 0.820 
3 1.5 0.805 
4 1.5 0.805 
2 5 0.835 
1 ' 3 0.820 
2 20 0.865 
2 7.5 0.855 
2 7.5 0.855 
2 20 0.865 
2 15 0.865 
1 7.5 0.855 
1 7.5 0.820 
2 7.5 0.855 
1 3 0.820 
1 25 0.855 
1 2 0.805 
1 25 0.855 
1 5 0.835 
1 5 0.835 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
'522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
747 
747 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

3 6 3 0  
363 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
363 0 
363 0 
3 6 3 0  
3 6 3 0  
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
3 6 3 0  

3 6 3 0  
3 6 3 0  
3 6 3 0  
363 ' 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
333 ' 0  
3 6 3 0  
363 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  

3 6 3 . 0  

0 140 
0 140 
0 1,352 
0 715 
0 452 
0 140 
0 452 
0 1,321 
0 2,642 
0 140 
0 140 
0 70 
0 1,958 
0 1,958 
0 979 
0 495 
0 498 
0 991 
0 281 
0 138 
0 316 
0 421 
0 676 
0 207 
0 2,611 
0 991 
0 991 
0 2,611 
0 1,958 
0 495 
0 516 
0 991 
0 207 
0 1,651 
0 140 
0 1,651 
0 338 
0 . 338 

89 
89 

860 
455 
268 
89 

288 
840 
,680 
201 
201 
100 

2,802 
2,802 
1,401 

709 
713 
630 
178 
68 

201 
268 
430 
131 

1,661 
630 
630 

1,661 
1,246 

315 
328 
630 
131 

1,050 
89 

1,050 
215 
215 

98 0 
98 0 

942 0 
498 0 
315 0 
98 0 

315 0 
9 2 0 0  

1,839 0 
141 0 
141 0 
71 0 

1,970 0 
1,970 0 

985 0 
498 0 
501 0 
6 9 0 0  
195 0 
9 6 0  
2 2 0 0  
293 0 
471 0 
144 0 

1,818 0 
6 9 0 0  
690 0 

1.818 0 
1,364 0 

3 5  0 
3 6 0 0  
6 9 0 0  
144 0 

1,150 0 
98 0 

1,150 0 
235 0 
235 0 

0 
0 
0 
0 
0 
0 
'0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
4 

36 
19 
12 
4 

12 
35 
70 
7 
7 
4 

103 
103 
52 
26 
26 
52 
7 
7 

17 
22 
36 
11 

138 
52 
52 

138 
103 
28 
27 
52 
11 
87 
7 

07 
18 
18 

7 
7 

18 
9 
6 
2 
6 

17 
35 
4 
4 '  
2 

52 
52 
26 
13 
13 

105 
4 
4 
8 

11 
18 
5 
69 
26 
26 
69 
52 
13 
14 
26 
5 

44 
4 

4 4  
9 
9 



Table 2.24. (contd) 

ID 

Equipmenl Localion and Descriplion Operaling Schedule Energy Consum lion Energy Demand 
EEM Summer Summer Wlnler Summer Winler Summer Summer Winler Summer Winler On-Peak Mid-Peak 

ERO El@ Fac No01 Mola On Peak MidPeak Mid Peak OflPeak Off Peak OnPeak Mid-Peak MidPeak OffPeak Oll-Peak Summer Winler 
Descripl Type No Type Unils HP (Elf) (Hours) (Hours) (Hours) (Hours) (Hours) (kWh) (kWh) (kWh) (kWh) (Wh) (kwino) (kWmo) 

VSD and EEM: 
PMTRBc VSD8EEM ADMlN 00281 holwlr 
PMTR-9c VSD8EEM ADMlN 00281 holwtr 
PMTR-7c VSD8EEM ADMlN 00985 hiefl 
PMTR3c VSD8EEM ADMlN 00988 chilledwtr 
PMTR-2c VSD8EEM ADMlN 00988 chilledwtr 

PMTR4c VSD&EEM ADMlN 00988 coolinghw 
PMTR-5c VSD&EEM ADMIN 00988 coolinghw 
PMTR-Gc VSD8EEM ADMIN 00988 coolinghw 
PMTR-llc VSD 8 EEM BRKlADM OOO99 chilledwtr 
PMTR-14c VSD 8 EEM BRK/ADM OOO99 chilledwtr 
PMTR-lOc VSD 8 EEM BRKlADM 00110 chilledwtr 
PMTR-16c VSD 8 EEM BRKlADM 00273 cooling hw 
PMTR-17c VSD 8 EEM BRKlADM 00273 cooling hw 
PMTR-15c VSD 8 EEM BRKlADM 00273 cooling hw 
PMTR-12c VSD 8 EEM BRKlADM 00273 chilledwtr 
PMTR13c VSD 8 EEM BRKlADM 00273 chilledwtr 
PMTR3lc VSD 8 EEM DINING 00254 chilled wtr 
PMTR-36c VSD8EEM GROCERY O0920 coolinghw 
PMTR47c VSD 8 EEM MTRPOOL 00857 chiller wlr 
PMTR45c VSD&EEM MTRPOOL 00873 chillerwtr 
PMTR46c VSD 8 EEM MTRPOOL 00873 chillerwtr 
PMTR41c VSD 8 EEM PLTBLDG 00109 cooling hw 
PMTRSlc VSD 8 EEM PLTBLDG 00109 chilledwtr 
PMTR-56c VSD8EEM PLTBLDG 00253 chiller 
PMTR-57c VSD 8 EEM PLTBLDG 00253 chiller, cenlri. 
PMTR-54c VSD & EEM PLTBLDG 00253 chiller 
PMTRS5c VSD8EEM PLTBLDG 00253 chiller 
PMTRSSc VSD&EEM PLTBLDG 00253 cwlinghw 
PMTR-50c VSD 8 EEM PLTBLDG 00263 975 gaVmin 
PMTRS2c VSD 8 EEM PLTBLDG 00263 chilledwtr 
PMTR48c VSD&EEM PLTBLDG 00263 imp 
PMTR4Sc VSD8EEM PLTBLDG 00263 690gaVmin 
PMTR-53c VSD & EEM PLTBLOG 00263 chilledwaler 
PMTR62c VSD&EEM PLTBLDG 00263 CWP 
PMTRJjOc VSD8EEM PLTBLDG 00263 coolinghw 
PMTR-64c VSD&EEM PLTBLDG OM63 W h e a l  
PMTR43c VSD8EEM PLTBLDG 00263 W h e a l  

PMTR-lC VSD8EEM ADMlN 00988 hnp 

1 1 0.865 
1 1 0.865 
2 5 0.902 
1 5 0.902 
1 3 0.895 
1 1 0.865 
1 3 0.895 
1 10 0.917 
1 20 0.934 
1 2 0.866 
1 2 0.866 
1 1 0.865 
2 15 0.930 
2 15 0.930 
1 15 0.930 
1 7.5 0.917 
1 7.5 0.917 
2 7.5 0.917 
2 1 0.865 
1 2 0.866 
3 1.5 0.865 
4 1.5 0.865 
2 5 0.902 
1 3 0.895 
2 20 0.934 
2 7.5 0.917 
2 7.5 0.917 
2 20 0.934 
2 15 0.930 
1 7.5 0.917 
1 7.5 0.917 
2 7.5 0.917 
1 3 0.895 
1 25 0.941 
1 2 0.866 
1 25 0.941 
1 5 0.902 
1 5 0.902 

522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

332 
332 
332 
332 
332 
332 
332 
332 
332 
747 
747 
747 
747 
747 
747 
747 
747 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

363 0 
363 0 
363 0 
363 0 
363 0 
363 0 
363 0 
363 0 
363 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
525 0 
363 0 
363 0 
3 6 3 0  
363, 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
363 0 
a 0  
363 0 
3 6 3 0  
3 6 3 0  
3 6 3 0  
3 6 3 0  
363 0 
3 6 3 0  
363 0 
3 6 3 0  
3 6 3 0  
363 0 
363 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

131 
131 

1,252 
626 
379 
131 
379 

1.232 
2,418 

130 
130 
65 

1,821 
1.821 

91 1 
462 
462 
924 
261 
130 
294 
392 
626 
189 

2,418 
924 
924 

2,418 
1.821 

462 
462 
924 
189 

1,500 
130 

1.500 
313 
313 

83 
83 

796 
398 
24 1 
83 

24 1 
783 

1,538 
187 
187 
93 

2,607 
2,607 
1,303 

661 
661 
587 
166 
83 

187 
249 
398 
120 

1,538 
587 
587 

1,538 
1,158 

294 
294 
587 
120 
954 
83 

954 
199 
199 

91 
91 

872 
436 
264 
91 

264 
857 

1.684 
131 
131 
66 

1.832 
1,832 

916 
464 
464 
643 
182 
91 
205 
273 
436 
132 

1,684 
643 
643 

1 ,a 
1.268 

322 
322 
643 
132 

1,045 
91 

1.045 
218 
218 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 '0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 '  
0 0 
0 0 

3 7 
3 7 

33 17 
I 7  8 
10 5 
3 2 

i o  5 
33 16 
64 32 
7 3 
7 3 
3 2 

96 48 
96 48 
48 24 
24 12 
24 12 
49 98 
7 3 
7 3 

16 8 
21 10 
33 17 
i o  5 

128 64 
49 24 
49 24 

128 64 
96 48 ' 

24 12 
24 12 
49 24 
10 5 
79 40 
7 3 

79 40 
17 8 
17 8 



Table 2.24. (contd) 

EEM Economic Parameters VSD Economic Parameters 
RI Equip Labor Rebate Mainl. VSD Additional Additional Rebate Energy Demand Energy Demand Total 
or Rice Cost Incentive Cosl Price Cost O&M Incentive Life Savings Savings Savings Savings Savings 

Annual Energy and Demand Savings 
. 

Life Cycle Cost 

NPV 
ID ROF ERO (1994b) (1994s) (1994b) (1994b) 

PMTR-2a ' 
PMTR-12a 

PMTR-3 1 a 
PMTRS2a 

' PMTRS3a 
PMTR-55a 
PMTR3c 
PMTR4c 

PMTR-Gc 

PMTR-1% 

PMTR-5c 

PMTR-~c 
PMTR-15c 
PMTR-1Gc 
Ph4TR-17~ 
PMTRSSc 
PMTR& 
PMTR-Glc 

(1994$) (1994s) (1994b) (1994b) (Years) (kWh) (kWmo) (1994s) (1994b) (19946) (1994b) SIR 

RI EEM 
RI EEM 
RI EEM 
RI EEM 
RI EEM 
Rt EEM 
Rt EEM 
RI VSD8EEM 
RI VSD8EEM 
RI VSD&EEM 
RI VSD&EEM 
RI VSD8EEM 
RI VSD8'EEM 
RI VSD&EEM 
RI VSD&EEM 
Rt VSDGEEM 
RI VSD8EEM 
RI VSD8EEM 

Totals: EEM 
VSD 8 EEM 

415 
647 
647 

1,294 
647 

1,658 
2.536 

478 
415 
780 

1,268 
956 

1,042 
2,084 
2,084 
2,084 
1,658 

956 

7,844 
13,805 

74 
81 
81 

162 
81 

136 
258 
74 
74 
84 

129 
148 
105 
210 
210 
210 
136 
148 

873 
1,528 

35 
60 
60 

120 
60 

135 
240 
40 
35 
70 

120 
80 
90 

180 
180 
180 
135 
80 

710 
1,190 

o w  
9 N A  ' o w  
0 NA 
O N A  
0 NA 
O N A  
0 1,368 
0 1,368 
0 2,168 
0 3.481 
0 2,736 
0 2,769 
0 5,538 
0 5,538 
0 5,538 
0 4,420 
0 2,736 

0 0 
0 37,660 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

3,000 
100 
100 
100 
200 
100 
200 
200 
200 
100 
200 

0 
4.90 

NA NA 15 
NA NA 15 
NA NA 15 
NA N A ' 1 5  
NA NA 15 
NA . NA 15 
NA NA 15 
10 52 15 
10 31 15 
i o  102 15 
i o  200 15 
20 104 15 
10 111 15 
20 222 15 
20 222 15 
20 151 15 
10 124 15 
20 52 15 

0 0 
160 1,371 

593 
397 
431 
539 
439 

1,214 
1.551 
4,288 
2,755 
7,750 

15.605 
7.957 
8,474 

16.948 
16,948 
11,501 
9,779 
3,978 

5.165 
105,985 

3 5 4  
3 28 
3 31 

11 43 
4 38 

12 103 
15 126 
4 424 
3 272 
4 768 
9 1,546 
4 788 
5 755 

11 1.510 
11 1.510 
11 1,139 
12 969 
4 394 

51 423 
77 10.074 

36 
29 
32 
71 
51 

1 39 
170 
42 
36 
38 

101 
44 
59 

119 
119 
119 
139 
44 

528 
862 

90 920 3.03 
57 59 1.09 
63 165 1.25 

113 109 1.08 
89 615 1.92 

242 1.874 2.13 
296 1.582 1.62 
467 1.112 1.23 
309 2,630 2.39 
806 9.792 4.31 

1.647 22,062 5.74 
832 8,900 3.31 
814 8.859 3.32 

1.629 17.717 3.32 
1,629 17.717 3.32 
1,258 11,266 2.46 
1.108 10,980 2.81 

438 2,066 1.53 

951 5,324 1.66 
10.936 113,102 3.05 





2. I O  FEDS Air Conditioner/Chiller EROs 

Air conditioning/chiller EROs are analyzed by the Level-2 software. .Energy and demand savings are 
based on the difference in coefficient of performance (COP) between new, high-efficiency replacement 
equipment and the existing equipment. Additional savings can result from the interactive effects of other 
EROs reducing the overall cooling load, which in turn results in a smaller replacement unit. 

The following possible retrofits are considered by the Level-2 software: 

Package Units - replace with newer more efficient unit. There are two categories of package units: 
single zone (1.5 to 20 tons) and multi-zone (20 to 150 tons). 

' Single Building Electric Chiller - replace with newer more efficient unit. There are four categories of 
electric chillers: large (75 to 200 tons) and small (20 to 75 tons) reciprocating, and large (500 to 
1,200 tons) and small (200 to 500 tons) centrifugal. 

District Chilled Water - switch from district chilled water to single building electric chiller. FEDS is 
currently only implemented for buildings. Hence the only retrofit of district cooling systems is conver- 
sion to a building-level centralized system. 

The FEDS software will also model existing heat pumps, window/room air conditioners, and evapora- 
tive coolers, but the current version of Level-2 does not analyze retrofit options for any of these A/C types. 

2. I O .  1 Replace Existing A/C with High-Efficiency A/C 

Description 

Almost every building at Fort Irwin has some type of air conditioning equipment; however, much of this 
equipment is evaporative coolers, and is therefore not applicable for any Level-2 EROs. Energy and 
demand savings can be realized by replacing the existing conventional air conditioning equipment with new 
high-efficiency equipment. In addition, new environmental regulations call for the elimination of CFC 
refrigerants in the future. New equipment is available with non-CFC refrigerants to meet these regulations 
with efficiencies comparable to the best CFC-based models. 

Assumptions 

Technical assumptions are as follows: 

A/C equipment type and size was allowed to default based on Level-2 assumptions. These defaults were 
then modified with available data gathered from on-site inspections and/or the Real Property List. 

Existing units have efficiencies based on equipment type and age from a survey of manufacturers data 
over the last 20 years. 

New unit efficiencies are as follows: 
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Equipment 
Type Description COP 

1 Small Centrifugal (200-500 ton) 5.86 . 

2 Large Centrifugal (500-1200 ton) 5.17 
3 Small Reciprocating (20-75 ton) 2.85 
4 Large Reciprocating (75-200 ton) 3.63 
6 Small Package (1.5-20 ton) 2.45 
7 Large Package (20-150 ton) 2.63 

Existing and retrofit equipment size, energy use and demand are calculated based on building load 
calculations performed by the FEDS software. 

Packaged units have an expected equipment life of 12 years; chillers have an expected equipment life of 
20 years. 

Costs to implement the ERO are as follows: 

First cost of replacing equipment, including material and installation, is given in terms of capacity (in 
MBtu) as shown in the following table. 

Equipment 
Type First Cost Equation 

1 52404. $)*(Cap .)o.673846 

2 52404.9*(Cap .)o.673846 

3 13 130.72e1-46?(@*) 

4 2346.001 +49563.57*(Cap .) 

6 272.6239+68357.43*(Cap.) 

7 92082.77*(Cap .)0-514841 

Qualitative results of the ERO analysis appear in Table 2.25. The table contains specific energy, cost, 
.and economic data for each piece of A/C equipment considered for replacement. 
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2.1 I Central Chiller Plant EROs 

This section presents three EROs related to the central chillers located in Buildings 253, 263 and 273.' 
These chillers serve small distribution loops connected to barracks, a dining facility, and several office 
buildings. Chilled water is supplied 24 hourslday, year-round. The first two EROs consider the possible 
connection of the chilled water loops served by Buildings 253 and 263. The remainder of this introduction 
is related to these two options. The last ERO deals with chilled water and condenser water temperature 
reset based on outside air temperature for all three central chillers. 

According to site personnel, the chillers in Buildings 253 and 263 are oversized for the load. In Build- 
ing 253, there are two 250-ton chillers (both R-11), one of which can usually more than handle the entire 
load. -In Building 263, there is a 350-ton chiller that has broken down'due to operating at extremely low , 

loads. This chiller was originally rated for 550 tons, but was recently converted to R-l34a, which resulted 
in a 200-ton loss of capacity. The Fort has been considering connecting the two distribution loops to better 
make use of the available capacity and combination of chiller sizes. 

In 1985, a study was conducted to determine the feasibility of adding thermal energy storage (TES) to 
the chillers at Building 253. At that time, the Building 263 chilled water loop had not yet been con- 
structed. The study concluded that TES was too expensive based on a simple payback of 18.8 years for a 
two-tank chilled water system, or 13 years for a eutectic salt ice storage system. Changes in the electric 
rate structure, improvements in TES technology, and the combined load from both chilled water loops may 
now make TES a more attractive option. 

Two ERO options are considered here: connecting the two chilled water loops and adding a 100-ton 
chiller to meet low loads, or connecting the two loops and adding TES. Both of these options will result in 
lower energy and demand charges, and increased equipment life due to better operating conditions. Please 
note that all of the following tables and calculations were based on average monthly profiles; each month is 
represented by a single daily profile. In this context, the percentages are more important. than the number 
of hours in each block. 

Assumptions common to both EROs: 

Existing chiller load, based on outdoor temperature, was estimated for the Building 253 loop from 
information in the 1985 TES study @MJM Energy Systems 1985) and conversations with Fort 
personnel. Data were interpolated for each hour from the estimated values in the following table. This 
load was prorated by square footage to apply to the Building 263 loop. 

Outdoor Chiller Tonnage 
Temperature Required 

110 350 
100 300 
90 250 
80 185 
70 120 

< 60 50 



Outdoor temperatures were found in the China Lake TMY weather tape. A 24-hr average tempera- 
ture profile was generated for each month. Daily average chiller loads were estimated from the 
weather data and assumed load above. The following table details the load range, number of hours .in 
each range (12 mo*24 hr = 288 total hours), and percentage of time in each range. 

Bldg. 253 Bldp. 263 
Load Range No. of Percent of No. of Percent of 

(tons) Hours Hours Hours Hours 
0-49 

50-74 
75-99 

100-124 
125-149 
150-174 
175- 199 
200-224 
225-249 
250-274 
275-299 
300-324 

0 NA 
131 45 % 
25 9% 
18 6% 
18 6% 
21 7% 
13 5% 
13 5% 
16 6% ' 

12 4% 
15 5% 
6 2% 

134 47 % 
34 12 % 
26 9% 
28 10 % 
20 7% 
23 8% 
19 7% 
4 1% 
0 NA 
0 NA 
0 NA 
0 NA 

Chiller efficiency was assumed to be a function of percent of full load capacity as follows: 

Percent of Efficiency 
Full Load (kW/ton) 

10 1.5 
20 1 .o 
30 0.9 
40 0.8 

50-70 0.75 
80-100 0.7 

The chilled water loop connection between me two plants j estimated to c st $80,000 if the Corps of 
Engineers does the work. This estimate was provided by the Fort energy manager. 

The new chiller option and the TES option are mutually exclusive, that is, only one of the two EROs can 
be implemented. Based on the assumptions and analysis presented in this section, the TES option is the 
most cost-effective option. However, full analyses are shown for both options since both have a positive 
NPV and other (non-economic) factors may make the new chiller option more feasible. 
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2.1 1 . I  Chilled Water Loop Connection and New Chiller 

Description 

Both chilled water loops operate year-round, with a variable load depending on outdoor conditions. As 
shown above, approximately 45 % of the time the.chillers are severely underloaded, resulting in poor 
equipment operation and inefficiency. In general, chillers operate most efficiently at or near their rated 
capacity. Based on information from the 1985 TES study @MJM Energy Systems 1985), it is estimated 
that a 100-ton chiller could handle the entire load from both loops for much of the winter season. If the 
load exceeds this chiller's capacity, other chillers could be brought on-line as needed to meet the load. 
This would allow the chillers to be run fully loaded to optimize efficiency. During the summer, the larger 
chillers could be base-loaded to within 100 tons of the load, and the 100-ton unit could be used to meet the 
remaining demand. This is a common operating strategy where multiple, increasing capacity chillers are 
available. 

Controlling the chillers to obtain the most economical operation at each load condition could be done in 
a number of ways. The simplest system involves manually turning the chillers on and off in response to 
chilled water supply and return temperatures and outdoor air temperature. This requires monitoring at both 
chiller plants to ensure that the appropriate chillers are active to meet the load. More complex systems 
may involve electronic control systems that can either monitor and control the chillers from a remote 
location, or automatically regulate chiller operation to meet the load based on chilled water and outdoor air 
temperatures. 

Assumptions 

In addition to the common assumptions listed above, the technical assumptions are as follows: 

The combined hours at each load are shown in the following table. The majority of the time the chillers 
are operating at minimal load due to low outdoor temperatures. Most of the hours in the 75-99 ton 
block are actually'82 tons: 50 tons from the Building 253 loop and 32 tons from the Building 263 loop. 

Load Range No. of Percent of 
(tons) Hours Hours 
75-99 123 42.7% . 

100-124 
125-149 
150- 174 
175-199 
200-224 
225-249 
250-274 
275-299 
300-324 
325-349 
350-374 
375-399 
400-424 
425-449 
450-474 , 

475-499 
500-524 

11 
16 
8 

15 
12 
9 

12 
9 

10 
7 

10 
10 
5 

10 
11 
5 
5 
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3.8% 
5.6% 
2.8 % 
5.2% 
4.2% . 
3.1% 
4.2% 
3.1% 
3.5 % 
2.4% 
3.5% 
3.5% 
1.7% 
3.5% 
3.8% 
1.7% 
1.7% 



e The number of hours at each active chiller capacity is shown in the following table. Chillers besides 
the new 100-ton unit are assumed to be loaded to within 20 tons of their full capacity before another 
chiller is brought on-line. The new 100-ton unit is assumed to be loaded up to its full-rated capacity 
before another chiller is started. 

Active Capacity No. of 
(tons) Hours 

100 125 
250 61 
350 (100 + 250) 40 
450 (100 + 350) 33 
500 (2 x 250) 22 
600 (2 x 250 + 100) 7 

Percent of 
Hours 
43.4 % 
21..2% 
13.9% 
11.4% 
7.6% 
2.4% 

Annual savings are calculated from the average daily profiles for each month. The chiller efficiency for 
each hour is found depending on the load as described above. The efficiency in kW/ton is multiplied by 
the required tonnage to find the electric demand (kw) at each hour. This is multiplied by an average 
30 daydmonth and summed over the year to calculate the electric energy (kwh). 

In addition to the common assumptions listed above, the cost assumptions are as follows: 

The new 100-ton chiller is estimated to cost $73,700, including cooling tower, pumps, and installation. 

No costs were included for a control system. It is assumed that the chillers would be controlled 
manually. If an electronic system is considered, it should be viewed in conjunction with any plans for a 
basewide EMCS or SCADA system in mind. 

The complete quantitative results of this ERO appear in Table 2.26. The table contains specific energy, 
cost, and economic performance data. Although this ERO has a positive NPV, it is eliminated from 
further consideration by the TES option discussed below. 

Budget Implications. The initial cost of this ERO is $153,700 for all cost-effective implementations. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in electric energy savings of 324,609 kwh at a value of $19,240, and electric demand savings of 401 kW- 
months at a value of $3,165. 

Operations and Maintenance. An additional $750 per year (approximately 1 % of chiller first cost) is 
assumed for the new chiller to cover normal operating maintenance. . 
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2.1 1.2 Chilled Water Loop Connection and Thermal Energy Storage 

Description 

Fort Irwin's electric utility, Southern California Edison (SCE), is sker-peaking,  due mostly to the 
growth of installed electrically driven air conditioning. Accordingly, SCE charges more for both energy 
and demand during its on-peak period-the period when the majority of the air conditioning takes place. 
Thermal energy storage (TES) can be used to avoid these high on-peak energy and demand rates by making 
and storing ice or chilled-water off-peak for use during the on-peak period. In addition, TES can be used 
to remove the "load following" characteristics of the chillers, i.e. the chillers can be run at a constant full 
load instead of varying with the instantaneous load conditions. This will both save energy and extend the 
life of the chillers. It has been suggested that continuous steady operation of a chiller (or any other electric 
appliance) can possibly double the e.quipment life. 

There are two principal techniques for TES, ice storage and chilled-water storage. Each method has its 
advantages and disadvantages depending on the size of the load, space available, chilling equipment, etc. 
For this analysis, chilled-water storage is considered since the chillers &e already in place and there is 
plenty of room for the larger storage tank required for chilled water. The current chilled-water storage 
design favors stratified storage that stores warm, secondary return water and cooled, chiller discharge 
water in the same tank. Chilled-water storage systems normally charge with output chilled-water from 
standard chillers operating at normal air-conditioning temperatures. Detailed information regarding the 
design and operation of stratified chilled-water storage can be found in (EPRI 1988). 

As discussed above, there are already plans to connect the two chilled water loops. By adding TES to 
the combined system, the existing chillers can be operated in an optimized manner. Chillers are operated 
fully loaded during the off-peak periods to meet the instantaneous load as well as charge the storage. Dur- 
ing the on-peak period, the chillers are shut down and the storage discharged to provide the required cool- 
ing energy. This frees the chillers from operation at part loads where efficiency is reduced, as well as 
operation during the more expensive on-peak period. One myth about TES is that even though demand 
charges will be reduced, energy consumption will increase. This is not always the case. The efficiency 
improvement due to full-load operation can lead to significant energy savings. 

' 

The full capacity of the TES system is only required during the warmest part of the year. During this 
time, the chillers are operating eighteen hours a day to charge the storage tank EO provide the six hours of 
on-peak cooling. The rest of the year, the full capacity of the storage tank is not required during the on- 
peak period, but the system can still be used for storage. As the required storage decreases, the time when 
the storage is discharging can be increased. For example, in December, one chiller may be required to run 
(fully loaded) for only six hours to provide chilled water for the rest of the day. By careful observation 
and planning the system can be optimized to get the full benefit from the TES all year. 

Assumptions 

In addition to the common assumptions listed above, .the technical assumptions are as follows: 

No increase in efficiency is assumed for operation during the cooler, night-time off-peak period. 
Greater efficiency improvements due to full-load operation will overshadow any savings due to lower 
condenser water temperatures. 
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The combined hours at each load are shown in the following table. The majority of the time the chillers 
are operating at minimal load due to low outdoor temperatures. Most of the hours in the 75-99 ton 
block are actually 82 tons: 50 tons from the Building 253 loop, and 32 tons from the Building 263 loop. 

75-99 
100-124 
125-149 
150- 174 
175-199 
200-224 
225-249 
250-274 
275-299 
300-324 
325-349 
350-374 
375-399 
400-424 
425-449 
450-474 
475-499 
500-524 

Load Range No. of Percent of 
(tons) Hours Hours 

123 42.7% 
11 3.8% 
16 5.6% 
8 2.8 % 
15 5.2% 
12 4.2% 
9 3.1% 
12 4.2 % 
9 3.1% 
10 3.5% 
7 2.4% 
10 3.5% 
10 3.5% 
5 1.7% 
10 3.5% 
11 3.8% 
5 1.7% 
5 1.7% 

The number of hours at each active chiller capacity is shown in the following table. Chillers are fully 
loaded at all times, either meeting the instantaneous load, charging the storage, or both. Over 53% of 
the time the chillers are off, and the TES is meeting the load, in comparison to the existing situation 
where at least two chillers are operating at all times. 

Number of Percent of 
Chiller Tonnage Hours Hours 
Off 155 53.8% 
250 7 2.4% 
350 57 19.8% 

600 (250 + 350) 41 14.2% 
500 (2x250) 28 9.7% 
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The following table illustrates the basis for the savings calculations for the peak month (July). The 
second column is the chilled water tonnage required each hour. The third column is the active chiller 
tonnage-the tonnage of chilled water being produced each hour. The fourth column is the difference 
between the active capacity and the required tonnage, or the tons stored. The last column is the cumu- 
lative amount stored. It may be easier to visualize if the day is assumed to start at 1800 hours (the end 
of the on-peak period). For each hour after 1800, an amount of cooling is added to the storage until 
1200 hours (the start of the on-peak period). At'this time, the chillers are cut-off and the storage 
provides the cooling. For this month, the required storage is the sum of the tons required during the 
on-peak period, 3,541 ton-hrs. 

Hour of Tons Active Tons Stored Cumulative 
the Day Reauired CaDacitv each Hour Storage 

0 330 600 . 270 1,330 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

12 

311 
283 
273 
259 
266 
305 
352 
397 
437 
461 
48 1 
499 
5 12 
518 
522 
512 
496 
466 
441 
408 
387 
365 
340 

600 
600 
600 
600 
600 
600 
600 
500 
500 
500 
500 

0 
0 
0 
0 
0 
0 

600 
600 
600 
600 
600 
600 

289 
317 
327 
34 1 
334 
295 

103 
63 
0 
0 

-499 
-5 12 
-518 
-522 
-512 

248 

-496 
134 
159 
192 
213 
235 
260 

1,619 
1,936 
2,263 
2,604 
2,938 
3,233 
3,381 
3,484 
3,548 

0 
0 
0 
0 
0 

. o  
0 
0 

134 
159 
352 
565 
800 

1,060 

In other months, it may be better to try to meet the entire load during a shorter time period. The 
following table shows the same type of information for January, where the entire daily load is met. in the 
first six hours of the day, which happens to be the super-off-peak period, with the lowest electric rates 
during the winter season. 
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Hour of the Tons Active Tons Stored Cumulative 
Day Required Capacity each Hour Storage 

. o  82 350 268 268 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 

350 
350 
350 
350 
250 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

268 
268 
268 
268 
168 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

535 
803 

1,070 
1,338 
1,505 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Using a spreadsheet, the active capacity was modified hourly to just meet the required monthly storage 
during the off-peak period and still allow each chiller to run as close to full load as possible. It is recom- 
mended that the chilled water use be metered to determine actual usage patterns before designing any TES 
system for these two chilled water loops. 

The peak storage required occurs in July, when 3,541 ton-hrs are required during the on-peak period. 
Normally, TES is sized to meet the load on the peak day. Since this is an monthly average, the actual 
storage required was assumed to be 4,000 ton-hrs. Assuming that 90% of the storage tank can be used 
effectively for TES, a 365,000-gallon tank is required. 

The storage tank is assumed to be partially buried, pre-stressed concrete approximately 20 f t  deep and 
56 ft  in diameter. It is assumed that there is room for the storage tank somewhere between the two 
chiller plants near the proposed chilled water loop cross-tie line. 

It is assumed that the TES will not result in any significant increase in pumping energy. If the system is 
designed properly, a minimum of controls are required. 
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In addition to the common assumptions listed above, the cost assumptions are as follows: 

The concrete tank will cost approximately $300,000. Excavation and backfill are assumed to cost . 

$12,000. Design of the system, including the diffuser inside the tank, are assumed to cost approxi- 
mately $20,000. An additional $20,000 is estimated for miscellaneous piping, valves, etc., to connect 
the TES to the chilled water system. 

The electric utility (SCE) provides rebates as an incentive for the installation of TES system. This 
rebate is $200/kW of peak load shifted. For this ERO, approximately 390 kW will be shifted off-peak, 
for a total rebate of $78,000. 

An additional $1,500/yr is assumed for operations and maintenance of the TES system. 

The complete quantitative results of this ERO appear in Table 2.26. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial cost of this ERO is $432,000 for all cost-effective hplementations. 
As discussed above, there is a $78,000 rebate available from SCE for the installation of the TES system. 

Energy and Cost Savings. It is estimated that implementation of this ERO will result in electric energy 
savings of 322,122 kwh at a value of $43,446, and electric demand savings of 2,110 kW-months at a value 
of $30,478. 

Operations And Maintenance. An additional $1,500 per year is assumed for the TES system to cover 
normal operating maintenance. 

2.1 1.3 Chiller Water Temperature Reset ERO 

Description 

Large water-cooled chillers are typically selected for 45°F leaving-chilled-water temperature and 95°F 
leaving-condenser-water temperature. Anything that can be done to raise the chilled water temperature and 
lower the condenser water temperature is going to save energy. It h& been shown that for every degree of 
temperature change, there is a 1.5% change in chiller efficiency (Competitek 1991). 

The easiest way to raise the chilled water temperature is manually, by trial and error. Most systems can 
operate effectively at 24°F higher temperature with no noticeable impact on cooling performance. If this 
is the case, the setpoint should be increased further, until the temperature is just low enough to meet the 
load. Of course, this temperature will vary by season, and it may be necessary to return to the 45°F set- 
point during the hottest days of the year. There are two possible’problems that may arise from this action: 
inadequate capacity, and loss of humidity control. Inadequate capacity is usually a function of the air 

. handling system. Using the trial and error approach, the system with the most marginal capacity can be 
found, and the temperature setpoint adjusted to just meet that system. Loss of humidity control in a area 
like Fort Irwin should not be of concern, since this is usually associated with the dehumidifying ability of 
the coil. 
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The easiest way to lower condenser water temperature is to run the cooling tower more. Before this 
step is undertaken, a thorough examination of the cooling tower is in order, to determine the energy trade- 
offs between operating the chiller versus operating the cooling tower. There are three factors to consider: 
1) type of cooling tower, 2) local climate conditions, and 3) operating hours. The type of cooling tower is 
important since it determines the tower fan energy. A forced draft tower uses about three times as much 
fan energy as an induced draft tower; therefore an induced draft tower makes temperature reset more 
viable. In a very humid local climate, the cooling tower has to work harder to provide the same amount of 
cooling as it does in a dry area. Again, the climate of Fort Irwin makes this option.more attractive. The 
last item to consider is operating hours, which have an effect on both chiller and cooling tower efficiency. 

Assumptions 

The technical assumptions are as follows: 

The three chiller plants (Bldgs. 253, 263, and 273) represent the majority of the water-cooled chillers on 
the Fort and are therefore the only chillers considered for this ERO. The tonnage of these chillers was 
found during site visits and from the Real Property List and is assumed correct. 

The existing cooling energy was derived from the cooling EUIs developed in Volume 2 of this report. 
The EUI was multiplied by the total square footage served by each chiller to calculate the annual energy 
consumption. 

The chillers are assumed to operate at 0.75 kW/ton, an average standard efficiency for water-cooled 
chillers. 

Chilled water temperature is assumed to be raised by 5°F and condenser water temperature is assumed to 
be lowered by 5OF, resulting in a 15% increase in efficiency. Actual temperature resets will be a 
function of the individual chiller, cooling tower, and air handling systems and may require some trial 
and error testing before the optimum setpoints are found. 

The cost assumptions are as follows:. 

It should be relatively easy to adjust these temperature setpoints in most cases. For.this ERO an initial 
labor charge of $30, and an annual $30 maintenance increase is assumed. These charges should cover 
the initial temperature reset and any necessary modifications over the course of the year to match the 
seasonal weather variations. 

The complete quantitative results of this ERO appear in Table 2.27. The table contains specific energy, 
cost, and economic performance data. Analysis of this ERO was carried out independently of the new 
chiller and TES EROs discussed above. Any savings estimated here are for existing chiller operating 
conditions. 

Budget Implications. The initial cost of this ERO is $90 for all cost-effective implementations. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in electric energy savings of 273,806 kWh/yr.at an annualized value of $18,938, and electric demand 
savings of 1,129 kW-months at a value of $12,387. 
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Operations and’Maintenance. An additional $30 per year is assumed for each chiller to cover any 
necessary modifications to the temperature setpoints during the year. 

Table 2.26. Central Chiller Plant EROs . 

Central Chiller Plant Operating Parameters. 
I 1 Annual Energy Consumption I Sum Coincidenl Demand 

Summer Winter Summer Winter 
Number Rating OnPeak MidPeak OffPeak MidPeak OffPeak OnPeak MidPeak MidPeak 

ID Equipment of Units (Ton) (kWhfyr) (kwhlyr) (kwhlyr) (kWW) (kWhhr) (kW-mo) (kW-mo) (kW-moL 

1 Exisling Chillers 3 2x250, 1x350 210,164 217,510 369,499 336,394 452,314 1,444 1,313 1.452 
2 Existing Chillers 3 Zx250,1x350 210.164 217,510 369,499 336,394 452,314 1,444 1,313 1.452 

Central Chiller Plant ERO Operating Parameters 
Annual Energy Consumption 
Summer Winter Summer Winter 

On Peak Mid Peak Off Peak Mid Peak Off Peak On Peak Mid Peak Mid Peak 
ID Descriplion of Replacemenl (kwhlyr) (kwhlyr) (kwhlyr) (kwhlyr) (kwhlyr) (kW-mo) (kw-mo) (kW-mo) 
1 Connect BQB & BR63, Add 100 Ion chiller 194,749 196,476 324,433 248,391 293,556 1,347 1,191 1,130‘ 
2 Connect BQ53 & BRw, Add TES 0 274,500 459,300 37,500 490,500 0 1,610 350 

Sum Coincidenl Demand 

Central Chiller Plant Economic Parameters 
Addn‘l First Year Energy and Demand Savings Life Cycle Cosl 

’ First Maint. Ulilily Life Energy Demand Energy Demand Total 
cos1 Cosl Rebate Expectancy Savings Savings SaCings Savings .Savings NPV 

ID (1994%) (1994$) (1994%) (Years) (kWh) (kW-mo) (1594%) (1994%) 11594%) (1994s) SIR 

1 153,700 750 0 25 324,609 401 19,240 3,165 22,405 219,207 2.43 
12 432,000 1,500 78,000 25 322,122 2.110 43,446 30,478 73.924 893.186 3.52 I 
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Operating Schedule Annual Energy Consumption , 

Equipment Description Summer Winter No. of Summer Winter 
Facility On Peak Mid Peak Off Peak Mid Peak Off Peak Months On Peak Mid Peak Off Peak Mid Peak Off Peak 

ID 'Number Equipment kWfion Hours Hours Hours Hours Hours On Peak (kWNyr) (kWNyr) (kWNyr) (kWNyr) (kWNyr) 

Sum Coincident Demand 
Summer Winter 

On Peak Mid Peak Mid Peak 
(kW-mo) (kW-mo) (kW-mo) 

Summer Winter No. of Summer Winter 
On Peak Mid Peak Off Peak Mid Peak Off Peak Months On Peak Mid Peak Off Peak Mid Peak Off Peak 

ID ERO Description kWfion Hours Hours Hours Hours Hours OnPeak (kWNyr) (kWhlyr) (kWNyr) (kWNyr) (kWNyr) 

Summer Winter 
On Peak Mid Peak Mid Peak 
(kW-mo) (kW-mo) (kW-mo) 

Installation First Year Energy and Demand Savings . 
Labor Annual ERO Energy Demand Energy Demand Tolal 
Cost OBM Life Savings Savings Savings Savings Savings 

ID (19948) (1994s) (Years) (kWh) (kW-mo) (19948) (1994s) (1994s) 

Life Cyde Cost 

NPV 
(19948) SIR 



2.1 2 Domestic Refrigeration EROs 

Description 

New appliance standards that went into effect on January 1, 1990, e l h a t e d  the most inefficient 
refrigerator models from the market (Turiel 1990). New standards that took effect on January 1, 1993, 
made the least efficient 1993 models 26-28% more efficient than the average 1989 model. With the 1993 
standard in effect, the incremental costs of design features needed to meet the standard are expected to 
increase the price of mass-produced units by 12.5 % . It is reasonable to expect that replacement of all units 
with those that meet the 1993 standard will be economically attractive. This ERO was analyzed as a 
"replace immediately" option only, since there will be no choice but to replace units that fail with units 
meeting the new standard. 

This ERO involves 1,897 full-sized units in family housing and 433 units in commercial building 
breakrooms, including barracks at Fort Irwin. 

Assumptions 

The following technical data and assumptions pertain to the ERO evaluation: 

Non-energy operations and maintenance (O&M) costs are the same for the retrofit models as for the cur- 
rent models. Refrigerator O&M includes replacement if the refrigeration system fails and repair of 
shelves and cleaning of coils, drip pans, and finished surfaces. 

Each family housing unit contains one full-size refrigerator with a DOE energy rating of 1,000 k W y r ;  
actual consumption is 1,296 kWh/yr, and the peak factor (percent of refrigerators affecting peak load) is 
0.90, 

Existing units are assumed to be 27% less efficient than the replacement units. A 17-cubic foot 
model was chosen from the GSA "catalog" as a replacement. Energy consumption for this model is 
946 k W y r .  

The complete quantitative results of this ERO appear in Table 2.28. The table contains specific energy, 
cost and economic performance data. This ERO has no positive NPV options. 
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Table 2.28. Refrigeration EROs 

Existing Refrigerator Operating Parameters Annual Energy Consumplion I Sum Coincidenl Demand 

ID 
~~ 

I Comm. BlcQ Breakrms 17 433 0.9 0.249 56,491 84,899 174,875 243,464 386,475 433 227 1,113 
2 Family Housing 17 1,897 0.9 0.249 247,563 372,055 766,357 1,066,935 1,693,653 1,897 996 4,877 

Winler Summer Winter 
Size #o f  Peak Load OnPeak MidPeak OffPeak MidPeak OffPeak OnPeak MidPeak MidPeak 

Application (cu.ft.) units Factor (kW/unit (kWh/yr) (kWylr) (kWh/yr) (kWhEyr) (kWhlyr) (kW-mo) (kW-mo) (kW-mo) 

Average Summer 

Efficient Refrigerator Operating Parameters 
Average 

ID Applicalion (cu.H.) units Faclor (kW/unil) 
Size #o f  Peak Load 

N 

Annual Energy Consumplion Sum Coincident Demand 
Summer Winter Summer . Winter 

On Peak MidPeak Off Peak MidPeak Off Peak OnPeak MidPeak MidPeak 
(kWwr) (kWhlyr) (kWh/yr) (kWhEyr) (kWh/yr) (kW-mo) (kW-mo) (kW-mo) 

I 

Economic Parameters 
FirslCost Life Energy Demand Energy Demand Total 

Firs1 Year Energy & Demand Savings 

ID (1994$) (yr) (kWh) (kW-mo) (1994$) (1994$) (1994s) 

Life Cycle Cost 
NFV 
($) SIR 



2.1 3 Modular Building EROs 

Most of the new construction at Fort Irwin since the mid-1980s (excluding family housing) has been in 
the form of modular buildings. These are buildings that are manufactured off-site and brought to the Fort 
in sections. They are then connected together to form buildings in a manner similar to mobile homes. The 
modular buildings differ generally only in their furnishings, lighting, orientation, equipment brands and 
number of modules. The modular buildings are all-electric, and the energy use is thought to be particularly 
inefficient in these buildings. 

From 21 December 1989 to 27 January 1992, two of the modular buildings (Bldgs. 567 and 571) were 
extensively monitored by PNL as part of a separate study sponsored by FORSCOM. The purpose of this 
test was to monitor electrical demands by end use and to monitor the response of the W A C  systems to 
internal and external loads. Several EROs that were evaluated'as a result of this study are included here 
for formal LCC analysis. Additional detail on the end-use metering on these two buildings can be found in 
Armstrong and Keller (1994). 

Since the metering provided unusually accurate estimates of the existing energy use for the modular 
buildings, it was decided to group all of the EROs pertaining to the modular buildings together so that 
common assumptions regarding energy consumption would be used. This may result in some reproduction 
as several of these EROs are analyzed elsewhere in this report for other building types. There are nine 
EROs analyzed below. The first five are identical to those analyzed as part of the metering. 

Another group of EROs for modular buildings will be analyzed by the Level-2 software, and are 
included with the Level-2 results. These EROs include wall and ceiling insulation, DHW, lighting, and 
heat pump replacement. 

Keep in mind that the results below are for individual EROs only; there has been no attempt to include 
any interactive effects between the EROs. In addition, the first four EROs all consider energy savings 
from adding controls. In each case, the full cost of the control system is included. If several of these 
EROs were implemented, costs would be reduced as some parts of the necessay controls systems may be 
used for several EROs. 

It is recommended that any new modular buildings be specified with the energy saving controls, equip- 
ment, and envelope construction described below. Most of these measures could be applied either during 
module construction, or during building set-up to make the new buildings as efficient as possible. 

Assumptions common to all modular office building EROs: 

There are 47 modular office/admin. buildings considered for these EROs. Additional modular buildings 
used for other purposes were not included since their existing energy use could not be assumed to be the 
same as the two metered office-type buildings. 

There are a total of 223,920 ft2 of modular office space. Each module is 720 ft2 (60 f t  x 12 ft), for a 
total of 311 modules. 
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The observed EUIs for the two metered buildings were 13.7 kWh/ft2-yr for Building 567 and 
10.4 kWh/ft2-yr for Building 571. From these results, an average 12.05 kWh/ft2-yr was assumed 
for all modular office buildings. This EUI, multiplied by the total modular office area, results in an 
annual electric energy use of 2,698,236 kwh. This total was split into the various electric rate periods 
by the ratio of the number of hours in each time period. 

Each module has its own thermostat and 3-ton heat pump. 

2.13.1 Night and Weekend Setback 

Description 

Primary W A C  energy can be saved by implementing night and weekend setback schedules with an 
optimal start feature. Additional energy can be saved by including controls to prevent simultaneous heating 
and cooling. 

The modular buildings currently use a separate thermostat to control the heat pump in each module. 
The large number of thermostats makes implementation of night setback a practical impossibility. An 
attractive solution is to add a central controller to each building. The controller will enable heating or 
cooling based on the average temperature sensed by multiple sensors. This will allow the heat pumps to 
heat or cool but not both. With a central control deadband of 1°C and module thermostat deadbands of 
3 to 4"C, there will be ample margin for variation in individual setpoints to satisfy occupants' comfort 
criteria. At night and on weekends the central control will operate with a lower heating setpoint of 12 to 
15°C and will disable cooling entirely. Time to recover from night setback will be estimated by an optimal 
start algorithm based on average indoor temperature, outdoor temperature, and daytime heating setpoint. 
This will allow a low night heating setpoint to be used without the penalty of having to initiate recovery on 
a futed, early morning (worst-case) schedule. 

A lower-cost alternative to the EMCS-type controller described above is a full-featured electronic 
thermostat wired to enable the heating and cooling modes of the individual module thermostats. Another 
alternative is to include sufficient inputs with the central control to measure the air temperature at each 
zone and completely replace the existing thermostats. 

Assumptions 

The technical assumptions are as follows: 

Results predict that elimination of simultaneous heating and cooling will save 4,000 k W y r  in Bldg. 
567 and 2,000 k W y r  in Bldg. 571. Implementation of night and weekend setback with optimal start 
should save at least 6,000 kWh/yr in Bldg. 567 and 7,000 kWh/yr in Bldg. 571. 

An average savings of 9,500 k W y r  and 46.5 kW-mo per building was assumed based on.the results. 

The cost assumptions are as follows: 

The small commercial building EMCS control market is large and very competitive. A number of 
manufacturers offer 16-point (e.g., 8 analog in, 8 digital out) units for under $1,500. Four temperature 
sensors and one outdoor temperature sensor will cost $300 and installation labor and programming will 
cost $500 per building assuming 10 or more buildings are involved. Wiring to existing thermostats will 
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cost about $100 and thermostat replacement (if necessary) will cost about $100 each including labor. 
Maximum total cost is therefore about $3,200 per building. Note that the cost to expand the EMCS 
controller and add four additional room temperature sensors may be no more than the cost to replace all 
of the thermostats. 

Results 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial installed cost of all cost-effective implementations of this ERO is 
$150,400. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in an annual energy savings of 441,800 kwh, for a cost savings of $24,835. Annual demand savings are 
estimated to be 2,186 kW-months, for a cost savings of $6,096. 

2.13.2 Two-Speed Fan Motor 

Description 

Each heat pump has a supply air fan that operates continuously during occupied hours. A two-speed fan 
can be operated at two-thirds speed during occupied hours when there is no heating or cooling load. The 
measure requires replacement of the fan motor and installation of a relay to select high speed only when the 
heat pump compressor is on. 

. 

Assumptions 

The technical assumptions are as follows: 

The fans in Buildings 567 and 571 use over 5,000 k W y r  during fan-only operation. This can be 
reduced by 3,500 k W y r  by replacing the fan motors with two-speed motors. 

There are 15 fan motors in the two metered buildings, for a total savings of 233 k W y r  per fan. 

Demand savings will be minimal, since the fans will still be able to run at the high speed, which will 
most likely occur during the peak periods. 

The cost assumption is as follows: 

It is estimated to cost $230 per fan to retrofit the heat pump units with two-speed fan motors. 

Results 

2 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. There are no cost-effective options for lhis ERO. 
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2.13.3 Two-Speed Compressor 

Description 

The existing heat pumps have single-speed compressors. A heat pump equipped with a two-speed com- 
pressor operates more efficiently at part load by obtaining much closer approach temperatures in the 
evaporator and condenser heat exchangers and by dissipating less energy in the form of refrigerant loop 
friction losses. A two-stage expansion valve and two-stage room thermostat controls must also be provided 
with this retrofit. 

Assumptions 

The technical assumptions are as follows: 

Heat pumps can satisfy the loads 90% of the time at 60% of current capacity. Energy use under these 
conditions will be reduced by 25% in heating mode and 30% in cooling mode. This is estimated to 
reduce annual HVAC energy in the two metered buildings by 16,000 kwh and HVAC demand by 
68.4 kW-mo. 

There are 15 heat pump compressors in the two metered buildings, for a total savings of 1,067 kWh/yr 
and 4.56 kW-mo per compressor. 

The cost assumptions are as follows: 

The cost of a two-speed, three-ton compressor is $400; installation labor cost is $150; additional 
controls will cost about $200, installed, for a total of $750 per heat pump unit. 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The initial installed cost of all cost-effective implementations of this ERO is 
$240,507. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in anannual energy savings of 331,733 kwh, for a cost savings of $19,917. Annual demand savings are 
estimated to be 1,418 kW-months, for a cost savings of $19,435. 

2.13.4 Economizer Cooling 

Description 

Economizer cooling can be added to the existing system in a number of ways. The simplest system 
would involve one economizer damper retrofit package per heat pump. However, such a retrofit may not 
be feasible due to the compact nature of the heat pump units. We therefore consider a system that adds a 
filtered outdoor air fan unit, an exhaust fan unit, and an EMCS unit and variable-speed motor controller for 
every four modules. A back-draft damper will be provided at each heat pump supply air outlet and a 
motorized damper will be installed where the outside air duct branches to each of the four supply air ducts. 
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The EMCS will monitor the existing thermostat signals as well as exhaust and outside air temperatures and 
relative humidities and will control the new exhaust and supply air fan speeds and open or close the motor- 
ized dampers accordingly. 

Assumptions 

The technical assumptions are as follows: 

Energy and demand savings were calculated from the monitored compressor loads by applying a 
nominal cooling COP of 2.5 and assuming a supply air flow rate of 1,000 c h  per supply fan. On this 
basis, economizer cooling will save about 7,140 kWh/yr on.workdays and 2,020 k W y r  on non- 
workdays in Building 567. Demand savings will be about 35 kW-mo. 

Savings calculated for building 567 are assumed to be representative of all of the modular office 
buildings. 

It is assumed that economizer cooling will be limited to the winter season (Oct. through May). There- 
fore the savings were apportioned in the following manner: 7,140 kWh during the winter mid-peak 
period, and 2,020 kWh during the winter off-peak period. Demand savings all occur during the winter 
mid-peak period. 

The cost assumptions are as follows: 

The costs for the economizer system for Building 567 are as follows: outside air fan (2): $1,700; 
outside air ductwork, installed: $2,160; motorized dampers (8): $1,600; erhaust fan with backdraft 
damper and curb, installed (2): $2,140; variable-speed drive, installed (2): $2,376; temperature & RH 
sensors, installed (3): $375; EMCS unit (2): $3,000; EMCS sensor and actuator interface: $850. The 
estimated total first cost for the retrofit is $14,200. 

Since the economizer package is applied once for every four modules, the total cost for all 311 modules 
is assumed to be $7,100 multiplied by 78 (31U4). 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. There are no cost-effective options for this ERO. 

2.13.5 Reflective Roof 

Description 

The existing roof is a black EDPM membrane; White reflective roof coating materials are available to 
reduce heat gains from absorbed solar radiation. 
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Assumptions 

The technical assumptions are as follows: 

Solar energy incident on the two metered buildings amounts to about 2,000,000 kwh per year. About 
2% of this, or 40,000 kWh/yr, contributes to the aggregate annual cooling load estimated at 
115,000 kWh (thermal) based on a COP of 2.5. White roofs will eliminate at least half of the 
40,000 kWh/yr thermal load for an annual--mostly on-peak--electric load savings of 8,000 kwh and 
33 kW-mo. 

There are 15 modules in the two metered buildings, for a total savings of 533 kWh/yr and 2.2 kW-mo 
per module. Savings was estimated to be 3,000 kWh/yr during both the summer on- and mid-peak 
periods, and 2,000 kWh/yr during the winter mid-peak period. Demand savings are assumed to all 
occur during the summer on-peak period. 

The cost assumptions are as follows: 
The cost of coating the roof is estimated to be $l.OO/ft*; the total cost for each module is therefore $720. 
Renewal of the coating at 5-year intervals is assumed. 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. .r 

Budget Implications. The initial installed cost of all cost-effective implementations of this ERO is 
$223,920. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in an annual energy savings of 165,867 kwh, for a cost savings of $16,015. ,Annual demand savings are 
estimated to be 684 kW-months, for a cost savings of $13,111. 

2.13.6 Double-Pane Windows 

Description 

Modular buildings have single-pane aluminum frame windows. Energy can be saved by replacing these 
windows with double-pane windows. Replacement window frames should be either vinyl or aluminum 
with a thermal break. 

Assumptions 

The technical assumptions are as follows: 

Percent of windows on each side of the building was estimated from observations during the site visit. 

The months with an average outdoor air temperature below 65OF were considered to contribute to the 
heating energy consumption during the winter season. These months are November through March. 
All the months during the summer season (June through September) are assumed to contribute to the 
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cooling energy. The weather data used to determine this is from the China Lake TMY weather file. 

Single-pane windows have a U-value of 0.98 (Btu/hr-ft2-F) and U-value for multi-glazed is 0.7 (Btu/hr- 
ft2 -F) . 
The conductive heat loss or gain through the window was determined by the equation: Q = UAAT. 
The temperature difference was determined by the average temperature for each month during the 
heating season from the TMY data for China Lake. The cooling season temperature was the average 
temperature difference for the entire cooling season, also from China Lake TMY data. It should be 
noted that this was broken up into each rate schedule (Le., on, mid, .... peak) 

To determine the operating hours, each day (week day or week-end) was broken into on, mid, off, or 
super off hours, and then appropriately prorated for the season. 

The cost assumptions are as follows: 

Double-pane windows are assumed to be $9/ft* for materials and $S/ft2 for labor taken as an average 
from seveial sources (Means: Building Construction Cost Data 1992; The Richardson Rapid System, 
Process Plant Construction Estimating Standards, Volume 2, 1992; cost estimate from a manufacturer of 
efficient windows). 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance'data. There are no cost-effective options for this ERO. 

2.13.7 Shade Screens 

Description 

Shade screens are used to replace existing metal or fabric insect screens attached to the exterior of each 
window frame. The shade screen is made up of rows of miniature louvers which allow light to penetrate 
only at certain angles. By reducing the amount of sunlight which enters through the windows, cooling load 
can be substantially reduced. See the shade screen ERO in the manual envelope ERO section for more 
details about the design and operation of shade screens. 

Assumptions 

The technical assumptions are as follows: 

Percent of windows on each side of the building was estimated from observations during the site visits. 

All the months during the summer season (June through September) are assumed to contribute to the 
cooling energy. The weather data used to determine this is from the China Lake Th4Y weather file. . 

The present shading coefficient is assumed to be 1.0 @e., no shading) and the proposed shadhg 
coefficient is assumed to be 0.3. 



Solar insolation attributing to heat gain through the windows was calculated from solar heat gain factor 
(Btu/h-ft2) (SHGF) (from ASHRAE Fundamentals 1993, pg. 27.21-.22) assuming Fort Irwin is at 
35 degrees latitude. Buildings are assumed to be oriented 45' from north; therefore, the SHGF used are 
for the NE, SE, NW, and SW faces of the building. 

Solar time, used by ASHRAE Fundamentals, was converted to Pacific Time to account for on, mid, and 
off peak energy consumption during the summer season. 

Each side of the building was analyzed separately to determine the best economic choices for installation 
of shade screens. 

The cost assumptions are as follows: 

Shade screens is assumed to cost $5.00/ft2 including labor. 

SCE has a rebate of $0.30/ft2 of window films or screens. The rebate applies to southwest and southeast 
facing windows only. 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. Shade screens are cost-effective options on the southeast, southwest 
and northwest facing windows. 

Budget Implications. The initial installed cost of all cost-effective implementatioris of this ERO is 
$16,450. - 

Energy and Cost Savings. It is estimated that all cost-effective implementations of &is ERO will result 
in an annual energy savings of 29,191 kwh, for a cost savings of $2,907. Annual demand savings are esti- 
mated to be 137 kW-months, for a cost savings of $2,343. 

2.13.8 Crawl Space Insulation 

Description 

Insulation can be added between the floor joists in the crawl space under each modular building to 
insulate the floor. The modular buildings are installed anywhere from three to six feet (depending on site 
elevation) above the ground on raised supports, allowing easy access to install insulation. Plywood skirting 
is already in place around the exterior of each building, which will protect the insulation. Two insulation 
levels are analyzed, R-19 and R-30. 

Assumptions 

The'technical assumptions are as follows: 

The months with an average outdoor air temperature below 65OF were considered to cohtribute to the 
heating energy consumption during the winter season. These months are November through March. All 
the months during the summer season (June through September) are assumed to contribute to the cooling 
energy. 
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The existing floor U-value is 0.359 (13tukr-ftz-F) assuming no insulation. 

The proposed floor U-value is 0.0499 (Btu/hr-ft2 -F) assuming insulation of R-19. 

The proposed floor U-value is 0.0355 (13tu/hr-ftz -F) assuming insulation of R-30. 

The floor is assumed to be wood joists on 16" centers (2' x 8' boards). 

The crawl space is assumed to be vented, therefore, for conductive heat exchange it is treated as an 
outside wall. 

The cost assumptions are as follows: 

R-19: material = $0.39/ft2, labor = $0.14/ft2 

R-30: material = $0.60/ftz, labor = $0.16/ftz 
(from Means: Building Construction Cost Data 1992) 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, 
cost, and economic performance data. The most cost-effective insulation choice is R-19. 

Budget Implications. The initial installed cost of all cost-effective implementations of this ERO is 
$124,770. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in an annual energy savings of 293,454 kwh, for a cost savings of $24,461. Annual demand savings are 
estimated to be 1,039 kW-mo, for a cost savings of $14,300. 

2.13.9 Weatherization 

Description 

Weatherization consists of caulking, weatherstripping and installing/replacing door seals to provide a 
tight seal to limit or eliminate infiltration. This will result in energy savings and increased occupant 
comfort. 

Assumptions 

The technical assumptions are as follows: 

The months with an average outdoor air temperature below 65°F were considered to contribute to the 
heating energy consumption during the winter season. These months are November through March. 
All the months during the summer season (June through September) are assumed to contribute to the 
cooling energy. 

Existing air leakage is asswed to be "average," 0.3 cfin/ft2; proposed air leakage values are assumed to 
be "tight," 0.1 cfm/ftz (from ASHRAE Fundamentals, 1993, pg. 23.16). 
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Heat gain calculations for heat gain or loss is from ASHRAE Fundamentals, 1993, pg. 25.13. 

It was assumed 2 doors per building with dimensions of 3’ x 7’. Window dimensions were 
approximated from site visits. 

The cost assumptions are as follows: 

Caulking: material = $O.O6/ft, labor = $0.72/ft 

Weatherstripping material = $2.20/ft, labor = $1.92/ft 

Door Strips material = $2.6O/fty labor = $3.84/ft 
(from Means: Building Construction Cost Data 1992) 

Results 

The complete quantitative results of this ERO appear in Table 2.29. The table contains specific energy, . 
cost, and economic performance data. 

Budget Implications. The initial installed cost of all cost-effective implementations of this ERO is 
$8,967. 

Energy and Cost Savings. It is estimated that all cost-effective implementations of this ERO will result 
in an annual energy savings of 363,654 kwh, for a cost savings of $26,363. Annual demand savings are 
estimated to be 904 kW-months, for a cost savings of $11,800. 

2.168 



Table 2.29. Modular Office EROs 

Enerqy Demand 
Annual Summer Winter Summer Winter . 

Number Total On-Peak Mid-Peak Off-peak Mid-Peak Off-peak On-Peak Mid-Peak Mid-Peak 
ID Equipment Description of Units (kWhhrr) (kWhhrr) (kwhhrr) (kWhhrrl (kwhhrrl fkWMrrl IkW-mol (kW-mol (kW-mol 

First Year Energy and Demand Savinrs 
First Rebate Energy Demand Energy Demand Total 
Cos1 Amount Life Savings Savings Savings Savings Savings 

ID f1994$1 f 1994$l (Years) (kWhl (kw-mo) (1994$) (1994$1 (1994$l 

Annual 
Description of Number Total 

ID Replacement of Unils (kwhhrrl 

MT-2 2-speed fan molor 311 2,625,669 
MT-3 2-speed compressor 311 2,366,503 
MT-4 Economizer cooling 78 2,267,716 
MT-5 Reflective roof 311 2,532,369 
MT-6 Double pane windows 47 2,670.103 
MT-7 Shade Screens -NE si& 47 2,690.722 
MT-8 Shadescreens-SEside , 47 2,687,451 
MT-9 Shade Screens - SW si& 47 2,687,344 
MT-IO Shade Screens - NW side 47 2,690,722 
MT-lla Crawl Space Ins.: R-19 47 2,404,782 

MT-I2 Weatherization 47 2,334,582 

MT-1 Night Setback 47 2,256,435 

MT-llb Crawl Space Ins.: R-30 47 2,391,110 

Life Cycle Cost 

NW 
f1994Sl SIR 

On-Peak 
( k W h r l  
140,744 
157,540 
141,990 
161,894 
99,694 

160,334 
160,422 
160,280 
153,497 
156,231 
70,147 
65,873 
87,451 

Summer Winter SUI 
Mid-Peak Off-peak Mid-Peak Off-peak On-Peak 
(kWhb,vl (kW&rl IkWhEVr) (kWhbrl IkW-mol 
221,691 
236,310 
212,985 
242,841 
180,641 
241.281 
241.484 
239.093 
241 .I 14 
241,757 
130,243 
124,997 
151,479 

383,833 
472,620 
425,970 
485.682 
485,682 
483,768 
480,998 
480,260 
484,915 
484.916 
448,150 
446,401 
m,m 

607,541 
682,674 
615,291 
365.961 
650.075 
700,245 
701,541 
701,541 
701,541 
701,541 
689.486 
688,925 
662,416 

902.626 
1,076,524 

970.266 
1 ,011.337 
1,106.277 
1,084.475 
1,106,277 
1,106,277 
1,106,277 
1,106,277 
1,066,755 
I ,064,914 

978,007 

6,105 
6.105 
5.160 
6.105 
5,421 
6,075 
6,094 
6,093 
6,041 
6.062 
5,402 
5,369 
5,535 

4,635 9,969 
5.728 11,062 
5,492 10,826 
5.728 8,332 
5.728 11.062 
5,722 11,030 
5.725 11.062 
5,718 11.062 
5,724 11,062 
5,726 11.062 
5,427 11,028 
5,413 11,026 
5,484 10,973 

MT-I 

MT-5 

MT-9 
MT-IO 

MT-I2 

MT-3 

MT-8 

MT-lla 

150,400 
240,507 
223,920 

6,138 
6,138 
6,138 

124,770 
8,967 

0 15 
0 15 
0 25 

982 10 
982 10 

0 10 
0 25 
0 25 

441,800 
331,733 
165,867 
10,785 
10,892 
7,514 

293,454 
363,654 

2,186 
1,418 

684 
22 
69 
46 

1,039 
904 

24,835 6,096 
19,917 19,435 
16,015 13,111 

697 261 
1,317 1,244 

893 838 
24,461 14,300 
26,363 11,800 

2.169 

30.931 
39,353 
29,126 

958 
2,561 
1,731 

38,761 
38,162 

314,125 
320,228 
277,647 

4.039 
32,627 
18,344 

542,721 
648,218 

3.09 
2.36 
224 
I .78 
7.33 
3.99 
5.35 

73.29 





2.14. Transmission and Distribution EROs 

Even with efficiencies near 95 % , distribution transformers represent the largest component of trans- 
mission and distribution (T&D) system energy consumption. Thus, the reduction of transformer loss is the 
primary energy resource opportunity in this section. Two additional T&D EROs, conservation voltage 
reduction and power factor correction, and a discussion of power distribution system renovations are pre- 
sented following the transformer ERO analysis. 

' 

2.14.1 Transformer EROs 

As described in Volume 2: Baseline Detail (Richman et al. 1994), transformer loss consists of both load 
and no-Ioad loss. The load loss, developed by resistive heating in the transformer windings, varies as a 
function of the load squared (an FR relationship). No-load losses are developed in the core of the trans- 
former, and are not a function of the power system load. Since average transformer loads at Fort Irwin are 
lower than the average capacities, a lot of the transformer loss is no-load. Therefore, the transformer 
energy consumption will not be affected greatly as a result of other ERO implementation throughout the 
base. 

A total of eight transformer EROs have been considered for Fort Irwin. Both retrofit and phased imple- 
mentation (replace immediately and replace-on-failure, respectively) are 'analyzed for the following options: 

Replace transformers with amorphous core transformers. 

Replace transformers with improved silicon steel core transformers. 

Replace transformers with amorphous core transformers and improved winding efficiency. 

Replace transformers with improved silicon steel core transformers and improved winding efficiency. 

The tradeoff of efficiency and cost is a major factor in the specification and construction of trans- 
formers. Transformers can be built at several efficiency levels for a given capacity size. Typical trans- 
former losses, which are representative of conventional transformer technology, are given in Volume 2 for 
transformer sizes found at Fort Irwin. 

Amorphous steel transformer cores are a relatively recent development. Transformer no-load losses can 
be reduced by about 70% when amorphous steel is used for the transformer core. However, the amor- 
phous steel is more expensive than conventional transformer core silicon steel, increasing the cost of a typi- 
cal distribution transformer by about 40% (Brooks et al. 1986). As amorphous core transformers are 
typically smaller than 1,000 kVA, this analysis only considered the amorphous core option for transformers 
less than 1,000 kVA capacity. 

Using improved silicon steel for transformer cores is another method of reducing transformer no-load 
loss. This can result in no-load loss reduction of about 25 % with a corresponding increase in transformer 
cost of 20%, as compared to a conventional transformer (Brooks et al. 1986). 

Both of the technologies described above affect only the no-load loss through the use of improved core 
materials. However, load-loss reduction is also possible by using more winding material to reduce the 
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resistance and hence the load loss of the transformer. This practice is common in the manufacture of trans- 
formers, with the tradeoff of efficiency and cost as major factors in the specification and construction of 
transformers. 

In order to determine the cost-effectiveness of each of the transformer EROs, the transformer cost, loss 
reduction potential, and the value of losses must be determined. The methodology used for estimating each 
is given below. 

Cost Estimation 

Because transformers can be specified and manufactured in many different configurations, obtaining 
costs that can be widely applied is difficult. For example, the transformer efficiency and cost is usually 
optimized for the customer’s specific cost of energy, in order to minimize the total owning cost (initial cost 
plus total value of energy loss over the life of the equipment). In order to estimate transformer cost, the 
1992 Means Electrical Cost Data was used (Means 1992a). These values were then adjusted by 3.75% to 
account for the escalation in materials and labor for 1993. Means is used by contractors for estimating the 
cost of a project, and tends to slightly overstate the actual cost of a project. This method of estimating cost 
is therefore conservative, as’it slightly overstates the cost of the project. Used in the context of this 
analysis, it is useful for estimating the cost of a contractor-installed project, since major transformer retrofit 
work would likely be performed by a contractor. 

The Means cost data was separated into material and labor categories. The material cost is the direct 
transformer cost, while the labor cost includes the. laboi, installation equipment, and contractor overhead 
and profit. These costs are given in Means for a variety of transformer types and voltages, which are 
given in Figures 2.1 and 2.2. 

Hardware cost for the large transformers (greater than 750 kVA) are given below. These costs were 
estimated using a Westinghouse transformer price list (Westinghouse Electric Corporation 1987), adjusted 
to 1992 dollars using Means historical cost data (an escalation factor of 12%). Once again, th’ese figures 
were then escalated by 3.75% to bring everything to 1993 dollars. 

69,000 
12,000 

4,160 
4,160 

12,000 2,400 

12,000 

12,000 

4160 

480 

208 

480 

Large Transformer Hardware Cost 
Primary (volts) Secondary (volts) Capacity (kVA) Cost ($ 1992) 

69,000 12,000 2,500 44,033 
3,750 48,677 
7,500 76,686 

10,000 92,373 
3,750 47,732 
2,000 23,409 
5,000 38,343 

750 16,406 
1,000 17,528 

750 16,243 
1,000 17,354 
1,500 19,579 
2,000 22,948 
2,500 25,346 

750 17,055 
1,000 

750 
1,500 

18,743 
15.529 
201068 
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The Means data shown in these two figures was used to create scaling relationships between transformer 
size and cost. The material cost data was separated into two categories: transformers with capacity less 
than or equal to 100 kVA, and transformers with capacity greater than 100 kVA and less than 750 kVA. .A 
curve fit of the data was performed for each, with the resulting equations used to estimate the cost of all 
transformers within that category. 

For transformers rated under 100 kVA, data for dry-type units with voltage rating of 240/480-120/208 
was used for the curve fit. A scaling factor of 1.2 was included to adjust the cost for distribution voltage. 
Equation 2.1 gives the material cost estimate for transformers in this size category. 

Material cost = 175 So.6o8 (dollars) (2.1) 

where S = Transformer capacity, kVA; 0 < S I 100 . 

For transformer sizes larger than 100 kVA and less than 750 kVA, the curve fit used the pad mount 
5,15 kV voltage category data. Equation 2.2 gives the hardware cost algorithm for transformers in this 
size category. 

.Material cost = 639 (dollars) (2.2) 

where S = Transformer capacity, kVA; 100 < S < 750 

All transformers have similar labor costs, which were combined into a single curve-fit and is given in 
Equation 2.3. 

Labor cost = 209 (dollars) (2.3) 

where S = Transformer capacity, kVA 

Finally, the costs are adjusted by the city cost index, which account for differences in material cost and 
labor rates for various parts of the country with respect to the national average. For the Fort Irwin area of 
California, the material cost index is 1.0 and the labor cost index is 1.1. 

While the old transformers being removed have some salvage value, this analysis assumes the benefit 
will be approximately equal to the labor demolition and disposal costs and could be subsequently ignored. 

Loss Reduction 

As mentioned previously, transformers can be specified with virtually any efficiency over a fairly broad 
range. Typical transformer losses, which are representative of conventional transformer technology, are 
given in the baseline report for transformer sizes found at Fort Irwin. 
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Amorphous core transformer no-load loss is approximately 30% of a conventional unit, with an esti- 
mated cost 1.4 times that of a conventional unit (Brooks et al. 1986). Since amorphous cores are not 
available for large transformers, it is assumed in this analysis that the amorphous core option is only . 
available for sizes of 1000 kVA or smaller. Improved silicon steel trankformers have approximately 75% 
of a conventional unit's no-load loss, and have an estimated capital cost of 1.2 times thepresent cost of a 
conventional distribution transformer (Brooks et al. 1986). For both of the above technologies, it is 
assumed that the load loss can be reduced by.20% with a 10% increase in the capital cost as compared to a 
conventional transformer, which is based calculations based on Westinghouse Electric Corporation techni- 
cal data (1981). 

Annual Energy Savings 

The annual savings of the various transformer EROs considered are calculated in a three-step process. 
First, the peak power demand reduction is calculated and multiplied by the monthly demand charges over 
the year, Second, the no-load loss reduction is multiplied by the weighted average of energy cost. Finally, 
the load-loss reduction is computed as described below. 

Since the load loss varies as a function of the square of the load, and different energy rates apply based 
on time-of-use, a detailed load consumption model has been developed for this analysis. An arbitrary load 
duration curve, shown in Figure 2.3, is assumed, and is expressed using Equation 2.4. The slope of the 
curve is determined by "a", which is a function of the load factor (average power divided by peak power). 
When "a" is zero, the power profile is flat and the load factor is equal to one. 

P=e -at 
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Figure 2.3. Weekly Load Duration Curve Used for Time-of-Loss Calculation 
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The average power is given in Equation 2.5, which is the same as the load factor since the peak power is 
normalized. 

1 

FLD = / e  
0 

(2.5) 

where Fm = Load Factor 

The factor "a" can be explicitly calculated as a function of the load factor, Fm. This transcendental 
equation was solved by iteration with a curve-fit applied to the data, which is given in Equation 2.6. 

-3.179Fm a = 10.277e 

where Fm = Load Factor; accurate over the range 0.3 I Fm I 0.8 

The average power consumed during each of the rate periods (peak, partial-peak, and off-peak) is given 
in Equations 2.7, 2.8, and 2.9, respectively, where Ti is the fraction of time when that particular rate 
applies. The total load loss for each of the rate periods is the normalized square of these averages, as 
shown in Figure 2.4. 

1 P,,(On-Peak)=-[l -e 
aT1 

1 1 -UT1 -4(T1+T2) P,,(Mid-Peak)=-[e -e 
aT2 

-e 1 -a(T*+T2) P,,(Off-Peak) =-[e 
QT3 

(2.7) 

ReSUltS 

The four transformer EROs described previously are shown below. Both replace immediately and 
replace-on-failure options have been analyzed. The complete quantitative results of this ERO appear in 
Table 2.30. This table contains specific energy, cost, and economic data related to the transformer EROs. 

Loss Red. (%) 
ERO No. Description * Cost Factor. No-Load Load 

1 Improved silicon steel core 1.2 25 0 
2 Amorphous core 1.4 70 0 
3 Improved silicon steel/windings 1.3 25 20 
4 Amorphous core/improved windings 1.5 70 20 
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Figure 2.4. Load Loss Distribution Between Rate Periods 

From Table 2.30, ERO #4 (amorphous core/improved windings) is the most cost-effective ERO for all 
transformer categories below 1,000 kVA. ERO #3 is the most cost-effective ERO for the 7,500 kVA sub- 
station transformers. 

Budget Implications. The replace immediately implementation of this ERQ is estimated to cost 
$19,305. The replace-on-failure implementations of this ERO are estimated to have a first cost of 
$3,364,580. 

Energy and Cost Savings 

The estimated annual energy savings for the replace immediately implementation of this ERO are 
16,283 kwh, for a cost savings of $1,037. The associated demand savings are estimated to be 
104 kW-months, for a cost savings of $804. 

The estimated annual energy savings for the replace-on-failure implementations of this ERO are 
1,134,891 kwh, for a cost savings of $35,276. The associated demand savings are estimated to be 
3,516 kW-months, for a cost savings of $13,235. These summarized energy and cost savings are based on 
100% implementation of all replace-on-failure options, which may not take place for several years. 
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Conclusions 

There is only one cost-effective transformer ERO where it is worth replacing operating transformers. 
The full material and labor cost investment is too high to offset the accumulated energy cost savings. How- 
ever, there is significant potential for energy savings with an aggressively pursued replace-on-failure 
strategy. Many of the existing transformers are within one year of their estimated 30-year lives. Annual 
energy savings would accrue as the new energy-efficient transformers are substituted for conventional 
transformers, with eventually the entire stock consisting of high-efficiency transformers. 

The no-load loss on a transformer is highly dependent on the size of the unit. As shown in the baseline 
report, the average transformer capacity for Fort Irwin is much greater than the actual peak load, resulting 
in much higher no-load losses at the base. The potential to reduce this loss, by using transformer sizes 
closer to the actual requirements, is discussed below. 

Transformer overload results in greater temperature rises than the unit is designed to tolerate, with the 
result of shortening the transformer life through insulation degradation. This temperature rise is dependent 
on the ambient temperature, pre-load conditions, and duration of the peak loads, which make it difficult to 
quantify. An example is that a minimum life expectancy of 20 years can be expected at 95°C and 100°C 
hot-spot temperatures for transformers rated for 55°C and 65°C rise, respectively (Gonen 1986). A more 
practical guideline is that transformers can be regularly loadkd at 150% to 200% of nominal capacity with- 
out serious reduction in insulation life (ANSIAEEE C57.92-1981). 

When practical, transformers should be sized to minimize the total owning cost estimated over the life of 
the transformer. This includes the initial hardware, installation, and the accumulated energy loss costs. 
However, considerations of projected load growth or special circumstances need to be included when deter- 
mining the size. Special considerations might include loads which are critical for Fort Irwin to perform its 
mission, which must be protected to the greatest extent practical against interruptions in electricity supply. 
This requirement wrirrants increased transformer size in exchange for enhanced reliability. 

Based on metered consumption data and the connected transformer capacity, there is most likely oppor- 
tunities to reduce transformer sizes at Fort Irwin. Not only would this result in reduced transformer energy 
consumption, but would also provide capital and labor cost savings as compared to installing transformers 
with the same capacity as before. Coupled with the energy-efficient units analyzed in this report, new 
strategies for transformer installation could result in significant cost savings. 

2.14.2 Conservation Voltage Reduction 

Energy can be saved by reducing Fort Irwin’s distribution voltage by a small amount. This approach to 
energy conservation is known as conservation voltage reduction (CVR). The magnitude of the voltage 
reduction is constrained by the requirement that service entrance voltage be maintained above the standard 
minimum (5 % below nominal) at all buildings and other loads on the distribution system. 

How a given piece of end-use equipment responds to CVR can be described in terms of input (energy 
savings), output (service provided), and service life. The most common loads (lights, fans and pumps) . 
respond with input and output reductions approximately proportional to the voltage reduction and a small 
(but hard to quantify) increase in service life. Loads controlled by feedback (refrigeration, air condition- 
ing, most electric heaters, and computers or others that involve dc power supplies) respond, on the 
average, with practically no change in service, energy consumption, or service life. 
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An aggressive CVR implementation will use feedback from the most heavily loaded transformer near the 
end of each feeder to regulate substation voltage. A milder implementation will involve simply reducing 
the main transformer setpoints or tap points at each substation by a small (typically 0.5 to 2%) fixed 
amount. An intermediate implementation is possible using an open-loop control scheme in which the 
setpoint is varied with load. 

Description 

The ERO evaluated here consists of changing the voltage tap points of the main transformers. A fixed 
voltage reduction of 1 % is appropriate for Fort Irwin because the distribution system is-not heavily loaded 
and the simple change in setpoint does not involve any increase in maintenance activity. Open- or closed- 

- loop control schemes are probably not necessary at Fort Irwin because the distribution lines and transfor- 
mers are not heavily loaded. 

Assumptions 

The technical assumptions are as follows: 

There are five 37.5-MVA transformers at the main substation.,. 

Worst-case building service entrance voltages are currently at least 1 % above the minimum 
acceptable voltage (i.e., a 1 % voltage tap point reduction is feasible). 

A load-to-voltage reduction factor of 0.85 for the transformers is assumed based on factors of 0.76 
for residential, 0.41 for industrial and 0.99 for commercial (Lovins et al. 1989, p. 296). 

Costs to implement the ERO are based on the following assumptions: 

A semi-annual check of distribution voltage is assumed to be a part of the existing preventive mainte- 
nance program. 

The labor to change the tap points initially will cost $200 per transformer; tliere are five transformers 
at the main substation. 

ReSUltS 

'The complete quantitative results of this ERO appear in Table 2.31. The table contains specific energy, 
cost, and economic performance data. 

Budget Implications. The total first cost of implementing the ERO is estimated to be $1,000. 

Energy, Demand, and Cost Savings. Annual energy savings of 613,632 k'Wh and cost savings of . 
$39,042 per year will result from this ERO. Demand savings (including kVAR costs) are estimated to be 
2,128 kW-months per year with a cost savings of $17,148 per year. . 
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2.14.3 Power Factor Correction 

Power factor correction reduces losses in the transmission system and generators of the supplying utility 
and reduces or eliminates excess reactive load charges that a large customer typically incurs each month. 
The more aggressive power factor correction measures can also reduce losses in a site’s distribution lines 
and transformers. 

Low power factors are usually due to the load current lagging the voltage (Le., to the reactive com- 
ponent of a load). The reactive component is a significant part of any motor, transformer or inductive 
ballast load. The current associated with the reactive component does not contribute to the service pro- 
vided by the load and does not result directly in a power demand. However, indirect power consumption 
due to resistance (I‘R) loss occurs in the T&D system. 

A lagging power factor can be corrected (brought closer to unity power factor) by installing capacitors. 
Power factor correcting capacitors are most effective when installed at each load that has a reactive com- 
ponent. Power-factor corrected inductive ballasts are the most common implementation of this approach. 
However, it is generally not economical to retrofit capacitors to each load because of the high cost per 
load. The practical alternative implementations are 1) service entrance capacitors (advantage: reduced 
transformer loss), 2) capacitors on primary and secondary of each distribution transformer (eliminates most 
of the excitation current with fixed capacitors), 3) at the substation (most economical place to install 
switched banks or modulating reactors), and 4) distributed along feeder lines. 

.Description 

Only the simplest implementations are considered here because the site’s reactive loads are expected to 
change significantly with implementation of other electric EROs. Power correction by fixed capacitors at 
the substation will reduce losses in the main transformers that result from lagging power factor but will not 
affect the corresponding losses in the rest of the site’s distribution system. More importantly, these imple- 
mentations will reduce losses in the transmission and generation system and eliminate the excess reactive 
load charges that Fort Irwin has been paying monthly. 

The option analyzed for power factor correction at Fort Iruiin was to size the capacitors to correct the 
power factor to 1 (unity). This option will remove the monthly excess reactive load charge by completely 
correcting the power factor, giving slightly lower losses in the main transformers as well. 

Assumptions 

The technical assumptions are as follows: 

The ratio of reactive baseload to reactive peak load is taken to be 0.5 (Le., equal to the ratio of real 
power baseload to peak load that has been observed in a year of continuous power monitoring at the 
site). 

The largest monthly peak reactive and excess reactive loads at Fort Irwin were 9 WAR. 
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Losses at the main transformers due to poor power factor, calculated as part of a similar study for Fort 
Drum, NY, are as follows: 0.2172 kwh saved per actual kVAR and 0.000388 kW pel' actual kVAR. It 
is assumed that these losses (when weighted for actual kVARs) provide reasonable estimates of the . 
losses that occur in substation transformers of the type typically found on military bases. 

Cost estimates are based on the following data. 

Labor and material costs of the ERO weans, manufacturers, 1992~1 are as follows: 

Annualized 
ERO Item Material . Labor Total O&M Cost 

Description ($/WAR) ($/MvAR) ($mm ($/Yr) 
9 kV Static ,2,815 695 3,5 10 0.2 % 

The complete quantitative results of this ERO appear in Table 2.31. The table contains specific energy, 
cost, and economic performance data. 

.J 

Budget Implications. The total first cost of implementing the ERO is estimated to be $31,590. 

Energy, Demand and Cost Savings. Annual energy savings of 15,454 kWh and cost savings of $983 
per year will result from this ERO. Demand savings are estimated to be 1,476 kW-mo and 71,150 excess 
WAR-mo per year, corresponding to a cost savings of $22,677 per yeq. 

Operation and Maintenance. There is a finite probability of equipment failure during the nominal life 
of the power factor correction equipment. The product of failure probability and replacement cost is 
reflected in the O&M cost estimate. 

2.14.4 Power Distribution Equipment Renovations 

The following section discusses potential energy savings due to improvements in the power distribution 
system. The analysis was completed at the request of the Fort Irwin energy manager. 

A large amount of electricity and electric capacity is delivered throughout the electrical distribution 
system at Fort Irwin. This creates a natural potential for energy savings. The quality, type, and capacity 
of distribution lines, connections and transformer equipment can have a major effect on the amount of line 
and equipment losses throughout the system. Losses associated with transformer equipment are analyzed 
and discussed in Section 2.14.1. Other potential savings may be available in the quality and layout of 
connections and other equipment. 
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One currently available renovation system consists of the cleaning of contacts, balancing of panel 
distributions, and installing control equipment to de-energize unneeded areas. This system is operated on a 
lease basis that derives payment from a savings estimation prepared by the installing company. The 
estimation is prepared by the installing company after inspecting utility bills and the power distribution 
system. No other information or examples of current installations was available prior to the finalization of 
this report. 

The proposed renovations appear to be generally maintenance-oriented. Installed equipment is retained 
on a temporary basis and is removed if leases are not continued. Without additional information on the 
actual technologies applied and examples of the savings estimation process, it is inappropriate to 
recommend the pursuit of this type of system renovation. 
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Table 2.30. Transformer EROs 

txisting tquipment C haraderisilics tnergy Demand 
Year NoLoad Load A nnual Summer I Winler Summer I Winler 

Size Number Installed Loss Loss Total On-Peak Mid-Peak 011 -Peak' Mid-Peak Off -Peak On-Peak Mid-Peak Mid-Peak 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
'36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Traniformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 

5 
10 
10 
10 
10 
10 
10 
10 
10 
15 
15 
15 
15 
15 
15 
15 
15 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 
37.5 

45 
45 
45 
50 
50 
50 
50 
50 
50 
50 
50 

1 
1 
1 
1 
1 
3 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 
3 
1 
I 
1 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 
3 

2 
13 
9 
3 
2 

18 
12 
14 
3 

15 
8 

13 
15 
6 
6 

11 
18 
4 
6 
4 

31 
18 
6 
3 
3 
6 

18 
6 

'1 2 
18 
5 
6 
3 
3 
2 
3 
6 
6 
7 
2 
4 

37 
8 

17 
6 
3 
6 
2 
3 

1 973 
1963 
1 973 
1983 
1 973 
1973 
1963 
1963 
1963 
1983 
1973 
1963 
1973 
1963 
1983 
1963 
1973 
1963 
1973 
1983 
1963 
1973 
1983 
1963 
1973 
1983 
1 973 
1983 
1963 
1 973 
1983 
1963 
1973 
1983 
1963 
1983 
1963 
1983 
1963 
1973 
1983 
1963 
1 973 
1983 
1963 
1973 
1983 
1963 
1 973 

41 
68 
68 
68 
68 
88 
88 
68 
68 
84 
84 
84 

106 
106 
106 
84 
87 

118 
118 
118 
149 
149 
149 
118 
118 
118 
118 
118 
166 
166 
166 
198 
198 
198 
166 
166 
166 
166 
223 
223 
223 
185 
185 
185 
246 
246 
246 
185 
185 

103 
136 
136 
136 
136 
247 
247 
136 
136 
198 
198 
198 
280 
280 
280 
198 
198 
304 
304 
304 
430 
430 
430 
304 
304 
304 
304 
304 
404 
404 
404 
585 
585 
585 
404 
404 
404 
404 
683 
683 
683 
535 
535 
535 
734 
734 
734 
535 
535 

952 73 
9,753 724 
6,752 501 
2,251 167 
1,500 111 

18,926 1 1,487 
12,617 991 
10.503 
2:251 

14,412 
7,686 

12,490 
18,700 
7,480 
7,480 

10,569 
17,767 
5,516 
8,274 
5,516 

55,604 
32,286 
10,762 
4,137 
4,137 

' 8,274 
24,822 
8,274 

22,958 
34,436 
9,566 

14,394 
7,197 
7,197 
3,826 
5,739 

1 1,479 
1 1,479 
19,105 
5,459 

10,917 
82,447 
17,826 
37,881 
17,932 
8,966 

17,932 
4,457 
6,685 

780 
167 

1,099 
586 

' 952 
1,454 

582 
582 
806 

1,347 
427 
641 
427 

4,391 
2,549 
8% 
320 
320 
641 

1,922 
641 

1,760 
2,640 

733 
1,141 

571 
571 
293 
440 
880 
880 

1,525 
436' 
871 

631 3 
1,408 
2,992 
1,424 

71 2 
1,424 

352 
528 

101 
1,008 

698 
233 
155 

2,034 
1,356 
1,085 

233 
1,517 

809 
1,315 
1,995 

798 
798 

1,112 
1,862 

587 
880 
587 

5,997 
3,482 
1,161 

440 
440 
880 

2,640 
880 

2,425 
3,638 
1,Ol I 
1,557 

778 
778 
404 
606 

1,213 
I ,213 
2,076 

593 
1,186 
8,894 
1,923 
4,086 
1,942 

971 
1,942 

481 
721 

183 
1,862 
1,289 

430 
286 

3,649 
2,432 
2005 

430 
2,764 
1,474 
2,395 
3,598 
1,439 
1,439 
2,027 
3,404 
1,061 
1,591 
1,061 

10,729 
6,230 
2,077 

795 
795 

1,591 
4,773 
1,591 
4,407 
6,610 
1,836 
2,779 
1,390 
1,390 

734 
1,102 
2,203 
2,203 
3,693 
1,055 
2,110 

15,909 
3,440 
7,310 
3,464 
1,732 
3,464 

860 
1,290 

245 
2,512 
1,739 

580 
387 

4,874 
3,249 
2,70 

580 
3,712 
1,980 
3,217 
4,816 
1,926 
1,926 
2,722 
4,576 
1,421 
2,131 
1,421 

14,318 
8,314 
2,771 
1,065 
1,065 
2,131 
6,393 
2,131 
5,913 
8,869 
2,464 
3,706 
1,853 
1,853 

985 
1,478 
2,956 
2,956 
4,9! 9 
1,405 
2,811 

21,230 
4,590 
9,754 
4,617 
2,309 
4,617 
1,148 
1,721 

350 
3.647 
2,525 

842 
561 

6,883 
4,588 
3,927 

842 
'5,320 
2,838 
4,611 
6,837 
2,735 
2,735 
3,902 
6,578 
2,021 
3,032 
2,021 

20,169 
11,711 
3,904 
131 6 
131 6 
3,032 
9,095 
3,032 
8,453 

12,679 
3,522 
5,210 
2,605 
2,605 
1,409 
2,113 
4,226 
4,226 
6,892 
1,969 
3,938 

29,901 
6,465 

13,738 
6,484 
3,242 
6,484 
1,616 
2,424 

1 
11 
7 
2 
2 

24 
16 
12 
2 

17 
9 

15 
23 
9 
9 

13 
21 
7 

10 
7 

73 
42 
14 
5 
5 

10 
31 
10 
28 
41 
12 
19 
9 
9 
5 
7 

14 
14 
26 
7 

15 
108 
23 
49 
24 
12 
24 
6 
9 

1 
10 
7 
2 
2 

22 
15 
11 
2 

16 
8 

14 
21 
9 
9 

12 
19 
6 
9 
6 

66 
39 
13 
5 
5 
9 

28 
9 

25 
38 
11 
17 
9 
9 
4 
6 

13 
13 
23 
7 

13 
99 
21 
45 
22 
11 
22 
5 
8 

2 
17 
12 . 
4 
3 

37 
25 
18 
4 

26 
14 
23 
36 
14 
14 
19 
32 
10 
16 
10 

110 
64 
21 
8 
8 

16 
47 
16 
43 
64 
18 
29 
14 
14 
7 

11 
21 
21 
39 
11 
22 

163 
35 
75 
36 
18 
36 
9 

13 



Table 2.30. (contd) 

txisling tquipmenl Characlerisilics Energy Demand 
Year NoLoad Load A nnual Summer I .  w inter Summer I Winler 

Size Number Installed Loss Loss Total On-Peak Mid.Peak Off -Peak Mid-Peak OK -Peak On-Peak Mid-Peak Mi&Peak 
IO , Oesuiplion . (kVA) , Phase . ofUnils , (Year) , (W atis) , (Walls) , (kWNyr) , (kWNyr) , (kWNyr) , (kWh/yr) , (kWNyr) , (kWNyr) (kW-mo) , (kW-mo) , (kW-mo) , 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer. 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 

50 
50 
50 
75 
75 
75 
75 
75 
75 

100 
100 
100 
100 
100 
100 
100 
100 
100 

112.5 
112.5 
112.5 

150 
150 
167 
167 
167 
225 
225 
300 
300 
300 
300 
500 
500 
500 
750 
759 

7,500 

3 
3 
3 
1 
1 
1 
3 
3 
3 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

7 
3 
6 

13 
16 
23 
10 
3 
3 

12 
6 

11 
3 
3 
3 
2 

. 3  
3 
2 
1 
1 
2 
1 

~8 
1 
3 
3 
1 
4 
1 
2 
1 
1 
4 
5 
1 
1 
5 

1963 
1973 
1983 
1963 
1973 
1983 
1973 
1983 
1973 
1963 
1973 
1983 
1963 
1973 
1983 
1963 
1983 
1963 
1983 
1963 
1983 
1963 
1983 
1983 
1963 
1983 
1983 
1973 
1983 
1983 
1983 
1963 
1983 
1963 

1973 
1983 
1973 

i 983 

234 748 
234 748 
234 748 
285 700 
285 700 
285 700 
360 990 
360 990 
360 990 
355 920 
355 920 
355 920 
445 1,130 
445 1,130 
445 1,130 
355 920 
473 11,130 
416 798 
530 1,270 
530 1,270 
530 1,270 
560 1,690 
560 1,690 
500 1,600 
500 1,600 
633 3,212 
880 2,420 
880 2,420 

1,050 3,250 
749 3.202 

1,050 3;250 
1,050 3,250 
1,600 5,200 
1,600 5,200 
1,600 5,200 
1,800 7,600 
1,800 7,600 

11,600 50,600 

20,296 
8.698 

17,396 
42,794 
52,670 
75,712 
42,782 
12,835 
12,835 
49,859 

‘24,930 
45,704 
15,546 
15,546 
15,546 
8,310 

50,328 
13,653 
12,171 
6,086 
6,086 

13,650 
6,825 

49,578 
6,197 

27,576 
31,373 
10,458 
51,558 
10,197 
25,779 
12,889 
19,922 
79,688 
99,610 
24,398 
24,398 

795,373 

1,632 
700 

1,399 
3,286 
4,044 
5,813 
3,350 
1,005 
1,005 
3,864 
1,932 
3,542 
1,200 
1,200 
1,200 

644 
5,692 
1,007 

931 
465 
465 

1,087 
543 

3,989 
499 

2,421 
2,456 

819 
4,123 

866 
2,061 
1,031 
1,607 
6,429 
8,036 
2,068 
2,068 

67,828 

2,218 
950 

1,901 
4,526 
5,570 
8,007 
4,586 
1,376 
1,376 
5,307 
2,653 
4,864 
1,651 
1,651 
1,651 

884 
7,077 
1,404 
1,283 

642 
642 

1,480 
740 

5,418 
677 

3,208 
3,363 
1,121 
5,610 
1,158 
2,805 
1,402 
2,181 
8.725 

10,907 
2,767 
2,767 

90,600 

3,929 
1,684 
3,368 
8,217 

10,113 
14,538 
8,242 
2,473 
2,473 
9,589 
4,794 
8,790 
2,988 
2,988 
2,988 
1,598 

10,454 
2,604 
2,335 
1,168 
1,168 
2,638 
1,319 
9,598 
1,200 
5,426 
6,044 
2,015 
9,971 
1,994 
4,985 
2,493 
3,859 

15,435 
19,294 
4,769 
4,769 

155,640 

5,226 
2,240 
4,479 

11,021 
13,565 
19,500 
11.017 
3,305 
3,305 

12,840 
6,420 

1 1,770 
4,004 
4,004 
4,004 
2,140 

12,923 
3,517 
3,135 
1,567 
1,567 
3,515 
1,757 

12,765 
1,596 
7,096 
8,079 
2,693 

13,275 
2,625 
6,638 
3,319 
5,129 

20,517 
25,646 
6,280 
6,280 

204,702 

7,291 
3,125 
6,250 

15,744 
19,378 
27,855 
15,586 
4,676 
4,676 

18,260 
9,130 

16,738 
5,703 
5,703 
5,703 
3,043 

14,182 
5,120 
4.487 
2,244 
2,244 
4,931 
2,465 

17,809 
2,226 
9,425 

11,430 
3,810 

18,579 
3,554 
9,290 
4.645 
7,145 

28,582 
35,727 
8,516 
8,516 

276,603 

28 
12 
24 
52 
64 
92 
55 
16 
16 
62 
31 
57 
19 
19 
19 
10 

15 
15 
7 
7 

18 
9 

68 
8 

47 
40 
13 
70 
16 
35 
17 
27 

110 
1 37 
38 
38 

,258 

141 . 

25 
11 
22 
48 
59 
84 
50 
15 
15 
57 
28 
52 
18 
18 
18 
9 

126 
14 
13 
7 
7 

17 
8 

62 
8 

42 
37 
12 
64 
15 
32 
16 
25 

100 
126 
35 
35 

1,142 

42 
18 
36 
80 
98 

141 
83 
25 
25 
95 
47 
87 
29 
29 
29 
16 

195 
23 
22 
11 
11 
28 
14 

102 
13 
68 
61 
20 

105 
24 
52 
26 
41 

165 
207 
56 
56 

,853 



ERO tqupment Charaderisitics k n e w  . Demand 
NoLoad Load Annual summer I Winter Summer I Winter 

-Peak MiC-Peak 011 -Peak 0 n-Peak M S e a k  Mid-Peak Loss Loss Total On-Peak Mid-Peak 011 
ID ERO Description (Watts) (Watts) (kWWr) (kWyr) (kWhEyr) (kWWr) (kWWr) (kWMyr) (kW-mo) (kW-mo) (kW-mo) 



Table 2.30. (contd) 

Transformer ERO Operating Parameters 
uipment Charaderisilics Uemand 

Summer I Winter 

ID 
52a Improved Silicon Steel (No Load Loss Reduction) 176 748 14,321 1,216 1,626 2,800 3,686 4,993 22 m 33 

54a Improved Silicon Steel (No Load Loss Redudion) 214 700 42,680 3,448 4,678 8,269 10,988 15,296 59 54 89 
55a Improved Silicon Sleet (No Load Loss Redudion) 214 700 61,352 4,957 6,724 11,887 15,796 21,989 85 78 128 

53a Improved Silicon Steel (No Load Loss Redudion) 214 700 34,677 2,802 3,801 6,719 8,928 12,428 48 44 72 

56a Improved Silicon Sleel (No Load Loss Redudion) 270 990 34,895 2,879 3,882 6,787 8,983 12,365 51 46 76 
57a Improved Silicon Sleet (No Load Loss Redudion) 270 990 10,469 864 1,165 2,036 2,695 3,709 15 14 23 
58a Improved Silicon Sleel (No Load Loss Redudion) 270 990 10,469 864 1,165 2,036 2,695 3,709 15 14 23 
59a Improved Silicon Steel (No Load Loss Redudion) 266 920 40,527 3,307 4,473 7,866 10,433 14,447 58 52 86 

62a Improved Silicon Steel (No Load Loss Redudion) 334 1,130 12,621 1,026 1,389 2,448 3,249 4,509 18 16 27 
63a Improved Silicon Sleel (No Load Loss Reduction) 334 1,130 12,621 1,026 1,389 2,448 3,249 4,509 18 16 27 
64a Improved Silicon Steel (No Load Loss Reduction) 334 1,130 12,621 1,026 1,389 2,448 3,249 4,509 18 16 27 
65a Improved Silicon Steel (No Load Loss Reduction) 266 920 6,754 551 ’ 746 1,311 1,739 2,408 10 9 14 
66a Improved Silicon Steel (No Load Loss Redudion) 355 11,130 47,219 5,507 6,800 9,880 12,121 12,912 140 124 192 

68a Improved Silicon Steel (No Load Loss Redudion) 398 1,270 9,849 

71a Improved Silicon Sleel (No Load Loss Redudion) 420 1,690 11,197 940 1,261 2,185 2,882 3,929 17 16 25 
72a Improved Silicon Sleet (No Load Loss Redudion) 420 1,690 5,598 470 631 1,092 1,441 1,964 9 8 13 

75a Improved Silicon Steel (No Load Loss Reduction) 475 3,212 23,416 2,173 2,837 4,658 6,023 7,725 45 40 64 

77a Improved Silicon Steel (No Load Loss Redudion) 660 2,420 8,530 

6Oa Improved Silicon Sleel (No Load Loss Reduction) . 266 920 20,263 1,653 2,237 3,933 5,217 7,224 29 26 43 
61a Improved Silicon Steel (No Load Loss Redudion) 266 920 37,149 3,031 4,100 7,210 9,564 13,243 53 48 79 

67a Improved Silicon Steel (No Load Loss Reduction) 312 798 10,919 844 1,160 2,099 2,812 4,003 13 12 21 
792 1,076 1,907 2,536 3,538 13 12 m 

69a Improved Silicon Steel (No Load Loss Redudion) 398 1,270 4,925 396 538 953 1,268 1,769 7 6 10 
70a Improved Silicon Steel (No Load Loss Redudion) 398 1,270 4,925 396 538 953 1,268 1,769 7 6 10 

7 3  ImprovedSilicon Sleet (No Load Loss Redudion) 375 1,600 40,815 3,466 4,635 7,980 10,505 14,229 64 58 94 
74a Improved Silicon Sleet (Ho Load Loss Reduction) 375 1,600 5,102 433 579 998 1,313 1,779 8 7 12 

76a Improved Silicon Steel (No Load Loss Redudion) 660 2,420 25,590 2,111 2,847 4,977 6,587 9,067 37 34 56 
704 949 1,659 2,196 3,022 12 11 19 

78a ImprovedSilicon Sleel (No Load Loss Redudion) 788 3,250 42,357 3,574 4,788 8,272 10,902 14,821 65 59 97 
79a Improved Silicon Steel (No Load Loss Redudion) 562 3,202 8,556 768 1,012 1,691 2,201 2,884 15 14 22 
8Oa Improved Silicon Steel (No Load Loss Reduction) 788 3,250 21,178 1,787 2,394 4,136 5,451 7,410 33 30 48 

82a Improved Silicon Steel (No Load Loss Redudion) 1,200 5,200 16,417 1,398 1,868 3,212 4,225 5,713 26 24 38 
84a Improved Silicon Sleet (No Load Loss Redudion) 1,200 5,200 82,084 6,991 9,342 16,059 21,126 28,567 129 118 191 
85a Improved Silicon Steel (No Load Loss Redudion) 1,350 7,600 20,455< 1,832 2,415 4,041 5,263 6,905 36 33 53 
86a Improved Silicon Steel (No Load Loss Reduction) 1,350 7,600 20,455 1,832 2,415 4,041 5,263 6,905 36 33 53 

1 c Amorphous Core (No Load Loss Redudion) 12 103 , 449 43 56 90 116 144 1 1 I 
2c Amorphous Core (No Load Loss Redudion) 20 136 4,330 401 523 861 1,114 1,431 8 7 12 
3c Amorphous Core (No Load Loss Redudion) 20 136 2,998 277 362 596 771 991 6 5 8 
4c Amorphous Core (No Load Loss Redudion) 20 136 999 92 121 199 257 330 , 2 2 3 
5c Amorphous Core (No Load Loss Redudion) 20 136 666 62 81 132 171 220 1 1 2 
6c Amorphous Core (No Load Loss Reduction) 26 247 9,210 908 1,166 1,855 2,368 2,913 20 18 28 
7c Amorphous Core (No Load Loss Reduction) 26 247 6,140 605 778 1,237 . 1,578 1,942 13 12 19 

9c Amorphous Core (No Load Loss Redudion) 20 136 999 92 121 199 257 330 2 2 3 
1Oc Amorphous Core (No Load Loss Reduction) 25 198 6,683 638 827 1,337 1,719 2,163 14 12 19 
1 l c  Amorphous Core (No Load Loss Reduction) 25 198 3.564 340 441 71 3 917 1,154 7 7 10 

14c Amorphous Core (No Load Loss Redudion) 32 280 3,579 349 450 71 9 920 1,141 8 7 11 
1% Amorphous Core (No Load Loss Reduction) 32 280 3,579 349 450 71 9 920 1,141 8 7 11 

8la Improved Silicon Steel (No Load Loss Redudion) 788 3,250 10,589 893 1,197 2,068 2,725 3,705 16 15 24 

83a Improved Silicon Steel (No Load Loss Redudion) 1,200 5,200 65,667 5,593 7,473 12,847 16,901 22,854 104 94 153 

87a Improved Silicon Steel (No Load Loss Reduction) 8,700 50,600 668,311 60,249 79,253 132,184 171,931 224,694 1.200 1,084 1,737 

8c Amorphous Core (No Load Loss Reduction) 20 136 4,663 432 564 927 1,199 1,541 9 8 13 

12c Amorphous Core (No Load Loss Redudion) 25 198 5,792 553 716 1,159 1,489 1,874 12 11 17 
13c Amorphous Core (No Load Loss Redudion) 32 280 8,946 872 1,124 1.798 2,300 2,853 19 17 27 



Table 2.30. (contd) 

t HU tquipment Charaderisilics tnergy Demand 
NoLoad Load Annual Summer I Winter Summer I Winter 

Loss Loss Total OnPeak Mid-Peak off -Peak Mid-Peak Mf -Peak OnPeak Mid-Peak Mid-Peak 

i 

ID ERO Description (Watts) (Watts) (kWNyr) (kwhlyr) (kwhlyr) (kWMyr) (kwhlyr) (kWh/yr) (kW-mo) (kW-mo) (kW-mo) 



Table 2.30. (contd) 

tKU t q  uipment Characterisitics tnergy Demand 
NoLoad Load Annual Summer I Winter Summer 1 Winler 

Loss Loss Total On-Peak Mid-Peak On -Peak Mid-Peak Ut -Peak On-Peak Mid-Peak Mid-Peak 

67c 
68c 
69c 
7oc 
?l  c 
72c 
73c 
74c 
7% 
76c 
77c 
7ac 
79c 
8oc 
81 c 
82c 
83c 
84C 
85c 
86c 
l e  
2e 
3e 
4e 
5e 
6e 
7e 
ae 
9e 
1Oe 
l i e  
12e 
13e 
14e 
15e 
16e 
17e 
18e 
19e 
2oe 
21 e 
22e 
23e 
24e 
25e 
26e 
27e 
28e 
29e 
3oe 
31 e 

Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Reduction) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Redudion) 
Amorphous Core (No Load Loss Redudion) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
hprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeWVindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load 8 Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load 8 Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeWVindings (No Load & Load Loss Rddn) 
ImpNd Silicon SteeVWindings (No Load 8 Load Loss Rddn) 
lmpNd Silicon SteeVWindings (No Load 8 Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load 8 Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load 8 Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SteeVWindings (No Load & Load Loss Rddn) 
lmprvd Silicon SleeVWindings (No Load & Load Loss Rddn) 

, 

125 
159 
159 
159 
168 
168 
150 
150 
190 
264 
264 _. 

31 5 
225 
315 
315 
480 
480 
480 
540 
540 
31 
51 
51 
51 
51 
66 
66 
51 
51 
63 
63 
63 
80 
80 
80 
63 
65 
89 
89 
89 

112 
112 
112 
89 
89 
89 
89 
89 
I 25 
125 
1 25 

798 
1,270 ' 

1,270 
1,270 
1,690 
1,690 
1,600 
1,600 
3,212 
2,420 
2,420 
3,250 
3,202 
3,250 
3,250 
5,200 
5,200 
5,200 
7,600 
7,600 

82 
109 
109 
109 
109 
198 
198 
109 
109 
158 
158 
158 
224 
224 
224 
158 
158 
243 
243 
243 
344 
344 
344 
243 
243 
243 
243 
243 
323 
323 
323 

5,998 
5,669 
2,835 
2,835 
6,780 
3,390 

25,042 
3,130 

15,928 
15,179 
5,060 

25,795 
5,603 

12,897 
6,449 

10,108 
40,430 
50,538 
13,357 
13,357 

726 
7,415 
5,133 
1,71 I 
1,141 

14,447 
9,631 
7,985 
1,711 

10,977 
5,855 
9,514 

14,263 
5,705 
5,705 
8,050 

13,528 
4,206 
6,309 
4,206 

42,459 
24,654 
8,218 
3,155 
3,155 
6,309 

18.927 
6,309 

17,493 
26.240 
7,289 

551 
543 
271 
271 
677 
338 

2,525 
31 6 

1,727 
1,490 

497 
2,586 

592 
1,293 

647 
1 ,on 
4,088 
5,109 
1,409 
1,409 

57 
556 ... 

385 
128 
86 

1,148 
766 
599 
128 
846 
451 
733 

1,121 
449 
449 
621 

1,037 
329 
494 
329 

3,392 
1,969 

656 ~~~ 

247 
247 
494 

1,482 
494 

1,356 
2,034 
565 

721 
703 
351 
351 
867 
433 

3,226 
403 

2,168 
1,917 

639 
3,309 

748 
1,655 

827 
1,305 
5,220 
6,524 
1,781 
1,781 

78 
772 
534 
1 78 
119 

1,565 
1,044 

831 
1 78 

1,164 
621 

1,009 
1,534 

61 3 
61 3 
854 

1,429 
451 
676 
451 

4,617 
2,681 

894 
338 
338 
676 

2,029 
676 

1,862 
2,793 

776 

1,191 
1,135 

568 
568 

1,369 
685 

5,069 
634 

3,276 
3,055 
1,018 
5,215 
1 ,I 46 
2,607 
1,304 
2,047 
8,188 

10,235 
2,730 
2,730 

140 
1,418 

982 
' 327 

21 8 
2,791 
1,861 
1,527 

327 
2,109 
1,125 
1,828 
2,750 
1,100 
1,100 
1,547 
2,597 

810 
1,216 

810 
8,210 
4,767 
1,589 

608 
608 

1,216 
3,647 
1,216 
3,364 
5.047 
1,402 

1,543 
1,458 

729 
729 

1,743 
871 

6,437 
805 

4,091 
3,902 
1,301 
6,630 
1,440 
3,315 
1,658 
2,598 

10,392 
12,990 
3,432 
3,432 

187 
1,910 
1,322 

441 
294 

3,720 
2,480 
2,057 

441 
2,827 
1,508 
2,450 
3,673 
1,469 
1,469 
2,073 
3,484 
1,083 
1,625 
1 s o 8 3  

10,932 
6,348 
2,116 

81 2 
81 2 

1,625 
4,874 
1,625 
4,505 
6,758 
1,877 

1,993 
1,831 

91 5 
91 5 

2,124 
1,062 
7,785 

973 
4,666 
4,814 
1,605 
8,054 
1,677 
4,027 
2,014 
3,136 

12,543 
15,679 
4,005 
4,005 

265 
2,759 
1,910 

637 
424 

5,223 
3,482 
2,971 

637 
4,031 
2,150 
3,493 
5,185 
2,074 
2,074 
2,956 
4,982 
1,532 
2,299 
1,532 

15,309 
8,889 
2,963 
1,149 
1,149 
2,299 
6,896 
2,299 
6,406 
9,608 
2,669 

11 10 
12 10 
6 5 
6 5 

15 14 
8 7 

57 51 
7 6 

41 37 
33 29 
11 10 
58 52 
14 12 
29 26 
14 13 
23 21 
92 83 

115 103 
33 30 
33 30 
1 1 
8 8 
6 5 
2 2 
,I 1 
19 18 
13 12 
9 .  8 
2 2 '  

13 12 
7 - 7  

12 11 
18 17 
7 7 
7 7 

10 9 
16 15 
5 5 
8 7 
5 5 

57 52 
33 30 

10 11 
4 4 
4 4 
8 .  7 

24 22 
8 7 

22 20 
33 30 
9 8 

16 
16 
8 
8 

21 
11 
80 
10 
57 
46 
15 
81 
19 
41 
20 
32 

130 
162 
46 
46 
1 

13 
9 
3 
2 

29 
19 
14 
3 

21 
11 
18 
28 
11 
11 
15 
25 
8 

12 
8 
86 
50 
17 
6 
6 

12 
37 
12 
33 
50 
14 



Table 2.30. (contd) 

ID 

I 
7 tKO t q  uipment Charadensilics Energy Demand 

NoLoad Load Annual Summer I Winter Summer I Winter 
Loss Loss Total -Peak OnPeak Mid-Peak Mid-Peak 

ERO Description (walls) (walls) (kWtu'yr) (kW-mo) (kW-mo) 



Table 2.30. (contd) 

tKO t q  uipment Characlerisitics tnergy Uemand 

Loss Loss Total On-Peak Mid.Peak 011 -Peak MiWeak Oft -Peak On-Peak Mic!-Peak 
NoLoad Load Annual Summer I Winter Summer I Winter 

ID ERO Description (Watts) (Watts) 
83e lmpnrd Silicon SleeWindings (No Load & Load Loss R a n )  
84e lmprvd Silicon SteeWindings (No Load & Load Loss Rdcln) 
85e lmprvd Silicon SteellWindings (No Load& Load Loss Rdcln) 
86e lmprvd Silicon SleeVWindings (No Load& Load Loss Rdcln) 
87e ImpNd Silicon SteellWindings (No Load& Load Loss Rdcln) 
l g  Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
29 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
39 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
49 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
5g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
6g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
7g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) ' 
@g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
9g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
109 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
1 l g  Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
129 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
139 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
149 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
15g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
1% Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
179 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
189 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
19g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
209 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
21g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
22s Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
239 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
249 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
259 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn). 
269 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
279 Amorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
289 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
29g Amorph. CordmpNd Windings (No Load 8 Load Loss Rddn) 
3Ug Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
319 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
329 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
33g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
349 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
359 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
3Eg Amorph. CoreJlmprvd Windings (No Load & Load Loss Rddn) 
37g Amorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
3J2g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
399 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
409 Amorph. Cordmprvd Windings (No Load & Load Loss R&n) 
419 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
429 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
439 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
449 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
459 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
469 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 

(kWhlyr) (kWhlyr) (kWh/yr) (kWh/yr) (kWNyr) (kWhlyr) (kW-mo) (kW-mo) (kW-mo) 
1,200 
1 ,200 
1,350 
1,350 
8,700 

12 
20 
20 
20 

26 
26 
20 
20 
25 
25 
25 
32 
32 
32 
25 
26 
35 
35 
35 
45 
45 
45 
35 
35 
35 
35 
35 
50 
50 
50 
59 
59 
59 
50 
50 
50 
50 
67 
67 
67 
56 
56 
56 
74 
74 

20 

109 
109 
109 
198 
198 
109 
109 
158 
158 
158 
224 
224 
224 
158 
158 
243 
243 
243 
344 
344 
344 
243 
243 
243 
243 
243 
323 
323 
323 
468 
468 
468 
323 
323 
323 
323 
546 
546 
546 
428 
428 
428 
507 
507 

4,160 60,946 
4,160 76,183 
6,080 18,730 
6,080 18,730 

40,480 610,886 
82 403 

109 3,929 
2.720 

907 
604 

8,201 
5,467 
4,231 

907 
6,009 
3,205 
5,208 
7,993 
3,197 
3,197 
4,406 
7,353 
2,345 
331 7 
2,345 

24,245 
14,078 
4,693 
1,759 
1,759 
331 7 

10,552 
3,517 
9,638 

14,457 
4,016 
6,310 
3,155 
3,155 
1,606 
2,410 
4,819 
4,819 
8.444 
2,413 
4,825 

35,967 
7,777 

16,525 
7,879 
3,939 

4,976 
6,220 
1,607 
1,607 

52,747 
37 

348 
241 
80 
54 

776 
51 7 
375 
80 
550 
293 
477 
748 
299 
299 
403 
668 
218 
327 
21 8 

2,305 
1,339 

446 
164 
164 
327 
982 
327 
887 

1,331 
370 
603 
301 
301 
148 
222 
444 
444 
812 
232 
464 

3,421 
740 

1,572 
754 
377 

6,730 
8,41 2 
2,143 
2,143 

70,211 
49 

460 
31 9 
106 
71 

1,007 
672 
496 
106 
720 
384 
624 
974 
389 
389 
528 
877 
285 
427 
285 

2,990 
1,736 

579 
21 3 
21 3 
427 

1,281 
427 

1,161 
1,741 

484 
781 
390 
390 
193 
290 
580 
580 

1,050 
300 
600 

4,437 
959 

2,039 
976 
488 

11,830 
14,788 
3,669 
3,669 

119,821 
80 

775 
536 
179 
119 
,638 
,092 
834 
179 
,192 
636 
,033 
,593 
637 
637 
874 
,457 
467 
700 
467 

4,847 
2,814 

938 
350 
350 
700 

2,100 
700 

1,914 
2,871 

798 
1,263 

631 
631 
31 9 
479 
957 
957 

1,692 
483 
967 

7,191 
1,555 
3,304 
1,577 

789 

15,690 
19,613 
4,820 
4,820 

157,207 
104 

1,011 
700 
233 
156 

2,109 
1,406 
1,089 

233 
1,546 

824 
1,340 

822 
822 

1,133 
1,891 

603 
905 
603 

6,235 
3,620 
1,207 

452 
452 
905 

2,714 
905 

2,479 
3,719 
1,033 
1,623 

81 1 
81 1 
41 3 
620 

1,240 
1,240 
2,171 

620 
1,241 
9,249 
2,000 
4,250 
2,026 
1,013 

2,056 

21,720 
27,150 
6,490 
6,490 

210,900 
133 

1,335 
924 
308 
205 

2,671 
1,781 
1,438 

308 
2,001 
1,067 
1,734 
2,624 
1,049 
1,049 
1,467 
2,459 

772 
1,158 

772 
7,868 
4,568 
1,523 

579 
579 

1,158 
3,474 
1,158 
3,197 
4,795 
1,332 
2,041 
1,021 
1,021 

533 
799 

1,598 
1.598 
2,719 

777 
1,554 

11,668 
2,523 
5,361 
2,546 
1,273 

87 
108 
30 
30 

995 
1 
7 
5 
2 
1 

16 
11 
7 
2 

11 
6 

10 
16 
6 
6 
8 

13 
5 
7 
5 

49 
28 
9 
3 
3 
7 

20 
7 

18 
27 

13 
6 
6 
3 
5 
9 
9 

17 
5 

10 
72 
16 
33 
16 
8 

a 

79 
99 
27 
27 

902 
1 
6 
4 
1 
1 

15 
10 
7 
1 

10 
5 
9 

14 
6 
6 
7 

12 
4 
6 
4 

44 
25 
8 
3 
3 
6 

18 
6 

16 
25 
7 

12 
6 
6 
3 
4 
8 
8 

16 
4 
9 

65 
14 
30 
14 
7 

130 
162 
44 
44 

1,459 
1 

10 
7 
2 
2 

23 
16 
11 
2 

16 
9 

14 
22 
9 
9 

12 
19 
6 

10 
6 

70 
40 
13 
5 
5 

10 
29 
10 
26 
39 
11 
18 
9 
9 
4 
7 

13 
13 
25 
7 

14 
103 
22 
47 
23 
11 



Table 2.30. (contd) 

tKO t q  uipment Charadensitm tnergy Demand 
Summer I Winter Summer I Winter 

-- ID (kWyr)  (kWyr) (kWyr) FWNyr) (kWNyr) (kW-mo) (kWmo) (kW-mo) 
On-Peak Mid.Peak On -Peak Mid-Peak 011 -Peak 0 Weak MiC-Peak 

i 

47g Amorph. Cordrnprvd Windings (No Load 8 Load Loss Rddn) 
489 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
499 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
509 Amorph. CordrnpNd Windings (No Load & Load Loss Rddn) 
51g Amorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
529 Arnorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
539 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
549 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
559 Amorph. Cordmpnrd Windings (No Load 8 Load Loss Rddn) 
!%g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
579 Amorph. CordmpNd Windings (No Load & Load Loss Rddn) 
58g Arnorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
599 Amorph. CordmpNd Windings (No Load & Load Loss Rddn) ' 

6Og Amorph. Cordmprvd Windings (No Load 8 Load h s s  Ran) 
61g Amorph. Cordrnprvd Windings (No Load 8 Load Loss Rddn) 
629 Amorph. Cordmpwd Windings (No Load & Load Loss Rddn) 
639 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
649 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
659 Amorph. Corellmprvd Windings (No Load & Load Loss Rddn) 
66g Arnorph. CordmpNd Windings (No Load & Load Loss Rddn) 
679 Amorph. CordmpNd Windings (No Load & Load Loss Rddn) 
689 Arnorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
69g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
70g Amorph. Cordmpnrd Windings (No Load 8 Load Loss Rddn) 
719 Amorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
729 Amorph. CordmpNd Windings (No Load & Load Loss Rddn) 
739 Amorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
749 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
75g Amorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
7€g Arnorph. CordmpNd Windings (No Load & Load Loss Rddn) 
77s Amorph. CorellmpNd Windings (No Load & Load Loss Rddn) 
789 Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
79g Amorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
8Og Amorph. CordmpNd Windings (No Load & Load Loss Rddn) 
8lg Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
829 Amorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
83g Amorph. Cordmprvd Windings (No Load & Load Loss Rddn) 
84g Amorph. Cordrnprvd Windings (No Load & Load Loss Rddn) 
85g Amorph. Cordmprvd Windings (No Load 8 Load Loss Rddn) 
86g Amorph. CordmpNd Windings (No Load& Load Loss Rddn) 

' 

74 587 7,879 754 976 1,577 2,026 2,546 
56 428 1,944 185 240 389 500 631 
56 428 2,916 277 360 583 ' 750 946 
70 598 9,060 878 1,133 1,818 2,329 2,901 
70 598 3,883 376 486 l79  998 1,243 
70 598 7,766 753 971 1,559 1,997 2,487 
86 560 18,002 1,660 2,171 3,577 4,630 5,964 
86 560 22,156 2,044 2,672 4,402 5,699 7,340 
86 560 31,849 2,938 3,841 6,328 8,192 10,551 

108 792 18,452 1,739 2,260 3,682 4,745 6,025 
108 792 5,536 522 678 1,105 1,424 1,808 
108 792 5,536 522 678 1,105 1,424 1,808 
107 736 21,222 1,978 2,578 4,225 5,458 6,983 
107 736 10,611 989 1,289 2,113 2,729 3,491 
107 736 19,454 1,813 2,364 3,873 5,003 6,401 
134 904 6,587 611 798 1,310 1,694 2,173 
134 904 6,587 611 798 1,310 1,694 2,173 
134 904 6,587 611 798 1,310 1,694 2,173 
107 736 3,537 330 430 704 910 1,164 
142 8,904 34,045 4,183 5,107 7,215 8,735 8,806 
125 638 5,454 480 635 1,074 1,403 1,862 

, 159 1,016 5,093 467 612 1,011 1,310 1,692 
159 1,016 2,546 234 306 505 655 846 
159 1,016 2,546 234 306 505 655 846 
168 1,352 6,013 577 746 1,204 1,546 1,940 
168 1,352 3,007 288 373 602 773 . 970 

. 150 1,280 22,137 2,146 2,769 4,443 5,692 7,087 
150 1,280 2,767 268 346 555 71 1 886 
190 2,570 13,741 1,441 1,823 2,805 3,531 4,141 
264 1,936 13,532 1,275 1,658 2,700 3,480 4,419 
264 1,936 4,511 425 . 553 900 1,160 1,473 
315 2,600 22,844 2,201 2,845 4,579 5,874 7,346 
225 2,562 4,876 497 634' 989 1,253 1,503 
315 2,600 11,422 1,100 1,422 2,290 2,937 3,673 
315 2,600 5,711 550 711 1,145 1,468 1,836 
480 4,160 8,927 868 1,119 1,793 2,295 2,852 
480 4,160 35.709 3,471 4,476 7,172 9,181 11,409 
480 4,160 44,636 4,338 5,595 8,964 11,477 14,262 
540 6,080 11,632 1,184 1,509 2,359 2,990 3,591 
540 6,080 11,632 1,184 , 1,509 2,359 2,990 3,591 

16 
4 
6 

19 
8 

16 
34 
42 
60 
36 
11 
11 
41 
20 
38 
13 
13 
13 
7 

110 
9 

10 
5 
5 

12 
6 

46 
6 

34 
27 
9 

47 
11 
24 
12 
19 
75 
94 
27 
27 

14 
4 
5 

17 
7 

15 
31 ~. 

38 
54 
33 
10 
10 
37 
18 
34 
11 
11 
11 
6 

98 
8 
9 
4 
4 

11 
6 

42 
5 

30 
24 
8 

42 
10 
21 
11 
17 
68 
84 
24 
24 

23 
6 
8 

27 
12 
23 
49 
60 
86 

' 52 
16 
16 
59 
29 
54 
18 

. 18 
18 
10 

150 
14 
14 

18 
9 

66 
8 

47 
38 
13 
67 
16 .. 

34 
17 
27 

107 
133 
38 
38 



Table 2.30. (contd) 

Transformer ERO Economic Parameters 

ID 

First Year Energy and Demand Savings Life Cyde Cost 

RII to Cost Life Savings Savings Savings Savings. Savings NPV 
ROF Failure (1994s) (years) (kWh) (kW-mo) (1994s) (1994s) (1994s) (1994s) SIR 

Time First Xfmr Energy Demand Energy Demand Total 

l g  ROF 
29 ROF 
39 ROF 
49 ROF 
59 ROF 
6g ROF 
79 ROF 
89 ROF 
9g ROF 
1% ROF 
11g ROF 
129 ROF 
1% ROF 
149 ROF 
159 ROF 
169 ROF 
179 ROF 
189 ROF 
19g ROF 
209 ROF 
219 ROF 
229 ROF 
22g ROF 
249 ROF 
259 ROF 
2Q ROF 
279 ROF 
289 ROF 
29g ROF 
3 0 ~  ROF 
319 ROF 
329 ROF 
33g ROF 
349 ROF 
35g ROF 
3Eg ROF 
379 ROF 
3 g  ROF 
39g ROF 
4 Q  ROF 
419 ROF 
429 ROF 
439 ROF 
44g ROF 
459 ROF 
469 ROF 
479 ROF 
489 ROF 

10 
1 
10 
20 
10 
10 
1 
1 
1 
20 
10 
1 
10 
1 
20 
1 
10 
1 
10 
20 
1 
10 
20 
1 

10 
20 
10 
20 
1 
10 
20 
1 

10 
20 
1 

20 
1 
20 
1 
10 
20 
1 
10 
20 
1 
10 
20 

2,445 30 
23,238 30 
16,088 30 
5,363 30 
3,575 30 
32,176 30 
21,451 30 
25.026 30 
5,363 30 
33,531 30 
17,883 30 
29,060 30 
33,531 30 
13.412 30 
13,412 30 
24,589 30 
40,237 30 
11,865 30 
17.798 30 
11,865 30 
91.954 30 
53,393 30 
17,798 30 
8,899 30 
8,899 30 
17,798 30 
53,393 30 
17,798 30 
44,559 30 
66,899 30 
18,583 30 
22,300 30 
11.150 30 
11,150 30 
7,433 30 
11.150 30 
22.300 30 
22.300 30 
28,801 30 
a,m 30 
16,458 30 
161,458 30 
34,910 30 
74.183 30 

13,091 30 
26,182 30 

550 
5.824 
4,032 
1,344 
896 

10,725 
7,150 
6,272 
1,344 

7,283 
10,706 
4,283 
4,283 
6,162 
10,415 
3,171 
4,757 
3.171 
31,359 
18,208 
6,069 
2,378 
2,378 
4,757 
14,271 
4,757 
13,319 
19,979 
5,550 
8,084 
4,042 
4.042 
2,220 
3,330 
6,660 
6,660 

10,660 
3,046 
6,092 
46,481 
10,050 
21,356 
10,053 
5,027 

10,053 
2,512 

8,403 
4,482 

1 
15 
10 
3 
2 
29 
20 
16 
3 

22 
12 
19 
29 
12 
12 
16 
27 

13 
a 
a 
a7 
50 
17 
6 
6 
13 
38 
13 
35 
53 
15 
23 
11 
11 
6 
9 

i a  
i a  
30 
9 
17 
129 

59 

14 

7 

2a 

2a 

2a 

17 
333 
1 24 
12 

331 
41 0 
358 
77 
73 
138 
41 7 
330 
245 
37 
352 
320 

146 

1,798 
561 
53 

73 
41 
439 
41 
762 
61 5 
48 
464 
125 
35 

1 27 
29 
381 
58 
61 2 
94 
53 

2,664 
31 0 

577 
155 
88 
144 

2a 

1 a2 

2a 

'1 36 

i a6 

5 
100 
37 
4 

110 
136 
108 
23 
23 
43 
131 
107 
80 
12 

111 
loo 
59 
47 
9 

603 
188 

44 
24 
13 
142 
13 
242 
195 
15 
157 
42 
12 
40 
9 

121 

209 
32 

894 
104 
63 
195 
53 
30 

a 

i a  

i a  

i a  

4a 

22 
433 
161 
15 
36 
440 
546 
466 
loo 
96 

548 
437 
325 
49 
463 
420 
240 
194 
37 

2,400 
750 
71 

1BO 
97 
55 
582 
55 

1,004 

64 
620 
1 67 
47 
167 
38 

502 
76 
a21 
126 
71 

3,558 
414 
249 
772 
208 
117 

1 a i  

ai0 

167 1.09 
3,430 1.15 
1,279 1.11 
120 1.04 
284 1.11 

4,594 1.19 
5,690 1.27 
3,694 1.15 
792 1.15 
751 1.04 

1,421 1.11 
4,289 1.15 

3,226 1.25 
490 1.07 

3,629 1.15 
3.408 1.11 
1.979 1.17 
1,598 1.12 
300 1.05 

24,602 1.28 
7,688 1.20 
724 1.07 

1,484 1.17 
799 1.12 
451 1.05 

4,794 1.12 
451 1.05 

9,008 1.21 
7,274 1.15 
570 1.06 

6,535 1.30 
1,759 1.21 
497 1.08 

1,501 1.21 
342 1.06 

4,504 1.21 
Ea4 1.06 

8,730 1.31 
1,342 1.22 
758 1.08 

30,841 1.20 
3,590 1.14 
2,151 1.05 

2,249 1.23 
1,270 1.09 

4,341 1.18 

8,357 1.33 

192 1,667 1.20 

2.192 



Table 2.30. (contd) 

ID 

Transformer ERO Economic Parameters 

RII IO cost Life 'Saviis Savings Saviis Savings Savings NPV 
ROF Failure (1994s) (years) (kWh) (kW-rno) (1994s) (1994s) (1994s) (1994s) SIR 

I First Year Energy and Demand Savings I Life Cyde Cost 
I Time I F lrSl I Xfmr I Energy I Demand I Energy I Demand I Total I 1 

499 ROF 
509 ROF 
519 ROF 
529 ROF 
539 ROF 
549 ROF 
559 ROF 
5 Q  ROF 
579 ROF 
589 ROF 
59g ROF 
Wg ROF 
61g ROF 
629 ROF 
63g ROF 
64g ROF 
65g ROF 
S s s N  
67s ROF 
68g ROF 
69g ROF 
7Q ROF 
719 ROF 
729 ROF 
739 ROF 
749 ROF 
759 ROF 
76g ROF 
77s ROF 
789 ROF 
79g ROF 
@Q ROF 
81g ROF 
829 ROF 
83g ROF 
849 ROF 
85g ROF 
86g 'ROF 
87e I ROF 
Totals: 

RI 
ROF 

10 
I 

10 

I 
10 
20 
10 

10 
I 

10 
20 
1 

10 
20 
1 
NA 
I 
20 
1 
20 
I 
20 
20 
1 
20 
20 
10 
20 
20 
20 
I 
20 
1 
20 
10 
20 
10 

20 

20 

13,091 
30,546 
13,091 
26,182 
71,180 
87,606 

125,933 
54,754 
16,426 
16,426 
77,221 
38,610 
70,786 
19.305 
19,305 
19,305 
12,870 
19,305 
19,305 

1 1,527 
I 1,527 
26,417 
13,209 

I1 1,179 
13,897 
41,692 
48,012 
16,004 
73,357 
18,339 
36,679 
18,339 
23,358 
93,430 
I 16,788 
30,192 
30,192 

587,523 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

3.769 
.I 1,236 

4.81 5 
9,631 

24,792 
3031 3 
43,863 
24,330 
7,299 
7,299 

28.637 
14,318 
26,250 
8,958 
8,958 
8.958 
4,773 

16,283 
8,199 
7,079 
3,539 
3,539 
7,637 
3,819 

27,441 
3.430 

13,836 
17,842 
5,947 

28,714 
5,321 

14,357 
7,178 

10,995 
43,979 
54,974 
12,766 
12,766 

184,487 

10 
32 
14 
28 
65 
81 

116 
66 
20 
20 
77 
38 
70 
24 
24 
24 
13 

104 
20 
19 
9 
9 

21 
11 
78 
10 
47 
49 
16 
81 
17 
41 
20 
32 

126 
158 
40 
40 

897 

116 
645 
149 
84 

1,419 
939 
382 
750 
64 
225 
I ,6ul 

441 
229 
51 3 
276 
78 

273 
1,037 

468 
62 

202 
31 

4 3  
33 

240 
I 97 
122 
156 
183 
251 
47 

125 
41 2 
96 

9525 
480 
396 
112 

5,853 

39 
224 
52 
29 

452 
299 
122 
247 
21 
74 

531 
143 
74 

165 
89 
25 
89 
804 
139 
19 
64 
10 

149 
11 
83 
68 
50 
51 
60 
86 
18 
43 

141 
34 

881 
168 
152 
43 

3,492 

155 
869 
2co. 
113 

1,871 
1,239 

504 
997 
85 

299 
2,171 

584 
303 
678, 
365 
103 
362 

1,842 
607 
81 * 

267 
41 

587 
45 

323 
265 
172 
207 
244 
337 
65 

169 
553 
1 33 

3,405 
648 

. 547 
155 

9,344 

1,346 
9.199 
2,122 
1,198 

18,533 
12,277 
4,982 

11,516 
976 

3.455 
22337 
6,Ol I 
3,l I I 
7,912 
4,258 
1,203 
3,723 

16.432 
6,695 

589 
1,941 

294 
4,032 
306 

1 
1,369, 
1,495 
1,876 
921 6 
3.218 
468 

1.609 
5,296 
1,408 

37,058 
7.041 
5.623 
1,587 

107,049 

1.14 
1.31 
I .22 
1.08 
1.27 
1.19 
1.07 
1.29 
1.11 
1.29 
1,30 
1.21 
1.08 
1.42. 
I .30 
1.11 
1.30 
1.85 b 

1.36 
1.05 
1.17 
1.05 
1.16 
1.04 
1.03 
1.10 
1.07 
1.07 
1.19 
1.08 
1 .05 
1.08 
1.30 
1.11 
1.41 
1.11 
1.25 1 

1.10 
1.25 

19,305 16,283 , 104 1,037 804 1,842 16.432 1.85 
3,364,580 1,134,891 3,516 35,276 13,235 48.511 487.090 1.14 
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h) 

ID 

c.L 
\o 
P 

tnergy Demand 
Annual Summer Winter Summer Winler Total 

Number Size Total On-Peak Mid-Peak Off-peak M idpeak Off .Peak 0 n-Peak Mid-Peak Mid-Peak ' Reactive 
Equipment Type of Units (MVA) (kWhlyr) (kWh/yr) (kWh/yr) (kWhlyr) (kWWr) (kWWr) (kW-mo) (kW-mo) (kW-mo) (kVAR-mo) 

ID 

1 Sub. Transformers 
2 Capacilor Bank 

Descriplion of Number Size 
Replacement of Units (MVA) 

5 37.5 
1 NA 

Energy 
Annual Summer Winter 
Total On-Peak Mid-Peak Off -Peak M id-Peak Off -Peak 

(kWhlyr) (kWh/yr) (kWh/yr) (kWhkyr) (kWhkyr) (kWh/yr) 

Efficient T & D ODeratina Parameters 
Demand 

0 nPeak Mid-Peak Mid-Peak Reactive 
(kW-mo) (kW-mo) (kW-mo) (kVAR-mo) 

Summer Winter Total 

72,192,000 7,138,683 9,193,504 14,707,296 16,775,628 24,376,889 80,025 74,207 96,153 NA 
72,192,000 7,138,683 9,193,504 14,707,296 16,775,628 24,376,889 80,025 74,207 96,153 71,150 

Firs1 
hrst Year Energy and Demand Savings I Life Cycle Cost 

Life tnergy 1 Demand I Reactive I tnergy I Demand I R eactive I T otal I I 

1 Conservation Voltage Reduction 5 37.5 
2 Power Factor Correction lo Unity 1 9 

ID 
cost Expectancy Savings Savings Demand Savings Savings Demand Savings NPV 

(1994$) (Years) (kWh) (kW-mo) (kVAR-mo) (1994$) (1994 $) (1994 $) (1994 $1 (1994 $) SIR 

71,578,368 7,078,004 9,115,359 14,582,284 16,633,035 24,169,685 79,345 73,576 95,336 NA 
72,176,546 7,137,155 9,191,536 14,704,148 16,772,037 24,371,671 79,997 73,576 95,336 0 

Efficient T & D ERO Economic Parameters 



2.15 Peak Shifting EROs 

Conventional peak shaving EROs (Le., using diesel generators) cannot be considered at Fort Irwin due 
to the current rate schedule. SCE prohibits any type of on-site power generation as part of the incremental 
sales agreement. In addition, strict air quality standards would make most on-site generation extremely 
costly. For this reason, opportunities for peak shifting were explored. Peak shifting is simply the shifting 
of electric loads from the on-peak period to the off-peak period. Perhaps the most well-known peak shift- 
ing ERO is thermal energy storage, which was discussed in another section. The following ERO proposes 
adding a new water storage tank to the domestic water supply system so that water well pumping can be 
eliminated during the on-peak period. 

Description 

Water wells at Fort Irwin operate on an intermittent basis throughout the day to maintain necessary 
pressure and capacity in the water storage tanks. By adding another storage tank and filling it during the 
off-peak period, it is possible to avoid pumping during the more costly on-peak period. Note that this ERO 
will not save any energy since the.load is simply being shifted from one time period to another, but it will 
result in lower electricity charges. 

The new tank will be placed about halfway between the main cantonment and the Langford Lake Basin 
water wells, near an existing booster station h d  16-inch water line. 

Assumptions 

The technical assumptions are as follows: 

There are eleven operating water wells at Fort Irwin. In FY93, they pumped nearly 992 million 
gallons. Almost half of this was pumped during the four summer months of June, July, August, and 
.September. Assuming that the pumping is the same.every day, this is an average of about 4 million 
gallons per day (mgd) during the summer, and 2.3 mgd during the winter. 

The new water tank has a capacity of 500,000 gallons; enough to completely curtail any pumping during 
the summer on-peak period from 12 noon to 6 pm. 

Suitable controls are already in place to control the pump operation, ensuring that pumping will not 
occur during the on-peak period. 

Energy consumption'for each utility rate period was estimated as the total consumption for all pumps 
(calculated by the sum-product 'of operating hours and power draw) multiplied by the fraction of total 
energy consumption for the entire Fortin each rate period. Since time-ofday operating profiles for the 
well pumps were not available, this was assumed to be a good way to apportion consumption and pro- 
vide a conservative estimate. 

. 

Pumping is assumed to be shifted from the 12 noon to 6 pm time block, to the 12 midnight to 6 am time 
block. Pump energy used during the summer on-peak period is shifted to the summer off-peak period. 
Pump energy during the same six hours in the winter (part of the mid-peak period) is shifted to the 
winter off-peak period. 

, 
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All of the pumps currently contribute to the summer on-peak demand. After ERO implementation, 
summer on-peak demand from the pumps falls to zero, and winter mid-peak demand decreases by 6/15, 
representing the 6 hours when no pumping takes place. 

Pump capacity and power draw was determined from the SCE well pump tests performed in early 1992. 
Pump operating hours were collected during a site visit in July, 1993, and represent annual pump mn- 
time from June 3, 1992 to June 2, 1993. The following table details the well pump data: 

Well Capacity Power Draw Annual Run 
ID €Pm kW Hours 
1-3 513 
1-5 493 
1-6 383 
1-7 1,047 
B-1 545 
B-2 119 
B-4 414 
B-5 837 
L-1 75 1 
L-2 664 
L-3 562 

70.5 
62.4 
52.9 

133.0 
59.6 
24.8 
56.9 
87.5 
90.0 
76.4 
69.7 

1,820 
3,028 
3,420 
3,024 
3,100 

344 
3,262 
2,441 
3,590 
3,195 
1 , 146 

The cost assumptions are as follows: 

The costs to build, install, and connect the new tank to the existing water lines are as follows: 

500 kgal steel tank, on grade 
Site clearing, leveling, etc. 
Concrete pad: 4,900 ft', 6" thick 
300 ft of 12" dia. pipe 
Trenching: 300 ft  
Pipe fittings, valves, etc. 
Total: 

$1 84,000 
$700' 

$10,300 
$1,400 
$5.000 

$210,500 

$9,100 

These costs were estimates from M e w  and Richardson and include 15% for contractor overhead and 
profit. Actual project costs may be higher or lower than these estimates depending on actual site 
conditions. 

There will be an increase in maintenance costs, estimated to be $250 per year, for routine tank, valve, 
and pipe inspections. 

2.196 



The complete quantitative results of this ERO appear in Table 2.32. The table contains specific energy, 
v cost, and economic performance data. 

Budget Implications. The initial cost of this ERO is $210,500. 

Energy and Cost Savings. It is estimated that this ERO will result in electric energy cost savings of 
$25,684, and electric demand savings of 1,097 kW-months, for a cost savings of $16,019. Energy cost 
savings result from shifting an equal amount of energy consumption from on- and mid-peak periods to off- 
peak periods. 

Operations and Maintenance. There will be an increase in maintenance costs, estimated to be $250 
per year, for routine tank, valve, and pipe inspections. 
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Table 2.32. Peak Shifting EROs 

ID Equipment 

Energy Demand 
Annual Summer Winter Summer Winter 
Total On-Peak Mid-Peak Off-peak Mid-Peak Off-peak On-Peak Mid-Peak Mid-Peak 

(kWhtyr) (kwhlyr) (kWhfyr) (kwhlyr) (kWhtyr) (kWh/yr) (kW-mo) (kW-mo) (kW-mo) 

Energy Demand 
Annual Summer Winter Summer Winter 
Total On-Peak Mid-Peak Off-peak Mid-Peak Off-peak On-Peak Mid-Peak MidPeak 

~ ID Replacement (kWh/vr) (kWh/vr) (kWh/vrl (kWh/vrl (kWh/vr) (kWh/vr) (kW-mol IkW-mo) IkW-mol 
Description of 

First 
cost 

ID (1994%) 

2.198 

First Year Energy and Demand Savings Life Cycle Cost 
AnnualOgM Life Energy Demand Energy Demand Total 

Cost Expectancy Savings Savings Savings Savings Savings NPV 
(1994%) (Y ears) (kWh) (kW-mo) (1994$) (1994$) (1994$) (1994$) SIR 



2.16 Convert Fleet Vehiclesto Compressed Natural Gas 

Description 

The Fort Irwin motor vehicle fleet consists of 234 GSA vehicles and 152 vehicles owned by the primary 
on-site maintenance contractor (Dyncorp). These vehicles presently run on unleaded, premium unleaded 
gasoline or diesel fuel. These vehicles are general transportation vehicles including: cars, pickups, trucks, 
vans and wagons. All of these vehicles can be converted to operate on compressed natural gas (CNG) as a 
primary fuel source. While natural gas is currently not available at Fort Irwin, studies are planned or 
underway to assess the cost of extending a natural gas pipeline to the main post area. This ERO is 
analyzed assuming natural gas is already available. 

Two options were considered for selecting refueling stations. The first option provides two refueling 
stations. The first station is intended primarily for use by GSA vehicles and will have 160 slow-fill stations 
and one two-hose fast-fill station. The second station, intended primarily for contractor use, would have 
128 slow-fill stations and no fast-fill stations. This option is based on the assumption that two-thirds of the 
GSA vehicles and 80% of the contractor vehicles would be refueled at slow-fill stations. This provides for 
a majority of slow-fill refueling stations. Slow-fill stations use electricity during off hours and are more 
energy-cost efficient. The energy savings over time may more than offset the higher initial installation 
cost. 

The second option provides two refueling stations each with eighty slow-fill stations and one two-hose 
fast-fill station. This option is based on the assumption that one-third of the GAS vehicles and two-thirds 
of the contractor vehicles would be refueled at slow-fill stations. This option will not be as energy-cost 
efficient but has a lower initial installation cost. 

. 

Converting Gasoline Vehicles to CNG 

Most gasoline powered cars and trucks can be converted to operate on CNG in either single fuel (CNG 
only) or a dual fuel (either gasoline or CNG) configuration. Modifications include changes to the fuel 
delivery and carburetor system. Fuel injected cars can also be easily converted. The conversion equip- 
ment consists of fuel storage cylinders, a pressure regulator, a gas/air mixer, a fuel selector control (for 
dual fuel use), and a fuel gauge. A typical vehicle can usually be converted to CNG in less than a day. 

Converting Diesel Vehicles to CNG 

One of the primary advantages of diesel fuel is its high centane rating which allows the fuel to auto- 
ignite when sufficiently compressed. Compression ignition simplifies the diesel engine, as compared to 
spark plug engines, by eliminating the spark plugs, distributors, and other electrical components. Ordi- 
narily, natural gas will not auto-ignite due to its low centane rating. Therefore, some means of igniting the 
alternative fuel must be provided. Some of the proven ignition methods are to add spark plugs, glow 
plugs, or use a fumigation system. The traditional thought to have a diesel engine burn natural gas would 
mean adding spark plugs and associated electronics. Rather than make these extensive engine modifica- 
tions, a fumigation system can be used. A fumigation system burns natural 'gas in tandem with diesel fuel. 
For this type of conversion, diesel is used as a "pilot fuel" for starting and for low engine RPM operation. 
The amount of natural gas is increased as engine speed increases. Retrofitting a diesel engine to CNG 
using a fumigation system is very similar to converting a gasoline engine to CNG. The major difference is 
the need for an RPM monitoring device to control the mixture of diesel and natural gas. The mixture of 
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fuels is controlled by either mechanical or solenoid switches. Diesel is used to start the engine and is 
decreased as engine speed increases. When engine speed drops off during gear changes, diesel again 
becomes the primary fuel. 

Assumptions 

Table 2.33 identifies all the vehicles at Fort Irwin under consideration for conversion to CNG. 

The technical assumptions are as follows: 

Gasoline energy content is 125,000 Btu per gallon. 

Diesel energy content is 138,700 Btu per gallon. 

CNG fuel efficiency is 7% greater than gasoline or diesel fuel. 

The fumigation system conversion will operate with an overall average fuel mix ratio of 40% diesel and 
60% CNG. 

Vehicle mileage, fuel consumption, fuel cost, and O&M cost are based on records maintained on the 
base and by assumptions based on typical usage of vehicles on similar bases where actual data was not 
available. 

The life of the refueling station should exceed the 25-year life-cycle cost analysis. 

The conversion equipment should last close to 25 years. 

The cost assumptions are as follows: 

The cost to convert existing vehicles for CNG operation is assumed to be $2,000 for each car and 
$3,000 for each truck (regardless of size). New CNG vehicles are assumed to be available (through 
GSA) at approximately the same price as common gas or diesel fueled models. 

O&M costs for vehicles operating on CNG are estimated to be reduced by as much as 50%. For this 
analysis, an average 25 % reduction is assumed. 

The first option for the two refueling stations is estimated to cost $1,080,000 including installation. The 
cost of the two refueling stations for the second option is estimated to be $963,000 including installation. 

ReSdtS 

The complete quantitative results of this ERO appear in Table 2.33. The table contains specific energy, 
cost, and economic performance data. The most cost-effective implementation of this ERO involves 
immediate conversion of all vehicles to CNG, and the construction of the filling station described as 
option two. However, both filling station options have a positive NPV (option one: $9,932,181, option 
two: $10,091,649). Note that the last two lines in the economics portion of the table contain the summed 
results of the individual vehicles as well as the energy and costs associated with the filling station. 
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Budget Implications. Implementation cost for vehicle conversion only is estimated to be $1,084,000 
for all vehicles identified in Table 2.33. Both conversion equipment and new CNG vehicles are available 
through normal GSA contracts and/or from the private sector. 

Federal tax deductions for the contractor vehicle conversions are available. A tax deduction of $50,000 
each for the seven heavy trucks, and $2,000 each for the remaining 145 vehicles would result in a possible 
tax deduction of $780,000. There are presently no incentives provided for coriversion of GSA vehicles. 
This tax deduction was not included in the cost savings analysis. 

Energy and Cost Savings. It is estimated that this ERO will reduce annual gasoline consumption by 
approximately 634,367 gallons per year and diesel by 18,480 gallons per year. Natural gas consumption 
will increase by approximately 303,925 therms per year. Electrical consumption by the natural gas refuel- 
ing stations is estimated to be 275,132 kwh per year for option one and 275,080 per year for option two. 
Net energy savings will be 14,632 MBtu per year for both options. 

This results in a fuel cost reduction of $526,524 per year in gasoline and $13,860 per year in diesel. 
However, there will be a cost increase of $115,887 per year in natural gas and $21,064 per year in 
electricity for option one or $18,598 per year in electricity for option two. Net energy cost reduction is 
$403,433 per year for option one and $405,899 per year for option two. 

Operations and Maintenance. Natural gas has many advantages over liquid fuels like gasoline and 
diesel. Since it is a gas, it bums more easily and completely. It also bums cooler than gasoline. For these 
and other reasons, CNG vehicles require less O&M than standard vehicles. Spark plugs last longer and the 
engine operates cleaner. Oil changes may be less frequent and still be cleaner. Changes in the vehicle per- 
formance result in reduced engine, transmission and tire wear. It has been estimated by some sources that 
these factors may result in increased vehicle life and increase resale value. Some sources have estimated 
that O&M costs can be reduced by as much as 50%. Furthermore, with overnight slow-fill stations, 
operator time is no longer wasted waiting in refueling lines at the beginning or end of the day. In the case 
of fast-fill stations, the refueling time is similar to that of standard fuel vehicles. Net reduction in opera- 
tions and maintenance cost is estimated to be $376,047 per year. 
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Table 2.33. Convert Fleet Vehicles to CNG 

ID 

Time Annual Annualized 
Equipment Number until Miles per Fuel OgM 
Description of Units Existing Failure Year Consumption Cosls 

Fuel (years) (miles) (gattyr) (1994 $) 

GSAlGovernmenl Vehicles. 
G C N G l  Sedan CompacUMidsize 
GCNG2 
GCNG3 
GCNG4 
GCNG5 
GCNG-6 Van multipurpose 
GCNG7 Bus multipurpose 
GCNG-8 
GCNG9 Ambulance patient Transport 
Contraclor Vehicles: 
C C N G l  Sedan cornpactlMidsize 
CCNG2 
CCNG3 
CCNG4 
CCNG-5 

Pickup compactlMr, under 8510 GVW 
Truck lighl weight under 8,000 GVW 
Truck med. wght over 8,001, under 17,000 G W  
Truck heavy weight Over 17.001 GVW 

Truck heavy weight over 17.001 GVW 

Pickup compactlMr. under 8510 GVW 
Truck light weight under 8,000 GVW 
Truck medium weight over 8.001, under 17,000 GVW 
Truck heavy weigh1 over 17.001 GVW 

ID 

58 Gasoline 
10 Gasoline 
21 Gasoline 
48 Gasoline 
11 Gasoline 
59 Gasoline 
10 Gasoline 
14 Diesel 
3 Diesel 

16 Gasoline 
72 Gasoline 
6 Gasoline 

18 Gasoline 
2 Gasoline 

Annual Annual 
Description of Number Milesper Fuel Fuel 
Replacement of Units Resulting Year Consumption Consumption 

Fuel (miles) (gaVyr) (Ihermslyr) 

~- 
C-CNG-6 Van multipurpose 32 Gasoline 
C-CNG7 1 Diesel 
C-CNG-8 Truck heavy weight over 17.001 GVW 5 Diesel 

Truck medium weighl over 8.001. under 17.000 GVW 

I ‘1,599,002 
3 350,900 
3 645,015 
4 326,256 
4 151,745 
I 1,712,593 
5 . 233,640 
4 232,610 
6 25,536 

4 441,104 
5 2,526,480 
5 184,290 
5 122,292 
6 . 27,590 
5 928,864 
4 6.794 
6 83,075 

GSAlGovemrnenl Vehicles: 
G C N G l  CNG Vehicle 
GCNG2 CNG Vehicle 
GCNG-3 CNG Vehicle 
GCNG-4 CNG Vehicle 
GCNG-5 CNG Vehicle 
GCNGG CNG Vehicle 
GCNG7 CNG Vehicle 
GCNG-8 CNG Vehicle 
GCNG9 CNG Vehicle 
Contractor Vehicles: 
C C N G l  CNG Vehicle 
C-CNG2 CNG Vehicle 
C-CNG3 CNG Vehicle 
CCNG4 CNG Vehicle 
CCNG5 CNGVehicle . 
CCNG6 CNG Vehicle 
CCNG7 CNG Vehicle 
CCNG-8 CNG Vehicle 

58 CNG 
10 CNG 
21 CNG 
48 CNG 
11 CNG 
59 CNG 
10 CNG 
14 CNG&Diesel 
3 CNG&Diesel 

16 CNG 
72 CNG 
6 CNG 

18 CNG 
2 CNG 

32 CNG 
1 CNG&Diesel 
5 CNG&Diesel 

1,599,002 
350.900 
645.015 
326,256 
151,745 

1,712,593 
233,640 
232,610 
25,536 

441,104 
2,526,480 

184.290 
122,292 
27,590 

928,864 
6.794 

83.075 

Annualized 

1993 $ 

0 52,767 
0 29,914 
0 54.988 
0 25.674 
0 15,524 
0 116,799 
0 47,803 

9,304 14,278 
1,277 1,959 

0 14,556 
0 215,382 
0 15.71 I 
0 9,623 
0 2,822 
0 63,349 

209 321 
4,154 6,374 

105,534 
35.529 
63,856 
86.132 
10,015 

265,880 
15.420 
50,593 
2,949 

29,113 
255,806 

18,245 
32,285 
3,187 

144,206 
1,478 
7,913 

51,581 
29,242 
53,751 
25,097 
15,175 

114,173 
46,728 
23,261 
3.192 

14,229 
210,540 

15,358 
9.407 
2.759 

61.924 
523 

10,384 

140,712 
47,372 
85.142 

1 14,842 
13,354 

354,507 
20,560 
67,457 
3,933 

38,817 
341,075 
24,326 
43,047 
4,249 

192.275 
1,970 

10.551 
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Table 2.33. (contd) 

PV of Annualized Annualized Net 
Installed RI or Life Energy Energy OgM Present 

ID Cost ROF Expeclancy Savings Savings Savings Value 
(1993 $) (Years) (MBIu) (I%$) (1993 5)  (I=$) SIR 

GSNGovernmenI Vehicles: 
G-CNGI 116,000 
G-CNG-2 30.000 , 

G-CNG-3 63,000 
GCNG-4 144,000 
G-CNG-5 33,000 
G-CNG-6 177,000 
GCNG-7 30,000 
G-CNG8 42,000 
GCNG-9 9,000 
Conlraclor Vehicles: 
C-CNGI 32,000 
CCNG-2 216,000 
C-CNQ 18,000 
C-CNG-4 54,000 
C-CNG-5 6.000 
C-CNGG 96,000 
C-CNG7 3.000 

RI 3 
RI 6 
RI 6 
RI 7 
RI 9 
RI 3 
RI 10 
RI 9 
RI 14 

RI 9 
RI 10 
RI 10 
RI 10 
RI 12 
RI 10 
RI 9 

1,171 
664 

4,220 
570 
344 

2,592 
1,061 

512 
70 

323 
4,779 

349 
214 
63 

1.406 
12 

27,028 
15,322 
28,165 
13,150 
7,951 

59,826 
24,485 
5,198 

713 

7,456 
110,321 

8,047 
4,929 
1,446 

32,448 
117 

35,178 
I 1,843 
21,285 
28,711 
3,338 

88,627 
5,140 

16.864 
983 

9.704 
85,269 
6.082 

10,762 
1,062 
48,069 

493 

955,229 
437,805 
788,575 
576,875 
161,416 

2,379,452 
430,166 
337,922 
20.213 

263.51 I 
3,152,193 

225,307 
216,209 
37.1 88 

1,290,550 
7,493 

9.23 
15.59 
13.52 
5.01 
5.89 

14.44 
17.01 
9.05 
3.25 

9.23 
15.59 
13.52 
5.00 . 
7.20 

14.44 
3.50 

C-CNG8 15.000 RI 10 229 2.320 2.638 70,381 5.69 
Totals: 1,084,000 15.577 348,923 376,047 11,400,484 11.52 

Vehicles wilh Oplion I Station 
2,164,000 14.638 327,858 376,047 9,932.181 5.59 

2.047.000 14.638 330.325 376.047 ' 10.091.649 5.93 
Vehicles wilh Oplion 2 Station 
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3.0 Energy Resource Opportunity Impact Study 

All energy resource opportunities (EROs) identified in Section 2 'of this report are subjected to economic 
analysis to determine their cost-effectiveness. The economic analysis is part of the FEDS (Facility Energy 
Decision Screening) process for developing fuel-neutral assessments of facilities to identify and quantify 
major efficiency resources, supply 'alternatives, and fuel-switching opportunities. The intent of the 
assessment is to identify the major resource alternatives available to decision makers. The economic analy- 
sis provides an estimate of the magnitude of the cost-effective resource available at a facility using the most 
realistic assumptions possible. Individual projects should be examined more thoroughly at a project level at 
the implementation stage. 

Section 3.1 discusses the methodology and assumptions used in the economic analysis, and Section 3.2 
defines the analysis metrics. Section 3.3 describes the life-cycle cost evaluation method. Section 3.4 dis- 
cusses the fuel rates used for the evaluation, and Section 3.5 presents the results of the evaluation for 
Fort Irwin. Section 3.6 presents additional notes on the analysis. 

3.1 Economic Analysis Methodology and Assumpti.ons 

According to the provisions of 10 CFR Part 436, federal agencies are required to analyze all potential 
energy investments using a life-cycle cost (LCC) methodology developed by the ,National Institute of 
Standards and Technology (NIST). The NIST LCC methodology calculates all relevant costs of a project 
and discounts them to result in present dollars, and then subtracts that sum from a similarly constructed 
LCC of baseline, current conditions or technology. This difference is called the net present value (NPV) of 
the action being considered. Actions are cost-effective if the NPV is positive and greater than the NPV of 
alternative actions. Following this methodology results in minimizing the LCC of energy services at a site. 

This economic analysis is central to the Federal Energy Management Program (FEW) model approach 
for federal energy efficiency using the FEDS system to develop a fuel-neutral assessment of facilities to 
identify and quantify energy efficiency resources, supply alternatives, and fuel switching opportunities. 

All EROs identified by the FEDS assessment and described in this resource assessment report are 
therefore subjected to the LCC economic analysis to determine their cost-effectiveness. The purpose of the 
FEDS assessment is to identify the facility energy efficiency resource alternatives available to decision 
makers; the economic analysis provides an estimate of the installed cost and energy savings of the cost- 
effective resource available at a facility using the most current and realistic assumptions possible. 
Individual projects and actions considered for implementation should be exambed and analyzed more 
thoroughly at a project level prior to design and implementation. 

Under the NIST methodology, energy prices are escalated and costs and benefits are discounted using 
factors taken from the curred edition of "Energy Prices and Discount Factors for Life-Cycle Cost 
Analysis." Costs and benefits are analyzed over a 25-year period, reflecting the average expected remain- 
ing life of a typical building. Other key assumptions in the methodology are: 

Prices for all goods and services (e.g., installed cost of a technology) will vary at the same rate as the 
inflation rate; therefore the "real" rate of inflation is zero. 

3.1 



Energy or fuel prices vary at a rate different than that of the inflation rate. NIST reports the value by 
which the energy prices vary,from the real rate of inflation (the escalation rate). 

All costs and benefits are discounted using the current federal discount rate (3.1 % real for CY 1994). 

All EROs are analyzed for a 25-year period. This does not mean that a 25-year life is assumed for all 
installed equipment: actual estimates of equipment life are used, and the costs of replacing worn out 
equipment over a 25-year period are incorporated. The 25-year analysis period also does not mean that 
all streams of savings from EROs are assumed to endure 25 years: many are assumed to disappear as 
the existing equipment is replaced with more efficient equipment as part of the baseline. 

The analysis assumes that up-front unconstrained federal financing (at the federal discount rate) is 
available for all potential energy efficiency improvements and actions. 

The last assumption, unconstrained (unlimited) federal financing, is incorporated into the LCC analysis 
to determine the total cost-effective energy efficiency resource at a site. Therefore, the analysis (under the 
unconstrained funding assumption) results in a menu of all identified energy project opportunities whose 
benefits exceed their costs. 

In the presence of constraints on the funding available to implement these projects, some method of 
prioritizing the projects is needed. It is for this reason that a savings to investment ratio (SIR) is calculated 
to rank order projects starting with the project with the highest SIR. This ranking allows available capital 
to be allocated to those cost-effective projects in an order that results in the greatest savings per dollar of 
investment. 

For most agencies or facilities, the entire list of cost-effective projects from the LCC analysis is signifi- 
cant and cannot be financed from a single source. Rather, all available funding sources need to be deter- 
mined. Funding sources include federal funds (MILCON, ECIP, Federal Energy Efficiency Fund); utility 
fmancing including utility offered rebates or other financial assistance; and energy services industry- 
financed projects. Each of these funding sources has its own requirements and its own costs and therefore, 
the cost-effectiveness of individual projects needs to be evaluated using the LCC analysis adjusted for each 
potential funding source’s costs and constraints. 

Many assumptions in addition to those listed above are required in the course of a FEDS assessment. In 
every case, the analysis team attempts to make the most realistic and defensible assumption. Where uncer- 
tainty exists, the team attempts to error on the side of conservatism. Therefore, the resulting estimate of 
the total cost-effective energy efficiency resource is a minimum estimate of the total potential resource, 
given the above assumptions. A more exact estimate and/or the development and design of projects may 
require a detailed facility audit, which is beyond the scope of a FEDS assessment. 

3.1.1 Building Sector Analysis Methodology and Assumptions 

The analysis of EROs within the building sector was performed using the FEDS model, a multi-level 
energy analysis software system. As discussed in Section 1, there are currently two levels of FEDS: 
FEDS level-1 (FEDS-1) and FEDS level-;! (FEDS-2). FEDS-1 assesses the likelihood of cost-effective 
energy projects based on high-level facility inputs and numerous assumptions, while FEDS-2 provides 
detailed information on energy and cost savings, as well as the estimated investment requirement for 
specific technology retrofits. 
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Currently, FEDS-1 and FEDS-2 analyze most major building end uses (heating, cooling, lighting, insu- 
lation, and service hot water) including their interactive effects (e.g., the effect a lighting technology has on 
heating and cooling loads). The analysis provides specific cost, energy and demand, and life-cycle cost . 
information, by cost-effective technology. The FEDS analysis is performed using a sophisticated optimiz- 
ation algorithm that takes into account the complex economic and energy components involved. This opti- 
mization algorithm performs energy use simulations for a number of equipment combinations for each 
building type and finds the optimal set. As part of this algorithm, the FEDS model estimates existing 
energy consumption for the site based long-term weather data using a 30-year average. W i l e  the esti- 
mated consumption may not match any single year's consumption, it should represent the site's average 
consumption over a number of years, assuming other factors remain constant. For a more detailed discus- 
sion about the calculation methodology used by FEDS, see PNL, Facility Energy Decision Screening 
System User's Guide, 1993; or Dirks, J.A. and L.E. Wrench, "Facility Energy Decision Screening (FEDS) 
Software System, I' Proceedings of the International Energy and Environmental Congress, Minneapolis, 
MN, AUg. 4-5,*1993. 

3.1.2 Non-Building Sector Analysis Methodology and Assumptions 

The FEDS model currently analyzes most building end uses, which include heating, cooling, lighting, 
insulation, and service hot water. There are other building sector EROs that are not currently part of the 
FEDS model, including motors, exterior lighting, and some building envelope actions such as double- 
paned windows and window films. These EROs are evaluated by PNL staff in the same manner that non- 
building sector EROs (transmission and distribution, vehicles) are evaluated. As with the FEDS analysis, 
the non-FEDS analysis complies with 10 CFR 436; however, because it is not performed using a complex 
computer model, there are tradeoffs made between the best methods to perform the calculations and the 
feasibility of those methods. 

There are two main differences between the analysis performed by FEDS and the non-FEDS analysis. 
First,,the FEDS analysis assumes in the baseline situation (what would happen if the ERO was not imple- 
mented) that a piece of equipment will be replaced upon failure by the most life-cycle cost-effective piece 
of equipment, in accordance with 10 CFR 436. The non-FEDS analysis uses a baseline defined in conjunc- 
tion with site personnel; therefore, the baseline may not always reflect replacement of exhausted equipment 
with the most life-cycle cost-effective equipment. 

Second, the non-FEDS analysis uses actual energy consumption data to determine base energy consump- 
tion, and then applies an estimate of savings to that consumption. The FEDS analysis, on the other hand, 
bases its energy consumption estimate on 30-year average weather data. Ideally, the non-FEDS estimate 
would be weather-normalized, however the data required for such an effort are difficult to obtain. The 
result of this is that, unless the actual year's weather was similar to the 30-year average, the consumption 
estimates will be slightly different, as is the case at Fort Irwin. 

3.2 Economic Analysis Metrics Used 

The EROs described in Section 2 were analyzed in a number of ways, with the intent of presenting a 
variety of analysis metrics. An analysis metric is a numerical measure of the attractiveness of an ERO as 
an investment. Different analysis metrics are used for different purposes. Some economic metrics com- 
monly used to evaluate measure effectiveness include net savings and the savings to investment ratio. 
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3.2.1 Net  Savings 

The most useful analysis metric is the Net Savings, expressed in dollars. The net savings, as described 
in Section 3.3.6, is the difference between the LCCs of a project and its baseline. This is equivalent to 
saying that the net savings is the present value of all of the benefits associated with an ERO, less the pres- 
ent value of all of the costs of the ERO. The concept of present value is discussed in more detail in the 
following paragraphs. The net savings is used to define the cost-effectiveness of an ERO: a negative net 
savings means that the costs of an ERO outweigh its.benefits, while a positive net savings means that the 
benefits are greater than the costs. The higher the net savings, the better. 

The costs and the benefits of an efficiency investment occur at different periods of time, which must be 
accounted for in the analysis. The timing of the streams of costs and benefits is accounted for in an LCC 
analysis by converting all streams to present values. Present values account for the fact that a dollar today 
is worth more than a dollar tomorrow, for two primary reasons: general price inflation and the time value 
of money. In the face of general price inflation, the purchasing power of a dollar declines over time, and 
since the true value of money lies in what it is capable of purchasing, inflation causes its value to decline. 
The time value of money refers to the fact that even in the absence of general price inflation, money 
received sooner is preferred to money received later. 

It is this preference for consuming sooner rather than later that leads to the existence of positive rates of 
interest, even in the absence of price level inflation. Individuals and firms are willing to pay a premium to 
obtain goods and services sooner rather than later: the premium they are willing to pay is the "real rate of 
interest." (Although interest rates are generally positive, negative rates can exist for short periods of time, 
but cannot persist.) The market rate of interest, or the "nominal" rate, is the real rate plus the rate of infla- 
tion (this is a slight simplification). 

3.2.2 Savings to Investment Ratio 

The SIR is used to prioritize a group of minimum LCC EROs. For example, suppose a total of 100 
EROs were evaluated. Of these, suppose 25 had negative net savings, leaving 75 EROs to consider. Of 
these, say that there are 5 groups of mutually exclusive pairs, and that the highest net savings ERO of each 
group is selected. This results in the elimination of 5 EROs, for a grand total of 70 EROs to be 
implemented. Suppose the total cost of implementing all 70 is $5 million, and the facility has an annual 
budget for energy modernization projects of $1 million. The SIR would be used to determine which of the 
70 EROs provide the greatest "return on investment,". thereby deserving immediate implementation. It is 
important to note that selection of cost-effective EROs should not be done on the basis of the SIR. That 
would not minimize the LCC. Rather, it is necessary to select the cost-effective set of EROs on the basis 
of their net savings. The SIR should only be used for prioritization. 

3.2.3 Discounted Payback Period 
( 

The discounted payback period was calculated to illustrate the time frame over which an investment 
would pay for itself with savings in energy, demand, O&M, and replacement capital expenditures. The 
dollar streams used in the payback calculation are discounted to compensate for the time value of money, 
and annualized values are used to allow for comparison of projects that have differing cost and savings time 
profiles. The discounted payback should not be used to select among mutually exclusive projects, as this 
will lead to a failure to acquire much of the cost-effective resource. Discounted payback can be used to 
prioritize among a set of selected projects. Discounted payback will sort projects in the same order as the 
SIR. 
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3.3 Life-Cycle Cost Evaluation Method 

Cost Element 

Installed Cost 

Energy Cost 

Non-fuel Operations 
and Maintenance 

, 

Replacement Costs 

Federal agencies are required to evaluate energy-related investments on the basis of minimum life-cycle 
costs (10 CFR Part 436). A life-cycle cost evaluation computes the total long-run costs of a number of 
potential actions, and selects the action that minimizes the long-run costs. The life-cycle cost (LCC) of a 
potential investment is the present value of all of the costs associated with the investment over time. The 
first step in calculating the LCC is the identification of the relevant costs: these are listed in Table 3.1. 

Description Example 

Cost of materials purchased and 
the labor required to install them. 

Annual expenditures on energy to 
operate equipment. 

Price of an energy efficient lighting 
fxture, plus cost of labor to install 
it. 

A lighting fixture that draws 
100 watts and operates 2,000 hours 
annually requires 200,000 watt- 
hours (200 kWh) annually. At an 
electricity price of $0.10 per kwh, 
this fixture has an annual energy 

Replacing burned out light bulbs. 

. cost of $20. 

Annual expenditures on parts and 
activities required to operate 
equipment. 

Expendituresto replace equipment 
upon failure. no longer usable. 

Replacing an oil furnace when it is 

3.3.1 Life-Cycle Cost Calculation 

The LCC of an alternative is calculated by summing the present values of the installed cost, the 'annual 
energy cost, the annual O&M cost, and the replacement cost, as shown in Equation 3.1. 

LCC = PV(1C) + PV(EC) + PV(0M) + PV(REP) (1) 

where LCC = Life-Cycle Cost 
PV(1C) = Present value of installed cost 

PV(EC) = Present value of annual energy cost 
PV(0M) = Present value of annual O&M cost 
PV(REP) = Present value of future replacement cost 

Table 3.1. Cost Elements in a Life-Cycle Cost Analysis 
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3.3.2 Installed Cost 

The installed cost is the one-time, first cost of an ERO. Replacement of existing equipment in the base- 
line case is covered by the replacement cost category. The present value of installed cost is used because 
not all EROs'are "Replace Immediately" (RI) actions. In those cases where the ERO is to be implemented 
immediately, the present value of the installed cost is equal to the installed cost. When implementation of 
an ERO is scheduled for some future time, however, as in the case of "Replace on Failure" (ROF) EROs, 
the installed cost paid at that time must be discounted back to the present. 
The calculation for the present value of installed cost is equal to: 

IC PV(1C) = - 
(1 +d)N 

where PV(IC) = Present value of installed cost 
IC = Installed cost 
d = Discount rate 
N = Number of years until failure or removal of existing equipment 

3.3.3 Energy Cost 

The present value of the annual energy cost is composed of both energy and demand costs. Energy 
costs represent the recurring annual expenditures on energy to operate equipment. These costs include both 
the fuel costs for consumption and the demand charges. The estimated stream of annual energy and 
demand costs over the analysis period is adjusted to account for increasing real energy prices, and is dis- 
counted to determine the present value of the future cost stream. This adjustment for price escalation and 
discounting is accomplished through the use of a modified uniform present value factor (UPV*). The 
UPV* incorporates the discount rate and the projected energy price rates of change. For ROF measures, 
the existing streatp of costs is assumed to continue until failure of the existing equipment, at which time the 
ERO cost stream replaces it. The UPV* is calculated using Equation 3.3. 

where UPV* = Modified uniform present value factor 
n = Counter used to designate each year, with n= 1 for the year 1994; 
N = Number of periods over which energy costs or savings accrue; 

d = Discount rate 
= Projected average fuel price index, provided by NIST 

The present value of energy costs is then calculated using Equation 3.4: 

PV(EC) = AEC X UPV * N  

where PV(EC) = Present value of energy cost 
AEC = Annual energy and demand cost 

UPV*, = Modified uniform present value factor. 
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3.3.4 Operations and Maintenance Cost 

The present value of the annual operations and maintenance (O&M) cost is the discounted stream of 
annual non-fuel expenditures on parts and activities required to operate the equipment. The present value 
of the stream of expenditures is calculated using the uniform present value factor (UPV). As with energy 
costs, for ROF measures the existing stream of costs is assumed to continue until failure of the existing 
equipment, at which time the ERO cost stream replaces it. The UPV is calculated using Equation 3.5. 

(1 + d), - 1 UPV, = 
d (1 + d), 

where UPV = Uniform present value factor 
d = Discount rate 
N = Number of periods over which the costs or savings accrue. 

The present value of operations and maintenance savings is then given by Equation 3.6. 

PV(0M) = OM X UPV, 

where PV(0M) = Present value of annual O&M costs 
OM = Annual O&M expenditures 

UPV, = Uniform present value factor. 

3.3.5 Replacement Cost 

Although the installed cost category covers the first cost of implementing an ERO, subsequent equip- 
ment installations fall into the replacement cost category, as do all equipment costs associated with the 
baseline case. Unlike energy and O&M expenditures, replacement costs are not regular, annual expenses. 
The present value of the replacement cost is the discounted stream of expenditures to replace equipment 
upon failure. While the cost to replace a piece of equipment is actually borne in the year in, which the 
equipment is bought, the replacement costs are annualized for this analysis. Any part of .the annualized 
cost that would be borne after the analysis period is then subtracted off of the total, in effect adding a 
salvage value. If the remaining time in the analysis period is less than the life of equipment installed for 
the ERO, the installed cost will overstate the true cost. The replacement cost calculation corrects for this 
overstatement. In this type of situation, the PV(Rep1acement Cost) is negative, corresponding to negative 
replacement costs (salvage value). 

Existing equipment is assumed to have no salvage value or disposal cost. While these may not be 
entirely accurate assumptions, they partially offset each other. If salvage value is to be included for 
existing equipment, a few requirements must be met. First, it must be likely that the base will actually 
carry out a salvage process rather than dispose of the equipment. Regardless of value, if the base does not 
carry out this process, no savings will be accrued. Second, the salvage value should be the actual value of 
the equipment in its existing condition, less all costs associated with preparing it for sale and selling it. If 
this resulting net value is not greater than the disposal cost, then it should be ignored for analysis purposes. 
The replacement cost is annualized as shown in Equation 3.7, and the PV(Rep1acement Cost) is calculated 
using Equation 3.8. 
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d REP, = REP x 
1 - (d + l)-L 

PV(REP) = REP, x UPV,-, 

where REP, = Annualized replacement cost 
REP = Replacement cost 

d = Discount rate 
L = Life of ERO equipment 
N = Number of periods until replacement 

PV(REP) = Present value of annualized replacement cost 
UPV, = Uniform present value factor, as discussed in Section 3.3.4. 

Equation 3.7 yields a present value at the time of replacement, rather than at the beginning of the 
analysis period. This value must be discounted to current dollars using the single present value factor 
(SPV). While the UPV is used to calculate the present value of a stream of annual costs or savings, the 
SPV is used to find the present value of a single non-annual amount. The SPV is calculated using Equa- 
tion 3.9, and the present value of replacement costs in current dollars is represented by Equation 3.10. 

1 SPV, = 
(1 i. gN 

(9) 

PV,(REP) = PV(REP) x SPV, (10) 

where PV,(REP) = Current dollar present value 
REP = Replacement cost 

d=  discount rate 
N= number of periods until replacement 

SPVN= Single present value factor. 

3.3.6 Net Savings Calculation 

Energy resource opportunities are selected for implementation on the basis of their net savings. The net 
savings of an ERO is the life-cycle savings of the ERO as compared to not implementing the ERO: 

NS = LCC - LCC’ 

where NS = the net savings of the ERO, 
LCC = the life-cycle cost of the existing situation, 

LCC’ = the life-cycle cost if the ERO is implemented. 
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Most EROs are selected according to a very simple rule: if the net savings are positive, then the project 
should be undertaken. If the net savings are zero or negative, then the ERO should not be implemented. A 
positive net savings means the long-run costs of the ERO are less than the long-run costs of the existing 
situation. - 

The selection criteria can be complicated by a number of factors. If the ERO is part of a set of mutually 
exclusive options, then only the option with the highest net savings is selected. For example, many of the 
motors at Fort Irwin can be replaced with energy-efficient models, or a variable speed drive (VSD) can be 
added to the existing motor, or the existing motor can be replaced with an energy-efficient model with a 
VSD. The analysis would proceed by calculating the LCC of the existing motors, the LCC of energy- 
efficient motors, and the LCC of VSDs added to both the existing and the energy-efficient motor. Any of 
the EROs might be chosen, or it may be optimal to do nothing. If the net savings of two or more EROs 
considered is positive, then the ERO with the highest net savings would be selected. 

3.3.7 Savings to Investment Ratio Calculation 

The savings to investment ratio (SIR) is equal to the total savings of an ERO divided by the installed 
cost of that ERO. Any ERO with an SIR greater than 1 indicates that the savings outweigh the costs. 
Thus, an SIR of 1 denotes a net savings of 0.' As noted earlier, the SIR is only to be used as a 
prioritization measure, rather than a selection device. Equation 3.12 defines the SIR. 

' PV(ES) + PV(0MS) + PV(REPS) 
PV(1C) 

SIR = 

where SIR = Savings to investment ratio of an ERO, 
PV(ES) = Present value of energy savings of an ERO, 

PV(0MS) = Present value of O&M savings of an ERO, 
PV(RJ5PS) = Present value of replacement savings of an ERO, and 

PV(1C) = Present value of the installed cost of an ERO. - 
3.3.8 Discounted Payback Period Calculation 

The discounted payback period is the present value of the installed cost divided by the annualized pres- 
ent value of total savings. Equations 3.14 and 3.15 show the calculation of the annualized present value of 
total savings, and equation 3.16 shows the calculation of the discounted payback period. 

TS = PV(ES) + PV(0MS) + PV(REPS) 

where TS = present value of total savings associated with an ERO, 
PV(ES) = Present value of energy and demand savings of an ERO, 

PV(0MS) = Present value of O&M savings of an ERO, 
PV(REPS) = Present value of replacement savings of an ERO. 
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d ATS = TS X 
l-(d+l)-P 

where ATS = annualized total savings associated with an ERO, 
TS = present value of total savings associated with an ERO, 

d = discount rate 
P = analysis period. 

PV(1C) DPB = - 
ATS 

where DPB = discounted payback period, 

ATS = annualized total savings associated with an ERO. 
PV(IC) = Present value of the installed cost of an ERO, 

3.4 Fuel Cost Determination 

In order to examine the energy resource opportunities (EROs) at Fort Irwin, marginal fuel costs must be 
calculated. The marginal, or avoided, cost of fuel service is used in conjunction with the estimated energy 
savings of an ERO to calculate the dollar value of those savings. While the costs of propane, gasoline, and 
diesel are straight-forward because they are flat rates, the cost of electricity at Foh Irwin is complicated by 
the structure of the rate schedule under which Fort Irwin purchases its electricity and the uncertainty 
regarding that rate in the future. 

Fort Irwin purchases its electricity from Southern California Edison (SCE) under SCE'S time-of-use 
rate, schedule TOU-8, with an Incremental Sales Rate (ISR) rider. The ISR essentially adds a declining 
block rate component to the time-of-use structure in that it provides a base level of energy at a fixed 
monthly charge, while consumption above the base level is billed at the incremental rate, which is lower 
than the base energy rate in most cases. The structure is unlike a declining block rate structure in ha t  
Fort Irwin is billed for the base level of energy regardless of whether it is used, so valuing energy savings 
becomes more complicated if consumption drops below this level. In the process of determining the 
appropriate marginal rate for use in this analysis, it was determined that there is some uncertainty as to 
whether Fort Irwin will be able to renew the ISR contract when it expires in 1996-97. Because of this 
uncertainty, it was determined that the appropriate marginal rates to use would be those found in the 
TOU-8 schedule. For further discussion and explanation, see Appendix A of this report. 

3.5 Summary of ERO Impact Study 

Table 3.2 defines the assumptions that are common to all of the EROs analyzed. The rates in effect are 
straightforward; however, mention should be made as to the calculation of the full cost of energy. In a 
forthcoming PNL report, "Determining Appropriate Energy Costs for Federal Residential Building 
Standards Analysis," by S. A. Shankle et al., the authors note that the appropriate cost of energy to use in 
determining the correct level of investment in energy-efficient construction should include the following 
elements (shown after Table 3.2 on the next page): 
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Table 3.2. . Assumptions Used in LCC Analysis 

. 

Discount Rate: 3.1% real . 

Analysis Period: 25 years 

Current Fuel Prices: 

Natural Gas: $0.35/Therm 

11 Electricity: I 
Summer On-Peak 
Summer Mid-Peak 
Summer Off-peak 
Winter Mid-Peak 
Winter Off-peak 

$0.13752/kWh 
$0.065 17/kWh 
$O.O4077/kWh 
$0.076 8 8/kWh 
$O.O4335/kWh 

11 Electricity Demand: I 
Summer On-Peak 
Summer Mid-Peak 
Winter Mid-Peak 
Propane (LPG): 
Gasoline: 
Diesel: 

$18.90/kW 
$2.35/kW 
$3.15/kW 
$0.473/gallon 
$0.83/gallon 
$0.67/gallon 

11 Fuel Conversion Factors: I 
Natural Gas: 
Electricity: 
Propane: 
Gasoline: 
Diesel: 

10.00 Therms/MBtu 
292.997 kWh/MBtu 
,10.526 gallons/MBtu 
8.0000 gallons/MBtu 
7.1942 gallons/MBtu 

1. Energy rates paid to the supplier by the federal facility; 

2. Avoidable demand charges; 

3. Avoidable distribution system losses; 

4. Avoidable distribution system capital costs; 

5. Avoidable external costs of energy supply and distribution. 
3 

The incorporation of the abov,e elements is referred to as the "full cost" of energy. Current federal life- 
cycle costing methods do not include the cost of environmental externalities unless they are reflected in 
some manner within the utility bill. The external cost of energy will increasingly become internalized 
within the LCC process, however, due to such factors & utility least-cost planning, the 1990 Amendments 
to the Clean Air Act, and emissions trading. As these costs become internalized, they will be reflected in 
the actual cost of energy paid by the facility, and will no longer need to receive separate consideration. 
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Table 3.3 defines the column headings used in the remaining tables in this section. One of the distinc- 
tions made is between first year energy savings and full implementation energy savings. First year energy 
savings are those savings that should be experienced after the first year of the analysis. These savings will 
be zero for EROs that will not be implemented immediately. Full implementation energy savings are those 
savings that should be experienced after the ERO has been fully implemented; either after the first year, or 
sometime in the future. Differences in these numbers can be caused when an ERO is implemented in steps; 
for example, when a variable speed drive (VSD) is added immediately to an existing motor, there are 
immediate savings associated with that action (first year savings); however, the second part of the ERO is 
to replace the existing motor when it fails with an energy efficient motor. Once this has been done, the 
equipment should experience the full savings of the ERO action, that is the full implementation savings. 

Description 

Designates the general end-use of an ERO. 

Designates ,the building type used in building 
(FEDS) analysis; descriptive field in non- 
building analysis - designates the specific 
equipment or facility affected. 

Designates the specific equipment or facility 
affected. 

Equipment that is affected by the ERO 

Describes the ERO. See Section 2'of this I 

document for complete descriptions of each 
ERO. Also indicates whether the ERO is to 
be done now or in the future @I vs. ROF) 
for non-building EROs. 

Table 3.3. Description of Column Headings 

All Tables (Except Summaries) 

unit 

End Use 

Building Type 

Use Area 

Equipment 

Description 

. 

Column Heading 

Description 

Energy savings attributable to the retrofit 
measure. 

~ ~~ 

End Use 

unit 

MBtu per year 

Building Type 

I F t D G a n d  Savings 

Use Area 

II Demand savings attributable to the retrofit 
measure. 

kW per month 

Existing Technology 

Energy Savings due to 
Interactive Effects 

Resulting Technology 

Energy savings resulting from the retrofit 
measure including all interactive savings. 

MBtu per year 
i 

Annual Energy and Demand Reduction Tables - FEDS (Building) EROs 

Column Heading 
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Column Heading 

Column Heading 

First Year Energy Savings 

First Year Demand Savings 

Full Implementation Energy 
Savings 

Full Implementation 
Demand Savings 

Net Savings 

Demand Savings due to 
Interactive Effects 

Description Unit 

Energy savings that will be realized in the 
first year. 

Demand savings that will be realized in the 
first year. 

Energy savings that will be realized once the 
ERO is fully implemented. 

Demand Savings that will be realized once 
the ERO is fully implemented. 

Reduction in life-cycle cost due to ERO. 
Equals present value of total savings less 
Dresent value of installed cost. . 

MBtu per year 

kW-month per year 

MBtu per year 

kW-month per year 

1994 Constant dollars 

Net Savings 

~~ 

Savings to Investment Ratio 

Discounted Payback Period 

Savings to Investment Ratio 

Present value of total savings divided by 
present value of installed cost. 

annualized value of total savings. 

None 

Present value of installed cost divided by Years. 

Discounted Payback Period 

Description 

Demand Savings resulting from the retrofit 
measure including all interactive savings. 

Reduction in life-cycle cost due to ERO. 
Equals present value of total savings less 
present value of installed cost. 

Present value of total savings divided by 
Dresent value of installed cost. 

Present value of installed cost divided by 
annualized value of total savings. ' 

Unit 

kW per month. 

1994 Constant dollars 

None 

~ 

~ Years. 

Annual Energy and Demand Reduction Tables - Manual (Non-Building) EROs 



Column Heading 

Present Value of Installed 
cost 

Description 

Present value of the labor and materials cost of 
implementing the ERO. Equals actual cost for 
immediate EROs, discounted cost for ROF EROs. 

Present Value of Energy 
Savings 

Present value of the energy cost savings that will 
be realized after implementation of ERO. 

Discounted Payback 
Period 

First Cost (FEDS tables 
only) . 

~ 

Present value of installed cost divided by 
annualized value of total savings. 

The initial capital cost of the measure if it were to 
be installed immediately. 

. Table 3.3. (contd) 

Present Value of Costs and Savings Tables 

unit 

1994 Constant 
dollars 

Present value of the rebate available for ERO 
equipment. Equals actual rebate for immediate 
EROs, discounted rebate for ROF EROs 
occurring within three years. 

1994 Constant 
dollars 

Present Value of Rebate 

Present Value of Net ll Installed Cost 

~~ 

Present value of the installed cost less the present 
value of any rebate available for the ERO. 

~~ 

1994 Constant 
dollars 

1994 Constant 
dollars 

1994 Constant 
dollars 

Present Value of Demand 
Savings 

Present value of the electricity demand cost 
savings that will be realized after implementation 
of the ERO. 

Present Value of O&M 
Savings 

1994 Constant 
dollars 

Present value of the stream of maintenance cost 
reductions attributable to the ERO. May be 
negative, indicating ERO has higher maintenance I costs than the current equipment. II 
Present value of the stream of replacement cost 
savings attributable to the ERO. May be 
negative, indicating that the ERO has higher 
replacement costs than the current equipment. 

1994 Constant 
dollars 

Present Value of 
Replacement Savings 

~ ~~ 

Sum of energy, demand, O&M, and replacement . 
savings associated with the ERO. 

1994 Constant 
dollars 

Present Value of Total 
Savings 

Net Savings 1994 Constant 
dollars 

Reduction in life-cycle cost due to ERO. Equals 
present value of total savings less present value of 
installed cost. 

Present value of total savings divided by present 
value of installed cost. 

~ 

Savings to Investment 
Ratio 

None 

Years. 

1994 Constant 
dollars 
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Table 3.3. (contd) 

Description 

Annualized Values of Costs and Savings Tables 

Unit 

Installed Cost 
Annualized value of the labor arid materials cost of 
implementing the ERO. Equals actual cost for 
immediate EROs, discounted cost for ROF EROs. 
Calculated from the Dresent value. 

Annualized Value 
of Rebate 

Annualized Net 
Installed Cost 

1994 Constant dollars 

Annualized Energy 
Savings 

Annualized value of the rebate available for ERO 
equipment. Equals actual rebate for immediate EROs, 
discounted rebate for ROF EROs occurring within 
three years. Calculated from the present value. 

Annualized value of the installed cost less the available 
rebate for the ERO. Calculated from the present 
value. 

Annualized value of the energy cost savings that will 
be realized after implementation. of ERO. Calculated 
from the present value. 

Annualized value of the electricity demand cost 
savings that will be realized after implementation of 
the ERO. Calculated from the present value. 

Annualized value of the stream of maintenance cost 
reductions attributable to th.e ERO. May be negative, 
indicating ERO has higher maintenance costs than the 
current equipment. Calculated from the present value. 

Annualized value of the stream of replacement cost 
savings attributable to the ERO. May be negative, 
indicating that the ERO has higher replacement costs 
than the current equipment. Calculated from the 
present value. 

Sum of energy, demand, O&M, and replacement 
savings associated with the ERO. 

Annualized reduction in life-cycle cost due to ERO. 
Equals annualized total savings less annualized 
installed cost. 

Annualized total savings divided by present value of 
installed cost. 

' 

Annualized 
Demand Savings 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

1994 Constant dollars 

None 

Annualized 
Replacement 
Savings 

Annualized Total 

Annualized Net 
Savings 

Savings to II . Investment Ratio 
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Table 3.3. (contd) 

Cumulative Full 
Implementation 
Demand Savings 

Cumulative Net Savings 

Cumulative Annual Energy and Demand Reduction Tables 

Demand Savings that would be realized once the 
ERO is fully implemented, if all EROs with equal 
and higher SIRS were implemented. 

Reduction in life-cycle cost if all EROs with equal 
and higher SIRS were implemented. Equals 
cumulative value of total savings less cumulative 
value of installed cost. 

kW-month per year 

1994 Constant dollars 

~ ~~ 

Column Heading 

Cumulative First Year 
Energy Savings 

Description 

Energy savings that would be realized in the first 
year if all EROs with equal and higher SIRS were 
implemented. 

unit 

MBtu per year 

Cumulative First Year 
Demand Savings 

~ Cumulative Full 
Implementation Energy 
Savings 

Demand savings that would be realized in the first 
year if all EROs with equal and higher SIRS were 
implemented. 

Energy savings that would be realized once the 
ERO is fully implemented, if all EROs with equal 
and higher SIRS were implemented. 

kW-month per year 

MBtu per year 

Cumulative Savings to 
Investment Ratio 

Cumulative Discounted 
Payback Period 

SIR of entire project if all EROs with equal and 
higher SIRS were implemented. Equals cumulative 
value of total savings divided by cumulative value 
of installed cost. 

None 

Discounted payback of entire project if all EROs 
with equal and higher SIRS were implemented. 
Equals cumulative value of installed cost divided by 
annualized cumulative value of total savings. 

Years. 

~~~~~ ~ 

Individual ERO Savings Present value of total savings divided by present I None 
to Investment Ratio value of installed cost for individual ERO. 
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Table 3.3. (contd) 

Cumulative Present Value of Costs and Savings Tables 

Description unit Column Heading 

of Installed Cost 
Present value of the labor and materials cost 
of implementing entire project, if all EROs 
with equal and higher SIRS were implemented 

1994 Constant dollars 

~ 

Cumulative Present Value 
of Rebate 

Present value of the rebate available for ERO 
equipment. Equals actual rebate for 
immediate EROs, discounted rebate for ROF 
EROs occurring within three years. 

1994 Constant dollars 

Present value of the installed cost less the 
present value of any rebate available for the 
ERO. 

1994 Constant dollars Cumulative Present Value 
of Net Installed Cost 

Cumulative Present Value 
of Energy Savings 

Cumulative Present Value 
of Demand Savings 

Present value of the energy cost savings that 
would be realized after implementation of 
ERO, if all EROs with equal and higher SIRS 
were implemented. 

1994 Constant dollars 

Present value of the electricity demand cost 
savings that would be realized after 
implementation of the ERO, if all EROs with 
eaual and higher SIRS were hplemented. 

1994 Constant dollars 

Present value of the stream of maintenance 
cost reductions, if all EROs with equal and 
higher SIRS were implemented. 

1994 Constant dollars Cumulative Present Value 
of O&M Savings 

Present value of the stream of replacement 
cost savings, if all EROs with equal and 
higher SIRS were imdemented. 

1994 Constant dollars Cumulative Present Value 
of Replacement Savings 

1994 Constant dollars Sum of energy, demand, O&M, and 
replacement savings if all EROs with equal 
and higher SIRS were implemented 

Cumulative Present Value 
of Total Savings 

Reduction in life-cycle cost if all EROs with 
equal and higher SIRS were implemented. 
Equals cumulative value of total savings less 
cumulative value of installed cost. 

1994 Constkt dollars 

Cumulative SIR L SIR of entire project if all EROs with equal 
and higher SIRS were implemented. Equals 
cumulative value of total savings divided by 
cumulative value of installed cost. 

None 

I 
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'Table 3.3. (contd) 

Column Heading 

Cumulative Discounted 
Payback Period 

Individual ERO SIR 

Description 

Discounted payback of entire project if all 
EROs with equal and higher SIRS were 
implemented. Equals cumulative value of 
installed cost divided by annualized 
cumulative value of total savings. 

Present value of total savings divided by 
present value of installed cost for individual 
ERO. 

unit 

Years. 

None 

The annual energy and demand reductions and the present values of costs and savings for all EROs are 
presented in Tables 3.5 and 3.6. All tables have been sub-divided into two groups: building EROs (evalu- 
ated using FEDS-2) and non-building EROs (non-FEDS evaluation process). Many EROs have negative 
net savings, and so are not cost-effective. Many others are cost-effective, but are inferior to an alternative 
ERO. Tables 3.7 and 3.8 present the annual energy and demand reductions and the present values of costs 
and savings for all cost-effective EROs that are not excluded by an ERO with a higher net savings. The 
annualized values of the costs and savings for these EROs are given in Table 3.9. Tables 3.10 and 3.11 
present cumulative values for the energy and demand reductions and the costs and savings for the cost- 
effective EROs. The cumulative values are calculated by sorting the EROs by their SIRS, and then 
summing the values over the EROs. The resulting table allows the reader to compare the total energy, 
demand, and dollar savings available for any given level of total investment. A cumulative SIR is calcu- 
lated as well. The cumulative SIR shows the SIR of all EROs up to that point, if all were implemented as a 
single project. The SIR of each individual ERO is shown as well, to illustrate how the EROs were sorted. 
Cumulative values are presented for non-building EROs only, as EROs calculated using the FEDS process 
cannot be summed due to the fact that not all interactive effects are accounted for on an, individual ERO 
basis. 

< 
The total energy, demand, and dollar savings, as well as the overall net savings and SIR are presented in 

Table 3.14. The cost-effective efficiency resource at Fort Irwin is estimated to be over 132,200 MBtu for 
building EROs; and 156,000 MBtu the first year for non-building EROs, rising to over 160,000 MBtu after 
full implementation of all non-building EROs. Building EROs represent monthly demand savings of almost 
3,600 kW; and the non-building EROs represent demand savings of 54,000 kW the first year, and almost 
59,000 kW after all non-building EROs have been fully implemented. 

Estimated annual energy consumption using FEDS-2 is approximately 546,600 MBtu (see Section 3.1.2 
for discussion), including chilled water and district hot water. The building energy savings would be 
equivalent to 24% of estimated annual. energy consumption. Typical annual energy consumption, as deter- 
mined by actual consumption figures, at Fort Irwin is approximately 1,100,000 MBtu. This number 
includes fuel use by vehicles; if vehicle fuel use is excluded, then total estimated energy consumption at 
Fort Irwin is approximately 500,000 MBtu. The non-building energy savings would be equivalent to 
14.6% of typical annual total energy consumption (see Table S.2 in Volume 2 for annual totals). Demand 
savings would be equivalent to 14.5% of typical annual electricity demand. 
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These savings can be broken down further into electricity and fossil fuel savings. For building EROs, 
the estimated annual electricity consumption at Fort Irwin is 89,120 MWh. Full implementation of all 
electric EROs results in a reduction of 16,040 MWh. This represents a reduction of approximately 18% 
over total electricity consumption. The estimated annual fossil fuel consumption (propane) at Fort Irwin is 
209,100 MBtu. Full implementation of all fossil fuel EROs results in net conservation of 71,020 MBtu. 
This represents net conservation of 34% .of total consumption. The end uses of chilled water and district 
hot water were not broken out by fuel. The estimated annual chilled water use is 2,007,000 ton-hours. 
Full implementation of all chilled water EROs results in a reduction.of 330,700 ton-hours, or 16% of total 
consumption. The estimated annual district hot water use is 9,238 MBtu. Full implementation of all dis- 
trict hot water EROs results in a reduction of 7,680 MBtu, or 83% of total consumption. 

For non-building EROs, the estimated annual electricity consumption at Fort Irwin is 79,760 MWh. 
Full implementation of all electric EROs results in a reduction of 12,150 MWh. This represents a reduc- 
tion of approximately 15.2% over total electricity consumption. The estimated annual fossil fuel consump- 
tion (propane, gasoline, and diesel) at Fort Irwin is 823,830 MBtu. Full implementation of all fossil fuel 
EROs results in conservation of 187,350 MBtu and a new load of 68,780 MBtu (natural gas for vehicles) 
for a net reduction of 118,570 MBtu. This represents conservation of 22.7% of total consumption, new 
load of 8.3 %, and an overall decrease of 14.4%. 

The total cost-effective resource for building EROs would require an investment with a present value of 
almost $7.7 million and would generate overall savings with a present value of $33.7 million. The net sav- 
ings of the investment would be $26.0 million, with an overall SIR of 4.39. The annualized value of the 
energy and demand savings would be $2.0 million, or 20% of estimated annual energy and demand costs 
(FEDS-2 calculated expenditures to be $10.3 million). 

The total cost-effective resource for non-building EROs would require an investment with a present 
value of over $16.2 million, would generate energy and demand savings with a present value of over $45.7 
million, and would generate overall savings with a present value of $53.6 million. The net savings of the 
investment would be almost $37.6 million, with an overall SIR of 3.35. The annualized value of the 
energy and demand savings would be almost $2.7 million, or 25% of estimated annual energy costs (see 
Table S.2 in Volume 2 for annual totals). 1992 expenditures for electricity, propane, gasoline, and diesel 
were taken from Volume 2 and adjusted with prices used in the LCC analysis to calculate this percentage. 
See section 3.6 of Volume 3 for an explanation of this adjustment process. 

The cost-effective ERO results have been aggregated by ERO category. The ERO category results are 
presented in Table 3.12, and the annualized values for non-building EROs are in Table 3.13. For building 
EROs, hot water EROs represent the greatest efficiency resource, accounting for 30.7% of the total energy 
savings. Heating and lighting EROs also represent significant savings; with heating EROs accounting for 
approximately 29% and lighting accounting for approximately 26% of the total 132,230 MBtu savings. 
Cost information broken out by ERO category is not available for building EROs at this time. 

For non-building EROs, vehicles represent the greatest efficiency resource, accounting for $10.1 million 
of the total $37.6 million net savings and only $2.0 million of the total $16 million installed cost. The 
remaining non-building ERO categories have net savings ranging from $0.3 million to $9.4 million. . The 
highest SIR is represented by the air conditioning EROs. 

The LCC results have also,been combined into a fuel balance table, as presented in Table 3.15. For the 
buildings EROs, this table (Table 3.15a) shows the existing energy use, resulting energy use, and net con- 
servation for each fuel, plus the end uses of chilled water and district hot water. The non-building ERO 
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table (Table 3.15b) shows the existing energy use, conservation, new load, resulting use, and net conserva- 
tion for each fuel. Similar figures are also provided for demand. The new load columns are necessary due 
to the fuel-switch to natural gas and electricity for the vehicles EROs. The net conservation columns are 
the difference between conservation and new load. The resulting use columns are derived by subtracting 
net conservation from existing use. 

3.5.1 Additional Notes 

The minimum LCC ERO for family housing HVAC was determined to be a natural gas heat pump, with 
a net savings of $6.9 million. This measure was evaluated to demonstrate the savings potential of the 
gas heat pump, however, because the technology is not commercially available, the next best ERO, a 
ground source heat pump, was the recommended measure. 

Tables 3.5b and 3.6b report the LCC values for individual vehicle EROs. These tables do not include 
the construction costs of the filling stations; however, beginning with Tables 3.6 and 3.7, the cost- 
effective vehicle EROs are aggregated into one line, with filling station costs included in the LCC 
figures. All vehicle EROs were determined to be cost-effective, however, converting the vehicles 
immediately was the recommended solution in all cases. There were also two options for filling 
stations. While both were determined to be cost-effective, option 2 had the greatest net savings and is 
therefore the station represented in Tables 3.6 through 3.15. For a more detailed explanation on the 
vehicle EROs, see the vehicles section within Section 2.0. 

Lighting control EROs were calculated under two scenarios: the first assumed that controls would be 
added to the existing fixtures, and the second assumed that existing furtures had been replaced with T-8 
fixtures. Because the FEDS model calculated T-8 fixtures to be cost-effective, the results presented in. 
Tables 3.6 on assume that controls are placed on the T-8 fixtures. Lighting controls were found to be 
cost-effective under both scenarios, with the same measures recommended in each measure for the dif- 
ferent furtures. The only difference occurs in the level of savings associated with the two scenarios, as 
the T-8 lighting does not require as much electricity as existing furtures for daily operation. 

As mentioned in Section 3.5, total expenditures on energy during 1992; as found in Volume 2, were 
adjusted with current prices in order to estimate the percentage of dollar savings available. Only those 
expenditures for fuels in which EROs were proposed have been included for this analysis; expenditures 
for jet fuels (JP-4 and JP-8) were not included. Table 3.4 lists. 1992 expenditures, the adjustment factor 
used for the conversion, and the adjusted expenditures for each fuel type. 

The adjustment factor is the ratio of the prices used in the LCC analysis to the prices used in the Volume 
2 baseline report. Prices for diesel, gasoline, and propane were assumed to be the same, however, the 
amount of gasoline consumed was assumed to be higher than that reported in Volume 2. The difference 
in the expenditure level for gasoline, then, is due to an adjustment in the assumed amount of fuel pur- 
chased; the price was not assumed to have changed. 

Electricity expenditures were adjusted by recalculating the energy bills using the TOU-8 rates without 
the incremental sales rate. The rate used for each time period is reported in Table 3.2. Rates for 
reactive demand (kVAR) were assumed to remain constant under both the TOU-8 rate schedule and the 
ISR schedule, so no adjustment was made to kVAR charges. 
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Table 3.4. Summary of Expenditure Adjustment Process 

1992 Fuel 

Diesel 

Electricity 

Gasoline 

Natural Gas 

Adjustment 
Expenditures 

$2,491,088 

$6,271,513 

$446,098 

$0 

Adjusted 
Factor 

Totals 

1 

$10,253,155 $10,663,157 

See discussion 

See discussion 

0 

Expenditures 

$2,491,088 

$6,512,309 

Propane I $1,120293 I 1 I $1,120,293 (1 

Rebates were assumed to be available for implementation of some EROs. Because of the uncertainty of 
rebate values over time, it was assumed that only those EROs implemented immediately or within the 
first three years of the analysis period would be eligible for a rebate. 
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Table 3.5a. All Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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DRKIADhl-00110 
DRKIADLI -00110 
DRKIADhI -00110 
DRKIADhI -00110 
DRKIADhI -00110 
DRKIADhl-00111 
BRKIADhI -00111 
DRKIADhl-00111 
DRKIADhI -0011 I 
RRKIADhl- 00226 
BRKIADhI -00226 
BRKIADhI - 00226 
RRKIADhl -00226 
BRKlADhl -00226 
DRKIADhl *DO226 
DRKIADhI -00249 
DRKlADhl -00249 
BRKIADhl -00249 
DRKIADhl -00249 
DRKMDhl-00249 
DRKIADhl.00249 
BRKIADhl -00249 
DRKIADhl -00249 
DRKIADLI -00249 
DRKIADhI -00249 
DRKIADhl -00249 
DRKIADhI -00249 
DRKIADhI -00249 
DRKIADLI -00249 
RRKIADhl-00249 
DRKlADhl -00249 
DRKIADhl -00249 
DRKlADhl -00249 
DRKIADhI -002% 
DRKIADhl -002% 
DRKIADhI -002% 
DRKIADhl-002% 
IIRKIADf.1 -M2M 
DRWADhI -002% 
DRKIADhl-002% 
BRKIADhl-002% 
DRWADhl.00250 
DRKIADhl -002% 
DRKlADhl -W2% 
DRKIADhl -002% 
BRKIADhl -002% 
BRWADhl-002% 
BRKIADhl-002%. 
DRKlADhl-002H) 
BRWADhl-002X) 
DRKIADhl -002% 
DRKlADhl -00251 
DRKlADhl -00251 
RRKIADhl-00251 
BRKIADhl -00251 
DRKIADhl -QO251 

- -?s!L.nlorv . . . . - ~ - - _ _  
EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl- RI 
EEhl - ROI: 
EEhl- RI 
VSD lo S d  - ROF 

_ _  ... _ _  

hITR-491 
MTR-SCI 
hlTRdO 
PhITR-10, 
PhITR-108 
PhlTR-lOh 
PhlTR.lOb. 
PhITR-lh 
PhlTR-lh 
PhITR-I8 
PhITR-I8 
hlTR-492 
hITR-492 
hlTR-61 
hlTR-61 
hlTR-62 
hlTR-62 

PhlPhITR 
PhlPhlTR 
PhlPhlTR 
PhIPhlTR 
PhlPhlTR 
PhlPhITR 
PhlPhlTR 

IIEAT 
MEAT 
COo1. 
COOL 
COOL 
COOL 
COOL 
COOL 
COOL 
COOL 
EVAP 
EVAP 
EVAP 
EVAP 
IIEAT 
HEAT 
NEAT 
IEAT 
HEAT 
HEAT 
HEAT 
IIEAT 
IIEAT 
IIEAT 
IEAT 
IIEAT 

r m . i T R  

0 
0 
0 

0 
2 
0 

I4 
0 

I4 
0 

67 
0 
6 
0 

0 

0 

, 

VSD lo Sld - R1 
VSD & EEhl - ROF 
VSD & EEhl - R I  
EEhl - ROF 
EBhl - R I  
EEhl- ROF 
EEhl - RI 
EEhl - ROF 
EEhl - R I  
EEhl - ROF 
EEhl - R I  
EEhl -ROF 
EEhl - R1 
EEhl - ROF 
EEhl - R I  
EEhl - ROF 
EEhl- RI 
EEhl - ROF 
EEhl . R I  
EEhl - ROF 
EEhl : RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl -RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 

EEhl - ROF 
EEhl-  R I  

Mehi. RI 

2 
0 
2 
0 
I 

I 
2 

13 
I 4  

263 
42s 
Nl'l 

I 
IS 
17 

0 
17 
0 

974 
1.1'18 -.-. 7 7 5 1  . 
6.552 

IO.SS9 
533 
958 
IS2 
274 
48h 
749 
448 
740 
46 
hS 

7 
7 

31 
N 
3 

13 
I4 
60 
67 

6 
6 
2 
'2 
I 

7 
0 
31 
0 
3 
0 

hlTR-63 
hlTR-63 
h lTRdl  
h lTRdl  
hITR-193 
LITR-I93 
hlTR-I94 
LITR-194 
hlTR-493 
hlTR-493 
hITR-494 
hlTR-494 
hITR-495 
hITR-195 
hlTR-196 
hlTR-196 
hITR-197 
hITR-497 
hITR-198 
hITR-198 
hlTR-499 
hlTR-499 
hlTR-195 
hITR49J 
hlTR-196 
hlTR-196 
tslTfi-SM 
LITR-HX) 
LITR-MI 
hITR-%I 
hITR602 
hlTR-502 
hlTR-503 
hlTR-93 
hlTR.504 
hlTR-504 
hlTR-545 
hITR-%S 
LITR-506 
hlTR-96 
hlTR-197 

I 52 11.3 
1.73 9.9 
1.52 11.3 

3 
I 
I '  I 

0 
1.73 9.9 
3.62 4.8 
4.62 3.7 
3.49 4.9 
4.62 3.7 
1.20 13.3 
1.3s 12.8 
1.25 13.8 
1.33 13.0 
1.29 13.3 
1.35 12.8 
1.29 13.3 
1.35 12.8 
1.29 13.3 
1.35 12.8 
1.2Y 13.3 
1.35 12.8 
1.29 13.3 
1.35 12.8 
3.62 4.8 
4.62 3.7 
3.62 4.8 
4.62 3.7 

I 
2 
n 0 

2 
0 .  

2 
I 
2 .  
I 

2 
0 
I 
0 

I 
0 

26 
0 
I 

I I 
23 
26 

I 

28 
31 

I 

1.107 
1.762 

46 
31 
0 
I 
0 

65 
46 
65 
46 
65 

I83 
261 

I130 
I.OJS 

4R6 
749 
4R6 
749 

0 .  

0 
I 
0 
I 
0 
4 

I 
0 
4 
0 

14 
0 
2 
0 
2 
0 
I 
0 
I 
0 

I 
4 
4 

I5 
17 

I 
3 
4 

13 
I4 

IIEAT 
IIEAT 
EVAP 
EVAP 
EVAP 
EVAP 
I E A T  
IIEAT 
IIEAT 

EEhl - ROF 
EEhl - RI 

. E E h l - R I  
EEhl - ROF 

* EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEhl - R I  
EEhl-  ROF 
EEM - R I  
EEhl - ROF 
EEhl - RI 
EEhl-  ROF 
EEhl * R I  
EEhl -ROF 
EEhl - R I  
EEL1 - ROP 
EEhl * R I  
EEhl . ROF 
EEhl - RI 
EEhl - ROF 
EEL1 - R I  

m i  - ROF 

0 
17 
0 I 

I 
2 

9 2 
0 
2 
0 
I 
0 
I 
0 

17 
0 

31 
0 
4 
0 
I 
0 

I 
I 
I 
I 

13 
14 
23 
26 
3 
4 
I 
I 

4b 
65 
46 
65 

730 
1.0.0 
1.324 
1.895 

I.2Y 13.3 
1.35 12.8 
1.29 13.3 
1.35 12.8 
1.29 13.3 
1.3s 12.8 
1.29 13.3 
1.3s 12.8 
1.29 13.3 
1.29 1.35 12.8 13.3 

1.35 12.8 
1.29 13.3 
1.3s 12.8 
3.62 4.8 
4.62 3.7 
3.62 4.8 
4.62 3.7 
1.2Y 13.3 

1.3s 1.29 ' 12.8 13.3 
1.15 12.8 

IIEAT 
IIEAT 
IIEAT 
IEAT 
IIEAT 
I E A T  
!EAT 
HEAT 
E A T  
HEAT 
HEAT 
EVAP 
EVAP 
EVAP 
EVA? 
HEAT 
IIEAT 
IEAT 
IIEAT 

I5 
17 
28 
31 
4 

I4 
0 

26 
0 
6 

183 
'26 I 
46 
65 
46 
65 

486 
749 
486 
749 
730 

1.045 
46 
65 

4 
I 
I 

0 
, I  

I 
0 
2 hlTR-197 

hlTR-198 
hlTR-198 
hITR-547 
LITR-547 
hlTR-.(OS 
hITR-.YX 

0 0 
2 
0 

I4 
0 
I 

I 
2 
IS 
I7 

I 
2 

13 
I 4  

2 
0 

17 
0 
I 



Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 

End Old& 
I 'w _ _  ..- J Y L  __ . 
hlolon hITR.509 
hlolan hITR.509 
hlnlon hlTRJIO 
hlu1orr hITR.5IO 
hlolon h lTR4I I  
hlolon hITRJI I  
hlolon hITRJI2  
hlolon h lTRdl2  
hlolon hlTR-513 
hlolom hITR-S I3 
hlotom hlTR-199 
hlolon hlTR-199 
hlolan hITR-200 
hlolan hITR-200 
hlolon h lTRJI4  
hlolon hlTR-514 
hlolon hlTR-SI5 
hlolon hlTR-5 IS 
hlolon hITRJI6 
hlolon hlTR-516 
h f O l O N  hlTR-517 
hlolon LITR-SI7 
hlolon hlTR-SI8 
hloton LITR-SIS 
hlo1om hlTR-SI9 
hlolon hlTR-519 
hloton hlTR-520 
hlofom hlTR-520 
hlolon hlTR-201 
hlotom LITR-201 
hlolon LITR-202 
hlolom hlTR-202 
hlolom LITR-65 
hlolon hlrR-65 
hloton hlTR-66 
hlo1on hITR-66 
hlolon hlTR.203 
hloton hlTR-203 
hlolon hlTR-204 
hloton LITR-204 
hlolors hlTR-67 
hlolon hlTR-67 
hlotora MTR-68 
hlotam hlTR-68 
hlolon hlTR.205 
hlolom hITR-205 
hlolon hlTR-206 
hlolora hlTR-206 
hlo1on hlTR-69 
hlolon hlTR-69 
hlolon LITR-70 
hlo10n hlTR-70 
hlolon hITR-207 
hlolom LITR-207 
hlolon hltR-208 
hlolon hlTR-208 
h!OION LITR-71 
hlolon hlTR-71 
hlotan hlTR-72 
hlolon hlTR-72 
hlolon hITR-209 
hlolon hlTR.209 
h!OlON LITR-210 
hloton LlTR-ZID 
hlolom hlTR-73 
hlmn LI'TR-73 
hloton LITR-74 
hlo1on LITR-74 
hIo1orr hlTR-132. 

L'rC Ram13 
zcel?,mlw. - 
mi . ROF 
EEhl.  RI 
EEhl . ROF 
E E h l .  RI 
EEhl.  ROF 
E E h l .  R I  
EChl - ROF 
EEhl.  RI 
EEhl - ROI: 
EEhl. RI 
EEhl . ROP 
EEhl. RI 
EEhl . ROI: 
E E h l .  RI 

EEhl . RI 
EEhl. ROF 
EEhl. R I  
EEhl.  ROF 
EEhl - RI 
EEhl - ROF 

tiehi. ROP 

Nci Siriugs IO 
Swing, II~FUIIICII 

(I!J94 $J. R n l l y  
1.324 1.29 
1.89s 1.15 

46 1.29 
6S 1.1s 
46 1.29 
6.5 1.3s 
46 1.29 
6 )  1.35 

183 1.29 
261 1.3s 
486 3.62 
740 4.62 
486 1.62 
749 4.62 

I)iwnmiud 
I'.yl,arL 

I'Cri<hl 
11.3 
12.8 
I1 1 
I?  x 
11.3 
12.3 
11.1 
I2 R 
13.1 

4.8 
1.7 
4.8 
3.1 

11.3 
12.11 
13.3 
12.8 

i2.n 

BRKIADhI .00ZSI 
BRKIADhI -00251 
DRKlADhI -00251 
DRKtADhI -002S1 
BRKlADhl~00251 
BRKIADhI -00251 
BRKIADhI -00251 
BRKlADhI -002S2 
URKlADhl .00252 
BRKIADAI - 0 0 2 9  
BRKlADhI. 00252 
BRKlADhl.002.(2 
BRKlADhl -002S2 
BRKlADhl-002Sl 
BRKIADhI -00252 
BRKIADhl -00252 
DRKIADLI -00252 

I E A T  
I E A T  
IEAT 
I E A T  

I 
0 
I 
0 0 

I 
0 

I 
I 
1 

I E A T  
HEAT 
I E A T  
EVAP 
EVAP 
EVAP 
EVAP 
I E A T  
HEAT 

I 
0 
4 
(1 

4 
n 

4 
I 

I 

I 
I 

13 
14 

I 
I 
I 
I 

21 
26 

2 
0 
2 

2 
0 
2 

0 
I 
0 

17 
0 
I 
0 
1 
0 

31 

0 
I 
0 

14 
0 
I 
0 
I 

26 
n 

46 
6S 

7.30 
I .(us 

1.29 
1.35 
1.29 
1.35 
I .29 

I 
I 

I E A T  
I E A T  
HEAT 
I E A T  
NEAT 
I W T  
IEAT 
HEAT 
HEAT 

li 
17 

46 13.1 
12.8 . 1 1 3  
12 n 

1.35 
1.29 
1.35 

65 
46 
65 

1.324 
1.805 

46 
65 

1113 
26 I 

BRKIADhI -00252 I 
I 

28 
BRKMDII -00252 
BRKlADhl -00252 
BRKIADhI -00252 

EEhl . RI 
E E h l .  ROF 
EEhl - RI 

EEhl-  R I  
EEhl - ROP 
EEhl - RI 
EEhl - ROF 
EEL1 - RI 
EEhl . ROF 
EEhl . RI 
EEhl - ROF 
EEhl - RI 

mi - ROF 

1.29 13.3 
I2.R 
11.3 
12.8 
13.1 
12.8 
5.h 
3 7  
4.8 
3.7 

1.35 
1.29 
1.35 
I .2!l 
1.35 

4.61 
3.62 
4.62 

1.69 
I .a 
1.73 
3.05 
4.61 
3.05 
4.61 
1.40 
1.69 

I .69 
3.05 
4.61 

4.61 

1.69 
1.40 
1.69 
3.05 
4.41 
3.05 
4.61 
I .40 
1.69 
1.40 
1.69 

4.61 

4.61 
1.40 
1.60 
I .40 
I 6 0  
1.111 

3.05 

i.4n 

I ,412 

3.0s 

i.4n 

3.05 

3.ns 

BRKIADhl -bo2SZ 0 
I 
0 

I . I  
I I 
4 3 

n 
BRKtADhI -002S2 
BRKlADLI -00252 
BRKIADII -00252 

IEAT 
I E A T  
HEAT 
BVAP 
EVAP 
EVAP 
EVAP 
COOL 
COOL 
COOL 
COOL 
EVAP 
EVAP 
EVAP 
EVAP 
COOL 
COOL 
COOL 

I 
0 w 

P 
0 

4 
0 

4 
I 
2 
I 
2 

29 
32 

0 
I 

n 

4 
I 
2 
I 
2 

57 
M 

I 
I 
I 

RRKIADhI -00261 
BRKIADhI -'00261 
BRKlADhI -00261 
BRKIADhI -00261 
BRKIADhI -00261 
BRKIADhI -00261 
BRKlADhI .00261 
BRKIADhl -00261 
BRKlADhI . 00262 
RRKlADhl -CQ262 
BRKIADhI -00262 
BRKIADhI -00262 
BRKlADhl -00262 
BRKIADhI -00262 
DRKIADhl-00262 
BRKlADhl -00262 
BRKlADhl . 00264 
BRKlADhI -00264 
BRKIADhI -00264 
BRKlADhI .00264 
BRKUDhl-00264 
BRKIADhI -00264 
BRKIADLI -00264 
BRKIADLI -00264 
BRKlADhI -00265 
BRKlADhl-OM6S 
BRKIADhI -00265 
BRKIADhI -0026s 
BRKIADhl -M265 
BRKlADhI -00265 
BRKlADhl -00265 
BRKIADhl.0026S 
BRKIADhl -00267 
BRKlADhl -002267 
BRKIADhl .00267 
BRKIADhl -M267 
BRKlADhl -M267 
BRKUDhl -M267 
BRKIADhl -M267 
BRKIADhl -M267 
URKlADhl .M2,272 

338 
747 
486 
749 

2 
0 
2 
0 3.903 

9.190 
76 

I37 
338 
747 
338 
747 

3.903 
9.190 

ss 
129 
338 

12.3 
10.2 
11.3 
9.9 

12 
0 
0 

M 
0 
I 
0 

Rehi - ROF 
EEhl - RI 
EEhl - ROP 
EEhl -  RI 
EEhl . ROF 
EEhl - RI 
EEhl - ROF 
EEhl - RI 
EEM - ROP 

RI 
EEhl - ROF 
EEhl - RI 
EEhl. ROF 
EEhl - RI 
EEhl - ROF 
EEhl . RI 
EEhl . ROF 
EEhl - R I  
EEhl - ROF 
EEhl - RI 
EEhl - ROF 
EEL1 - RI 
EEhl - ROF 
EEhl - RI 
EEhl . ROF 
EEhl - R I  
EEL(. ROF 
EEM - RI 
EEhl - ROF 
EEhl - RI 
EEhl . ROF 
EEhl . RI 
EEhl - ROF 
EEhl - RI 
EEhl - ROF 

0 
2 
0 
2 
0 

12 
0 
0 
0 
2 
n 

5.6 
3.7 
5.6 
3.7 

12.3 

2 
I 
2 

29 
32 
0 
0 
I 
2 

I 
2 

57 
M 

. I  
I 
I 
2 

10.2 
12 3 
10.2 
5.6 
3.7 
5.6 
3.7 

12.3 

12.1 

S.6 
3.7 

117.2 

1n.z 

COOL 
EVAP 
EVAP 
EVAP 
EVAP 
COOL 
COOL 
COOL 
COOL 
EVAP 
EVAP 
EVAP 
EVAP 

747 
318 
747 

5s 
129 

3.003 
Q.IW 

338 
741 
33R 
747 

3.903 
0.190 

55 
129 
338 
747 
338 
747 

3 . w  
9.IW 

ss 
120 
60 

0 
2 
0 

I 
2 
0 

I 
2 2 

0 
0 
0 

0 
29 
32 

1 
32 
0 
2 
0 

2 
I 
2 

29 

5.6 
3.7 

12.3 
2 
0 

2 
57 COOL 

COOL 
COOL 
COOL 
EVAP 
EVAP 
EVAP 
EVAP 

32 
0 
0 

2 
0 

n 

32 
0 
0 
I 
2 

M 
I 
I 
I 

I 

10.2 
12.3 

5.6 
3.7 

in.? 

0 
2 
0 
64 

I 
2 

2P 
3: 

5.6 
3.1 

12.3 
in.: 

2 
0 

12 

2 
s7  
61 

0 
I 
0 

12.1 

14.7 
in.? 

0 
0 
0 

0 
0 
I 



i Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 

End el$. B c  Eu'sing 
Vre Tvw-4- TcchmloEy 
hlolon hlTR432a BRKlADhl -00273 Fan hlolor 
hlo1on hlTR432b BRKUDhl -00273 Fan hlotor 
hlo1on hlTR432h BRKMDhl -00273 Fan hlotor 

Fan hlolor 
Fan hlotor 
Fan hlotor 
Fan hlotor 
Fan hlotor 
Fan hlolor 
Fan hlolor 

hlolon 
hlolon 
hlotor( 
hloton 
hloton 
hloton 
hlo1on 
hloton 
hlolon 
hlolon 
hlolon 
hlolon 
hlolon 
hlo1on 
hlo10n 
hlolon 
hloton 
hlolon 
Moton 
hlo1on 
hl01on 
hlo1on 
hIo1on 
hloton 
hlo1on 
hloton 
hlolon 
hIo1on 
hlolon 
hlolon 
hlo1om 
hlolon 
hlo1on 

hlobn 
hl01on 
hlo1on 
hlo1on 
hlo1on 
hloton 
hloton 
hloton 
hlolon 
hlo1on 
hlolon 
hloton 
hIo1on 
hlo1on 
hlo1on 
hlo1on 
hlolora 
hlolon 
hloton 
hlolon 
hlo1on 
hlblon 
hlo1on 
hlo1on 

hlolon 
hlo1on 
hlo10n 
hloton 
hloton 
hlo1on 
hlolon 

hfOlON 

hblON 

hlTR432c 
hlTR432c 
hITR433a 
hlTR433a 
hITR433b 
hlTR433b 
hITR433e 
hlTR4X-a 
LITR-75 
LITR-75 
hlTR-76 
hlTR-76 
hlTR-77 
hlTR-77 
P h I T R - I2 a 
P h I T R - I2 a 
PhlTR-12b 
PhlTR-12b 
PhlTR-l2c 
PhlTR-12c 
PhlTR-131 
PhlTR-131 
PhlTR-13b 
PhlTR-lb 
PhITR-1% 
PhlTR-IL 
PhlTR.lSa 
PhlTR-I5a 
PhITR-l5b 
PhlTR-l5b 
PhlTR-1% 
PhlTR-1% 
PhlTR-16a 
PhITR-I6a 
PhlTR-l6b 
PhlTR-16b 
PhlTR-lbc 
PhlTR-IQ 

PhITR-170 
PhlTRm17b 
PhlTR-17b 
PhlTR-170 
PhlTR-170 
PhITR-20 
PhlTR-20 
PhITR-21 
PhITR-21 
PhlTR-23 
PhlTR-23 
PhITR-24 
PhITR-24 
PLITR-25 
PhlTR-25 
hlTR434a 
hITR4Wa 
hlTR4Wb 
hITR434b 
hlTR434c 
hlTR434c 
hlTR435a 
hlTR435a 
hITR435b 
hlTR43L 
h I T R 4 3 k 
h I T R 4 3 b 

PhlTR-l'ln 

BRKMDhl -00273 
BRKIADM -00273 
BRKIADhl -00273 
BRKIADhl -00273 
RRKlADhl -00273 
BRKIADhl -00273 
BRKIADhl -00273 
BRKlADhl -00273 
BRKlADhl -00273 
ORKlADhl -00273 
ORKIADhl -00273 
BRKIADhl -00273 
BRRIADhl -00273 
BRKIADhl -00273 
BRKIADhl .00273 
BRKIADhI -00273 
BRKIADhI -00273 
BRKlADhl -00273 
BRKIADhl -00273 
BRKIADhl -00273 
BRKIADhI -00273 
BRKIADLI -00273 
BRKIADLI -00273 
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Table 3.5b. All Non-Building ERGS: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3Sb. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.5b. All Non-Building EROs: Annual Energy and Demand Reductions 
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Table 3.6b. All Non-Building EROs: 
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Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.a .  All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.6b. All Non-Building EROs: Present Values of Costs and Savings 
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Table 3.7a. Building EROs Constituting the Minimum Life-Cycle Efficiency Resources: 
Annual Energy and Demand Reductions 
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Table 3.7a. Building EROs Constituting the Minimum Life-Cycle Efficiency Resources: 
Annual Energy and Demand Reductions 
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Table 3.m. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources: 
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' Table 3.7b. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources: 
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YJY 
1 1 1 ~ 1  
1.11) 

WJ'I 
. s a  

)6 171 
4I .64  
1.4m 
1J9J 
4.Ul 

161.111 
S0.W 
77.81 
3I.Wl 
13111 
14 Ca 
zl.911 
I4.41J 
4 x 7  
4 . I I  

6.IW 
6.111 
4.117 
4.129 
IJII 
1.419 

497 
111 

151.71) 
1 I I M 1  
9 2 A 1  
72 011 
J4.IW 
1JU 
11Jbl 
19.919 

6 . m  

7 . n )  

4.m 
1,WJ 
I .3aJ 
1917 

I 1 9  
157.010 
101.911 
94.195 
JJ 0 2  
l l . 6 1  
7121 
J J W  
4.IlJ 
1919 
l.OP 

Ill 
141147 
D.XU 
17.141 
a4.m 
lJ.791 
7,011 
1.m 
I ,n4 

IP. I lJ  
41.641 
11.701 
IJII 
I J 9 6  

11.112 
I16W 
1.662 
1,914 
I l l1 

741 

I W  
1 MI 
zu 
ID 
U 

511.w 
1 I E  
112' 
I I e, 
I II 

l5Jb9 
I) 9'4 

i 9 . w  



Table 3.8a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 

w 

z w 

nion ' 
SINOLE PAUlLY DETICllCD llOUE0 
DIIUCT.8 
DU)(UI 

m r  
%u.r .I 
L I W  

w 
-lurm- 

8DX 
1999 
7J7l 
si44 
w1 
1.111 
1.101 

xu 
%I 
I 9 1  

11.141 
9.444 
89Sl 
4l7l 

1m1 
1959 
I S 9  

ni 

im 

ni 
iasa 

ssn 

am 
6w 

71,Wl 
I O L W  

1m 
4 .m 

11.17l 
I1YI 
S.IY 

1JX 
Xl 

IIJ91 
14.101 
9 P l  

847 
97 

ll.111 
3 . IU 

9JJO 
8W 
4 1 1 0  
1.714 
1111 
IdM 
n1 
(71 
117 
11 

I14 118 
3 9 7 1  

7, IY 
4.147 
1% 
1.114 

U S 1 1  
41.984 
11.111 
11.441 
1J19 
lNI 
1.101 
1.9U 

749 
u4 

JIB11 
1110) 
M.IS1 

1.119 

1-10 
an1 
1% 
1.461 
1111 
I S  
1.194 

701 
tW 

41'#41 
19.461 
11111 
16.W 
6.W 

W.147 
I9211 

un 

*.in 

nni 

im 

a . i i s  

mw) 

1.w 

m a  
\&.I 
)rb* 

-ti-- 
HA 
N I  
HA 
H A  
HA 
H 1  
HA 
HI 
HA 
HA 
N I  
HA 
HA 
HA 
HI 
H A  
HA 
HA 
L A  nl 
HA 11961 
HA 71.Wl 
HA lOSC9 
HA 1.614 
HA 1.W 
HA 4,788 
HA lso( 
HA ($4 
HA 11.111 
HA I S Y t  
HA 1.IY 
NA HA l J 7 l  4J71 

HA , 11.191 
HA 14,101 
HA 9ftl 
HI 847 
H 1  91 
NA 11.111 
HA HA l4.111 9.714 

HA OlW 
HA 
HA 
HA 
HA 
N I  
HA 
HA 
NA 
HA 
HA 
HA 
HA 
HA 
HA 
HA 
NA 
H A  

HA mi 

ml,  
\*.I 

Ne L W  
C.. 

1100 
S.9W 
7J71 
si44 
;111 
;Ill 
1.101 

871 
w 
l l 1  
I 91  

11.111 
9.444 
1.m 
4l71 
1.71 
1JO1 
1219 . IY( 

, -llms!- 

.,... 
6 W  
4 1 1 0  
1,714 
1111 
1.664 

911 
671 
111 
84 

114.111 
Y.911 
US1 
7.1ll 
4.141 
lJI1 
1.114 

HA UJ11 
HA 41.984 
HA 11.111 
Hh 11.4:: 
HA 7119 
HA 1Nl 
HA 1.101 
HA 1- 
HA 749 
HA 111 
HA 11.011 
HA 1110) 

HA 1.111 
NA 1.119 
H A  l f l 1  
HI HA 21,441 1811 

HA HA 1Yl 1.441 

HA IJIl 
HA I J tL  
HA HA lJt1 1.w 

im 

HA M.ISI 

HA 701 
HA I W  
NA WYl 
NA 19.461 
HA I1111 
H A  
HA 
H A  
HA 

16m- 
4 . w  

W.14' 
19.914 

mr 
\&.I 

?rrL.* DI-.1 
k b p  

nzn 
Y2r 

11.m 
a 4 9 0  
IOL.7 
io.in 
8 . m  
1244 
1.73 
1 .m 

916 
1ll.W 
J I U l  
112s 
14.411 
I 7J I I  
9.111 
7 J x  
7 1 1  
u1 

111111 
ll1.117 

1 9 W  
3 L w o  
PJM 

8SXl 
1J44 

Il9sn 
10.011 
11LM 

8.111 
IKM 

l.194 
14.111 
11% 
11114 

147 

m.719 

aaim 

II~SR 
8o.m 

w m  
41.440 

1 4 3 6 )  
Il*I 
9,711 

1,100 

ml, 
\.I. .I 

N" u 
DILl 
I.* 

1 S l l  
4 1 %  
4 J78 
1118 

0 
1 3 9  
IJ11 

3 4  
IU 

0 

-%+ 

n.iu 
w i t  

r . m  
i . ?w  

4949 

119 

1.194 
111 

1111 
141.411 
9 lJ l4  
1911 

0 
678 

IS1 
IS47 

410 
0 
0 
0 
0 

1.191 
119 

9 . w  
9m 
9.114 

911 
71 

MJ I1  
U S 1  

0 
0 

I .w 
I PJ 
1141 

... . 149 
6.711 487 
1dQ 171 
1191  0 
ISM 414 
2d 70 

111211 39.411 
II4.4M 
IMdOl 
0.140 
n.rw 
14200 
4JII  

4% 
I l 4 . I l l  
111379 
111>18 
(IS1 
Y.691 
19m 

1.m 
1Cm 

111 
111,440 
111J94 
1M.111 
11.411 
10.7% 
6901 

88L9 
10.411 
l o r n  
8.W 
8111 
1.174 
4247 
1dW 
1.1.1 

bw 
l f l 7 fM  

I l V J l l  
OJ01 

71 .V  
-1.1% 

iim 

9 b . i ~  

n m  

0 
0 

1.711 
717 
UI 
711 

0 
61.691 

19.560 
7-7 
J.4U 
1 P O  
1m 
1JM 

411 
I19 

0 
11114 
16911 
1.189 
1 u p  
lzIt 

l1N9 
469 

0 
1.40 
w 
W4 

1.167 
7n 
196 

0 
1s4m 
11.980 

11.416 
1111 

nm 

, am 

0 
0 

m l  
V b  .I 

1.U 
*&I. 

Aef.m.-. 4 l . W  
3.167 
ms97  
n m  
IIY 
1o.m 
l o rn1  
4.111 
1.471 
1 l M  

916 
Ill.179 
41.011 
.la% 

Hn 
**e 

. 4 f L  wsw 
2x4 
W m l  
1I.W 
8240 
8 0 3  
72M 
9 3  
1.1n 

911 
7 3  

1163U 
1 4 J I l  
11Ul 

W.191 I W W  
17.471 11.711 
11.111 9.214 IOJW 1316 

7.461 1J71 
4.117 1 3 4  

$01.564 1911)91 
JXSI Y7yt 
41JI4 11Jm 
Y.oM W J U  
uJ11 18.411 

10.114 l a 1 4  19Y 1.1s 

110.987 l a J I 4  
7 0 R l l  14211 
urn l 7 L U  

I I J W  Ifu 8 9 X  11111 

67.4M I l K M  
61981 4 9 W  
40919 11.611 
1.701 4u 

an9 111 

41.440 i izm 
nzn 1 9 m  

aim ir.in 

a i m  i i i ~  

114,791 IW.114 
101.461 80311 

19978 MbU 

11.w 11JM 14.144 1111 

11.191 1.241 8.770 1J76 
4.111 la 
aau 1101 

1.211 

1M 111 
7U.114 YIPII 
IIIAJO n.w 
I W N I  M.071 79.7w P944 

11.461 IWl1 14.116 11,491 
1J91 4 y t  

424 . la4 

I74J9I 111901 
111978 I W Y  
:Is= S 3 . w  

P.711 I S M  

l J l 4  lM1 19Y la 
911 117 

I l lLM 9S.W 
Ism nm 
111.110 0 1 1 4  91.119 11.444 

IlJ7b 9.417 
I W 9 U  1.195 79lV 8.111 
11.114 8s: 

7 . w  1.4n 

4.487 i.111 
1.w bw ami xu 

i w n i  u i n o  

nm u.101 i . i i t  l l x d  

I0.m 9.49) 7.4u 7B11 

4.161 4YI 
1.411 4 W  

111IIy Iuy .161  
IUJ'b IaWI 
IlIJI1 94.171 

4111)' 
19.169 
1 l A M  
11.Ml 

.~ 
6im4 
I Z I b  
7 l . V  
71.194 

4M 
4 6 4  

4 6 4  
4 u )  
464  
4% 
4 J o  
4m 
4m 
4.30 
4.40 
440  
4 4 0  
4 4 0  
4 4 0  
4M 
(lo 
(lo 
4M 
4M 
4lo 
4JO 
(lo 
4.M . 4M 
4M 
4 x 0  
4M 
4m 
4 W  
4 W  
4m 
4m 

4 W  
4 1 0  
4.10 
4 10 
410 
4 IJ 
4 10 
410  
4.10 
4.10 
4 I O  
410 
4m 
4m 
4m 
4.M 
4m 

JSO 

190 
1 W  
190 

am 

4m 

4m 

4 r n  

i w  

i w  
i w  
i w  
im  
1 W  

1x0 
110  
1 so 
110  
110  
170 
I ' 0  

o,.w*I( 
*uM 

;: 
1.7 
11 
1 7  
4 1  
I 1  
1 6  
1 7  
1s 
11 
11 
11 
11 
I S  
1 9  
1; 
1s 
1 9  
1 7  
1 9  
15 
4 0  
I O  
1 9  
1 9  
1 9  
1.9 
4 1  
4 1  
4 1  
4 J  
4 0  
1 9  
4.1 
40 
4 1  
4 1  
4 1  
4 1  
4 1  ' 
4s 
4 1  
4 1  

4 1  
4 1  
4 1 
4 1  
I 1  
4 1  
4 1  
4 1  
4 1  
49  
4 1  
4 1  
4 1  
4 1  
1.1 
4 1  
4 1  
4.4 
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
1 2  

41 
4s 
4 J  
4 J  
4.7 
4 4  
4s 
4 *  
4 7  
4 6  
46 
4 1  
4 1  
I> 
4 1  
4 7  
4 1  
4 .  
4. 
1 9  

' 4 1  

( a  

ai 

h. 
C U  

- 1 l e e L  
tJm 
1999 
7J71 
Jdd( 
12U 

1.101 
I71 
xw 
I 9 1  

11.141 
9.444 
8911 
4.271 

l10l 
I 919  
IS9 

am 

ni 

izn 

ni 
iasa 
7l.Wl 
lO.mO 
l o r n  
S.W 4.788 

1.W 

11.111 
11111 
1.138 
4J71 
l J 7 I  
Xl 

1S.191 
14,191 
% W l  

847 
97 

11.111 
3 , l l l  
9.714 
9JJO 
6W 
4 1 1 0  
1,714 
1111 
IdM 

911 
671 
111 

1 4  
111.111 
Y.917 
3111 

4.117 
1% 
1.111 

Im 
US11 
4 1 . M  
11.111 
l a c 1  
7JI9 
I W I  
S.101 
13W 

?49 
zJ4 

11M1 
11.m 
JO.111 
JJ6 l  
1.119 
am1 

17.641 
1Ul 
Zyi 
1,461 
IS1 
IW 
1.194 
I . IW 

701 
101 

H 7 Y l  
19.461 
11141 
1 1 E  
6.741 

0.04' 
I9914 

6n 

7.11) 



Table 3.8a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 

w 
E 

Present Values of Costs and Savings h,- .& V h . 1  
0. w.Il 

14241 HA 
1.161 NA 
(.MI NA 
J111 NA 

1.410 NA 
MI HA 
p1 NA 
6J HA 
19 NA 

UMl HA 
11.149 NA 
IZY NA 
lm NA 

611 HA 
501 NA 

I14 HA 

7 0 m  HA 
11Ud HA 
1961 HA 
6m HA 
1101 HA 
1547 HA 
1.144 L A  
IJU 1,119 NA HA 

1071 NA 
1% NA 

J9 MA 
1.119 HA 
1311  HA 
1310 HA 
IJ74 HA 
22.4 NA 
I44  HA 
61 HA 
41 NA 
I I  HA 

I l . IW HA 
IJPJ4 HA 
I I d I J  NA 
4519 HA 
15% HA 

7JJ HA 
=I NA 
YO NA 
7 HA 

,1271 NA 
I lJJ l  NA 
I f =  HA 
1.OJI HA 
1.Y1 NA 
1.49 NA 
1.JW NA 

M H I  
I 6  NA 

S A X  NA 
1241 NA 
I.MY HA 
U7 HA 

4 9  
0 1  
41 
4J 

I1510 
lyb 
IS9 
9m 
SI6 
776 
I 0 9  
76 

l4lJ67 

l o r n  
9 J I  
1m 
J 9 6  
Z79J 

914 
m 

v h . 1  mr* 

-um- 

rm nA 

m HA 

inJm HA 

im NA 

*.im NA 

71 tu 

u# n* 

4t.m 

nA 

n* 

n* 
n A  

N I  
HA 

NA 

H I  
N* 
N& 
HA 
HA 
N* 
NA 
HA 
NA 
NA 
N* 
N* 
N* 
H A  

la 
J 4 J I I  
4 1 3 M  
17900 
14,419 
1I.W 

na 
N A  

*".I 
V h  .I 

Ne L& 
C.. 

14,261 
1361 
4.JOI 
1.611 
lpn  
1 . 0  
MI 
W 
61 
J9 

11.149 
l.7Y 
ISQI 

6II 
JOl 

I14 

70277 
llrU 
190 
6JIa 
1W 
1 9 7  
1.144 
IJU 
1.119 
Ira 

J Y  

19 
1.119 
1311  
I310 
In4 
n4 
I44 
41 
41 

-(IPO(n 

n.wi 

m 
ns$m 

im 

a.im I I  

1J.W 
IJP14 
11111 
45J9 
I SJO 

7J1 

W 
7 

1,271 

llm 
1PJ I  
1.w 
1.09 
1.1m 

7 1  
M 
I6 

1A l6  
5 P J  1.W 
U7 
em 
0 9  
411 
41 
4J 

JIJIO 
lyb 
1999 
9m 
SI6  

I09  
76 

01.J67 
49.179 
l o r n  
9 J D  
1m 
J 9 6  
1.79, 

914 
m 
I@ 

14J.I 
4 l2M 
1'90) 
I 4 , M  
I1.W 

mi 

iini 

n6 

h.r* 
W" .I 
Err". 
IM 
brill 

M S L  11144 
19.441 
1I.W 
IO.)?) 
10397 
4.611 
2.107 
MI 
*I 
141 

0 . 1 4 6  
WJ19 
6.4W 
4246 
1,711 
I .-m 
IO 
411 

3 9 s  
1 J l S l  
U217 
IJ.69l 
9901 
7.4I 
1 . 0  
1571 
1.72 
I111 
I u (  

J11 
I W  

16.711 
I241 
7247 
4lJ7 
1Y 
4 I  
147 
141  

msn 

. .  
Y 

1lJ.IM 
4 1 5 4  
4J.111 
41.10 
IldI 
4.7s 
I l l s  

ow) 
61 
I J  

S1,'MO 
Jl.611 
w.114 
11.764 
1M1 
4 1 1  
4-21) 
U1 
111 
11 

l lAJ4 
11.l41 
6.W . 1.101 
IJJt 
1.170 
I241 
Ill 
I J l  

6I$lt 

4.M 
1954 
1911 
1.1Jl 

JIJ 
W 

0 1 4 4  

11619 
11.J91 
7 . m  

1.m 
644 

t m  

7 1 ~ 1 6 1  

i.-a 

mi 

la 
I J 4 1 Y  
116.116 
9,414 
J'M' 
Y Y  

*".t 
\ h . l  

"*. u 
a u t  
.'us' 

WSl- 
I4.J.d 

0 
1,MI 
1.IJI 

01 
111 

0 
0 
0 

l I 7 4  
0 

IC11 
1114 

4 0 1  
IU 

0 
0 

JOZU 
0 

9m 
J P O  

0 
IJO 

1.444 
IS0 

161 
677 
ey 

0 
0 

nt 

i 
nr 

1 L I  
lJ9 

1m1 
I94 

0 
0 
0 
0 
0 
0 
0 
0 

J d Y  
MI 

0 
0 
0 
0 

6.161 

J p 6  
I 5 4  

0 

14547 

6,n: 

0 
0 
0 
0 

1.611 
lfzo 

J47 
LID 

0 
0 
9 
0 
0 

J 4 L S  
110 

1.48) 
m 
1U 
619 0 

0 
0 

111'4 
s m  
IJU 

111 
I J I  
641 
119 

0 
0 
0 
0 

II J= 
I 1JO 
I M J  

nr- 
Vd", .I 

T..l 
L,",. 

9%- 
19.411 
((Lo) 
IJJZJ 
10144 
1541 
1119 
MI 
111 
141 

91 .W 
40J9 
6.114 
1.460 

lJ24 
sa 
4 1 1  

1 1 9 p 6  
4J.W 
J1.417 
Ildp1 
9.711 
SfJ4 
7.419 
6.07 
J.9QJ 
1.7Y 
IUr 

151 
I W  

l 7 M l  
1110) 
7 s  
6 J W  

in4 

6 ~ m  

re 
41 
147 
141 
l6 

IJJ, IM 
0 6 1 4  
11.11J 
41.161 
IJW 
9.109 

P I  
61 
1 

10?.167 
17.816 
11191 
11W 
7.449 
4.60 

111 
111 
11 

17.1m 
16.411 

11W 
I JJ9 
1.170 
1.141 

I14 
I J I  

9J.411 
10119 
1N) 
1.71) 
I.4U 
1JJO 

J U  
W 

1 1 1 6 1  
141.4W 
J1311 

11571 
9.194 
S2M 

646 
la 

I J 4 1 U  
Ill JI4 
J0.w 
U P  
JIJ'I 

2.41 

4-1 

7 n 1  

rw 

i m  

nn 
.wu *x- 

-.clsp(nA 
1.0 
1 7 0  
170 
1 7 0  

17.W 
14.177 
11.701 
9J l6  

7216 4.MJ . 1 I70 '0 
111s 1 '0 
I1 1:0 

J 70 
1.70 

I76 
101 

67.49 J M  
Jdo  
J M  

D J W  
4517 

J M  
J M  

1160 
IC14 

1M 
J M  

IJU 
Y 
201 1M 

454.711 1.W 
inre 130 

130 
J 3 0  

JO.911 
n.444 

1.W 
J.W 

16164 
6249 

J.W 
J.W 

6.W 
1,111 
4 1 1 4  J.W 
i n 4  1.W 
1664 1% 

wo 1% 
20 1% 
97 130 

l l . y I  1 .40 
I .A0 
1 4 0  

SEI 

140 

J41 I .40 
101 J ( 0  
im 1 4 0  
l4 J 4 0  

1 . I  
1.I 
).I 
124 

1519 ).I 
1.60 1 . I  

649 I D  
JJO :: JH) 

74.494 J a 0  
us4 la0 
u,mi la0 
10.9)) 1 W  

la0 
l a 0  

1-7 
J 3 M  
1.914 la0 

IM la0 
I46 3 1 0  
M 1 W  

11179 1 IO 
11.1JS 110 
4 n J  1 IO 
111) 1 IO 
1.W J 10 

911 J.10 
911 J 10 
91 1 1 0  
w J 10 

OPX J m  
7.111 J m  

J.m 
J m  

1107 

1.n: 

4- JZJ I 4 0  

9 J M  i m  
1.079 
I547 

m u 0  
10.70 

1967 i m  
ma 
IJ74 i m  

I14 i m  
I11 1m 

49I.W 1% 
91311 14 

190 
100 11.716 
1Jo 11m 

1- 
1.411 190 

411 1 W  
%I I50 

99Y' I f 0  
-1 I10 I10  
1110 110 

:lo 
I10 

II 419 
W N I  

1o.W 

im 
1.748 im 

I J  
I 1  
I 1  
L O  
1 4  
10 
4 9  
4 9  
10 
IJ 
I J  
1 1  
1 1  
1.1 
1.1 
1 9  
J I  
11 
J I  
11 
11 
S I  
I 1  
I1 
01 
11 
J I  
J I  
J J  
J J  
J 9  
I J  
I .l 
I 4  
61 
1 6  
I A 
6.4 
1.4 
11 
6 1  
I 4  
I 4  
I 4  
1 b  

1 6  
11 
1 4  
I 4  
I 4  
I 4  
I 4  
I 4  
1 6  
11 
1J 
1 7  
I1 
I1 
11 
1 1  
1 1  

6.0 
6 1  

4 0  
JJ 
I 6  
1 0  
6 6  
11 
6 1  
61 
I1  
6 1  
6 1  
6 1  
I 6  
7 1  
b J  
J 1  
b J  
6 4  
6 4  

1.7 

1) 

61) 

I%. 
e.. 
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Table 3.8a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
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Table 3.8a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
Present Values of Costs and Savings 
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Table 3.8b. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
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Table 3.8b. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
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Table 3.9a. Building EROs Constituting the Minimum Life-Cycle Cost 
Annualized Values of Costs and Savings 

Efficiency Resources: 
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Table 3.96. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources: 
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Table 3.9a. Building EROs Constituting the Minimum Life-Cycle Cost 
Annualized Values of Costs and Savings 
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RECREATION 
hIORAIY.UZLFARe.RECREATlON 

Dmmo I IALU 

ADDMINISTRATION U6 ADLILNISTRATION 
NIMWISTRATION OI ADhlLNISTRllTlON 
ADUWISTRATIONM ADIIRISTRATION 
BARRACKSOI BARRACKS 
EXCllANCE FACILITIES03 EXCIIANGE FACILITIII 
WAREIIOUSI? 03 WAREllOUSP 
Muaa MORALE NZLFARE R E C R E A T I ~  
DINING llALLS4J m m o  IIALIS 
ADDIINISTRATIONOl ADUINISTRATION 
RECREATION 02 RECUEATION 
N l ~ l W I ) T R A T l O N ~  
CO~It.11SSNuB 
WAREIIOLSEOJ 
hIU?.rn 
ESCIIANGE FACIIJTIESl9 
WAREIIOUSE I1  
EXCllANOE FACIIJTDStC 
SIIOPSU) 
S c i i w L r T m m o  01 

N l h S T R A T l O N  nl 

wmEnouss 
EXCIIANGE FAClLITLui 
SllOPS 
S C I I O O W ' P t h T ~ I N G  
C O ~ I M ~ A R I F S  
SIIOPS 
S C I l W L F u l u  TRAINING 
LIIUTARY OTNER 
SIIOPS 
ADhIINlSTRATION 

Efficiency Resources 

NA I0.M 
1 J67 NA I J b l  
I.UJ NA I,UJ 

414 HA NA 2(2 414 
2l2 
m NA m 
0 NA 0 

2.819 NA 2.819 
2.4% NA 2.496 
1.86) NA 1.86) m NA 7tl 
1Y NA 1Y 

n NA n 

. .  
321 HA <2l 
291 HA 291 
111 NA NA 111 U 
44 
I4 PA I4 

1.918 NA 1.918 
1.1110 NA l.Sn, 
1.7JI NA 1.7JI 
m NA y4 
io NA io 

PA i a  I19 

109 NA 109 
52 NA 52 
81 NA 81 
61 NA 61 . .. 

NA i t  

931 NA 931 

306 NA 306 
uo NA ZM 
212 NA 212 

NA I70 
86 NA 86 
u NA 3) 

I 4  8 NA NA I 4  8 

1.W NA 1.W 
$$I NA 994 
102 NA 102 

36 NA 36 
29 NA 29 

im 

n NA 0 

m NA m 

41 NA i t  
2l HA 25 

10161 NA 10361 
4.W NA 4 . M  

711 NA 711 
sa0 NA J20 
3% NA 3% 

NA IO I5 
I48 P A  I48 
IX NA I24 
106 NA I06 
(J NA 61 
6 NA 6 
18 N A  7s 
I9 I4 NA 19 

291 PA P A  M I4 

Ao.d"&.l 
VA. of 

Fmn k 
Ikmal 
S.*iy. 

(1994 I) 
J6l 
SI1 
35.2 
210 
6)) 

IM 
17 

W.134 
6.W 
6.074 
1.616 
I .m 
ml 
93 

6.868 
6.611 
2>68 
I J W  
IJJI 
I .m 
3ca 
111 
47 

7.61) 
6 J %  
6.060 

897 
623 
401 

J.IU 
cm 
465 
391 
xx) 
248 
214 
118 
90 

131.691 
J J98 
7J68 
2.761 

. lae l  
4 x 3  
4.262 
2.198 
1.129 
m 
MI 
598 
270 

79 
u 
31 

J . In  
3.613 

261 
247 
IO2 
99 

I W  
90 

33J% 

1.933 
ISm 
1176 

J7J 
4u 
326 
3u 

161 
216 
66 
48 
972 

__- 

n 9  

7.78 

Jm 

in 

i 4 . m  

im 

I k&bd 
~ . h ~ ~ r  

N m  Amd 
Qchl 

s.d.g* 
(1994 I) 

107 
. a 0  

28 
31 
0 
25 
4 

0 
0 

IW 
44 
Jo 
43 
0 

3.81J 
3.m 
1.107 
4u 
318 
190 
17J 
I 47 
26 

8 
0 

910 
9m 
MI 
I07 
7s 

1.096 
39 
0 

86 

J8 
68 
46 
n 
0 

10.686 
3,018 

,146 
781 
m 

0 
0 

0 
m 

32 
52 
7 
0 
0 
0 

zu 
0 

IOJ 
71 
29 
7 
0 
0 

2.NC 
0 

J7J 
329 

0 
9 
M 

IO7 
YJ 
19 
J4 
0 
0 
0 
4J 

-- 

14.48) 

n 

m 

im 

,rarrlvnl 
Vsbr of 

T a J  
S.bW. 

(1994 I) 
611 
661 
420 
a3 
5 3  
IYJ 
21 

44.617 
6.611 
6.074 
1.746 
I .on 

8lJ 
324 
93 

Il.ua 
IOJJJ 

2.992 
1.868 
IYI 
I .m 

45s 

JJ 
7.53 
7 m  
7PIJ 
1.198 
M 
416 

6$09 
616 
J82 
JJI 
424 
3J8 
316 

161 
90 

142177 
8.616 
7.40 
3s47 
I J W  
4.28) 
4362 
3.m 
1.129 

929 
786 
5 0  
3 0  
129 
79 
$3 
31 

5.m 
3.613 
366 
318 
I31 
106 
1% 
90 

3 6 9 2  
iwn 
2Jo8 
1.m6 
1316 

J66 
519 
433 
374 
726 
217 
216 
66 
48 

1.017 

-- 

7,722 

in 

260 

Ai .dvnl  
NLl 

S.S.U. 
11994 I) 
--53 .- 

509 
324 
186 
486 
IW 
16 

3J.914 
5.078 
4.629 
1332 
B10 
66) 
247 
71 

8dSi 
7.660 
5.817 
2269 
1.415 
1.017 
w 
Y( 
u3 
42 

J.714 
J.616 
J f N  

89a 
J47 
3J7 

4.m 

432 

YlJ 
266 
S J  
I93 
la0 
66 

101,761 
6.324 
5,468 
2.616 
1.113 
3.11J 
3.1M 
2 S l  

8L) 
68) 
574 

236 
91 
57 
38 
22 

3.91J 
2.60 

2 6  
m 
9J 

loll 
6J 

26.11J 
I0352 
1.791 
1316 

919 
YN 
37 I 
309 
266 
162 
IJJ 
l¶ 
47 
JJ 

719 

4m 

460 

n 

S.b.V., *, I ) u u . d d  
lu~wu"d P . ) W  

R.tu Pmal 
4 3 0  4 2  
4M 4 2  
4 W  4 2  
4 %  4 2  
4W I I  
4w 4 1  
430 4 2  

4 2 0  4 3  
4M 4 9  
420 4 3  
420 4 3  
420 4 3  
4 2 0  4 3  
4a0 I 1  
410 4 3  

.. .I- - 

4m 4 2  

410 4.10 410 4 3  4 4  4 4  

410 4 4  
410 4 4  
410 4 4  
4.10 4 4  
410 4 4  
410 . 4 4  

4 W  4 5  
4 W  4 J  
4 W  4 s  
4.W 4 J  
4 W  4 J  
3 90 4.7 
390 4 6  
3.90 4 8  
390 4 7  
390 4 7  
390 4 6  
390 4 6  
390 4 6  
390 4 6  
3 9 0  1 2  

dm J Z  

3 8 0  4 8  
3.80 4 7  
3m 4 8  
3.8) 4 7  
sm 4 7  

3 7 0  J J  
370 J 9  

370 4 9  
370 J J  
370 4 8  
370 4 8  
370 4 9  

370 4 9  
370 13 
370 1 3  

3 7 0  4 8  

370 3m s o  I 3  

3 6 0  3 4  
so J O  
3 M  4 9  
3M 4 9  
3M J D  
360 I J  
360 I 3  
3 %  S I  
3 %  J I  
3 W  J I  
3 %  J I  
3Y $ 9  
3W J 2  
3W J I  
3 Y )  J I  
3 %  J I  

1% J I  
3 %  1 3  
3n 16 
J W  0 1  
1 w  I 3  

in s i  



8 9  

8 1  
6 9  
6 9  
CL 
0 1  
6L 
a L  
r 9  
9 9  
9 9  
9 9  

r 9  I 
c 9  
2 9  
t 9  
t 9  
L9 
9 9  
t'9 
t 9  
t 9  
I'C 
6 9  
IL  
9 1  
1'9 
1 9  
c 9  
2 9  
29 
1'9 
1 9  
9 9  
O L  
9 1  

0 9  
0 9  
1 9  
0 9  
6 r  

('I 

rl 
8 1  

6 r  

a i  

29 

6 r  

ti 

8 r  

Lr 
o r  
9 r  
t 1  
V I  
)'I 
t I  
t I  
9 r  
9 r  
9 r  
cr 
9 r  
t l  
* I  
P I  
2 9  
r r  
t r  

t i  
9 r  

t 9  

2 9  
t l  
C I  
C l  
6 C  

IC1 
) 
0 
LtC 
LK 
0 
0 
0 
0 
*I 
r 
26s 
612 
Is) 
9 
n 
LC 

0 
0 
MI 
(61 
LD 
0 
0 
0 
0 
LC 
LC 
C I I  
s r  
P I  
69t 
111'C 
0 
0 
0 
9c 
OC 
L t  
98 
LD 
656'1 
0 
0 

0 
0 
K 
ce 
IL 
8ZC 
0 
0 
0 
0 
0 
6u1 
UI 
WC 

riz 

r 

arc 
z u  I 
0 
0 
0 
0 
ci 
112 
0 
0 
0 
0 
0 
0 
0 
0 
It  
(RI 

VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VN 
VU 
VN 
VN 
VN 
VN 
vu 
VN 
VN 
VN 
VN 

P L 
d L  
BL 
BL 
(0 L 
WL 
O L L  
WL 
OLL 
O L L  
O L Z  
WL 
wz 
OLZ 
OLZ 
( B Z  
EBL 
(B2 
OB2 
WL 
WL 
(Bz 
OB2 
WL 
WL 
( B L  
M L  
M Z  
012 
WL 
WL 
WL 
W t  
M ' Z  
MZ 
WL 
WC 
WC 
WC 
@ I C  
WC 
WC 
WC 
WC 
OI'C 
OI'C 
01 c 
OI'C 
01 c 
OI'C 
OI'C 
01 c 
01 c 
( R C  
C Z C  
( R C  
WC 
( R C  
( R C  
(E'C 
OLC 
C Z C  
C Z C  
MC 
MC 
MC 
O C C  
MC 
OCC 
OCC 
O C C  
* C  
MC 

OCC 
CtC 
OTC 

ac 

rti 
9-x. 
W C C  
19CZ 
19cz 
r c c i  
rc 
8 
01 
LI 
9c 

t C *  

19L 
I 1  

t9 
I I C  
26) 

199 
L(8 
mQ I 
rwt 
L W C  
9 
6D 
<$ 
291 
981 
LK' 
ZM 
LW 
9rs'L 

t 
IL 

L t  

911 
ne 
OEB'I 
6 
6 
ZL 
96 
$11 
or 
Lfl 
m 
UT 
t 
tI 
91 
I62 

LCI 
262 
ZIP 
889 
Z(6'1 
2 
t 
19 
It 
01 
IPL 
TU 
tW2 
tU 

L 
6 
6 
21 
91 

za 
96r 

rr 

x r  

savi  

rt 

cr 

nc 

6 x 2  

rnNouwmtuiwv 

m asnoii3nv.n 

I UINOllVUlSlNllYlN NOllWlSlNllYOV 

..... ~ 

1VlldSOII 
u).~5Wwa 

W3INn3 
1051Nn3 

.I NOIlWIsINlIYlN 
ISdOllS 
M34NVII 

80NOllVMISlNllYM 
W X i l m a l U  

1OS5350UdXlOMd 
IGXaldflU'IU 

*WNOIlVdlSINlIYW 
rnSdOllS 

9 o u n I i  

6 
P 

Nollvll-iii, 
asnoii miwvna AI 

NOIIWISINIIYM 

Sanl3 
m 

tI 
91 
I62 

LCI 
t 6 L  
LIP 
889 
LW1 . 
2 

ric 
NOllVMs% 

t 
19 
n 
01 
TPL 
ZCL 
mz 
tu 
62CZ 
2 
6 
6 
21 
CI C S  

otC 
n c  

IR 
l l C  

c ' 
i 



Bldc 

DARRACKSa6 
WWllOUSEOJ 
ADUMISTRATION U7 
WARElIOUsl!.IO 
WAREllOUSE 0 
Ftl DETACIIED02 
sc l1oovIRMHINooI  

ADAIINISTRATION 01 
sc~toourl(ruwmooJ 

Ftl.DETACIIEDOI 

M UX m 
RECREATIONOZ 
UUXO) 
Ft1,DUPLEXUJ 
WAREIIOUSE- 

SllOPSo6 
PRODIFRWW u1 
ELCCTRUNICSiO 
MUXW 
ADMINISTRATION U9 
ADhl INISTRATION Q1 
SIIOPS4IJ 
SIIOPSOJ 
BARRA<%UI 
DINING IlALLSUl 
ADUINISTRATIONOI 
PROD PROQS 0 1  
MVR417 
HARRAWSIU 
N)UINL\TWATION 4 J h  
WCW-ATION I f  

Um 

ELECTRONICS 
SCIICQLS d m  TRAINING 
BARRACKS 
CIIAPEL 

BARRACKS 
PRODUCTION d m  PROCESS 
BARRACKS 
ADLIINBTRATION 
UMWG IIALLS 
ADUINWRATION 
RECREATION 
EXI IANGE FACILITIES 
MlLlTARY OTllER 
SECURITY 
ADUWISTRATION 

siiors 

Table 3.9a. Building EROs COI 
A ~ u a l i z e d  Values 

E"* 

FU: FL IX42FWT12STDI 
FLQ: F L  IX82F96TIZSTDZ 
RmllrmbthR.V.bm 8.90 
FLQ. FL IX82F96T12STD2 

WAREIIOUSE FLQ. FL IX82F96TIZSTD2 
SMOLE FMIILY DETACllED IIOUSE F U  FL 1x4 2FW12STD2 

SCIIWLS d m  TWUNINO FLQ, F L  IX82F96Tl2STD2 
ADhIINISTRATION FL6L FL IX82F96TlZSTD2 
SINOLE FAMILY DETACllED IIOUSE FU: FL lX42FWTl2STM 
CLUBS RmrlnuhrimR.Vah890 
BARRACKS FU: FL 1x4 2F40T12STD2 
BARRACKS FU: FLZX42F4UTI2STD2 
CLUBS FLQ: FL IX82F96T12STD2 
SINGLE FAbllLY DETACllED IIOUSE FU. FL lX42FWTIZSTD2 
MORALE WELFARE RECREATION (kkr FwbSIIW I l k  
RECREATION W d  kddim R.V& 7.W 

DUPLEX 
WAREIIOUSE E-SIIW Ilk 

SCIICQLS dm r m m o  R m r w m  R.V& II.W 

MORAIB.HFLFAHE.WECREATION R m r w  R.V&W.OJ 
nBL F L  1x4 2F4Otl2ES STD2 

RI~DETACIIEDO) SING1.E FAMILY DETACllED NOUSE (kkr FwbSl lW I l k  
EXCllANOE FACIIITIESOZ EXCIIANGE FACILITIES FU: F L  1x4 IFWT12STDI 
SIIOPS02 SIIOPS Rmf M m  R.V& 8.69 
RECREATION (4 RECREATION Rmrkvbthr R.V& WOJ 
EXCIIANGE FAClLlTESOI EXCIIANGE FACIUTlES RmfbmMh R.V& 8 90 
WAREIIOUSE&5 WAREIIOUSE FW: FL 1x4 IFWTlZSTDl 
BARRACKSN BARRACKS F U  F L  IX42FWTI2sTM 
BARRACKSOl BARRACKS Wdl lnuhrim R.V& 7.W 
CLllBSQl CLUBS U'd bdd- R.Vho 0.m 

hlllLT1 FMIILY 3 OR NORE UNIT aba FuobSlIW H k  
hllLITARY OTllER Rmf lnublim R.V& Om 
BARRACKS FLS2. FL 1x4 2F40TIZCiSTD2 

.. .... MORALE WELFAREWXREATIUN olbn hrb Cmv Bdb. 

EXCIIANGE FACILITIES01 EXCIIANGE FACILITIES W d  lnuhrim R.V& 8.79 
RI.DETACI1ED 03 SINGLE FAMILY DETACllED IIOUSE FLS2 FL IX42FWI2ESSTm 
CLUBSOJ CLUBS FLII7. FL 1x8 lF96T12ESSTDI 
CLUBS02 CLUBS FL117: FL 1x8 1F96T12ESS"DI 
MILITARY OTIIEROI MILITARY OTllER RmflnubJPI RW.bm 7.1J 
OUEST llOUSES0I DIILITARY hlOBlLE IlUMES F W .  FL IX42FWTIZESSTD2 
COMhIlssARIES CObIMISSARIIS FLO. F L  1x8 IF%TI2STDl 
DINING IIALLSO) DINING HALLS Rmllnmhlk R.V& W.OJ 
COhlLllSSARmS COLlhllssARU'S 1ISIJ: IIPS IW PEND 
SECURITYO) SECURITY Rmr lnahlim R.V& W.0J 
GUEST IlOUSESOl SMOLE FAMILY DETACIICD IIOUSE FUI2 FL IX42F40T12ES STM 
ADMINISTRATION 07. ADblWISTRATlON (kkr Fwlr SIIW I l k  
BARRAL1(s02 DNIRACKS FLS2. F L  1x4 2FWTl7.W STDZ 
M)hlINISTRATION 01 ADMINISTRATION 
ELECTRONICS4D 
scIICQLIlRAmui(lo1 
BARRACKSN 
CllAPELm 
SIIOPSW 
BARRACKS01 

BARRACKS02 
NIMINISTRATION 1M 
DINING IlALLSm 
ADUINLSTRATION Ol 
RECREATION (4 
EXCIIANGE FACILITWO2 
MILITARY OTllERm 
SECIIITYOI 
ADhIWLSTRATIUN u6 

BARRACKSOI BARRACKS FLS~. n 1x4 ZFWTI~ES STDZ 

PRoD.rRwcssoi 

SllOPS 
PRODUCTION odb. PROCESS 
ELECTRONICS 
MORALE UFLFARE RECREATION 
ADMINISTRATION 
ADLIWISTIUTION 
SIIOPS 
SllOPS 
BARRACKS 
D m m o  IIALLS 

ADNINISTWATION 
I lECRUl lON 

nstituting the Minimum Life-Cycle Cost 
of Costs and Savings 

R h l i  
T d . 0  
FWP ,"I",,, 2632T8 ELC2 -----.-- 
FU8. FL 1x4 2FWT12 E L Q  
LU: LPS JJ PEND 
SuqcnklC* b k h l m b y R . 3 0  
W. LFS JJ PEND 
ISJ. 19s JJ PEND 

U2: FL 1x4 2F32T8 ELCZ 
MmC& h k d & m b y R . 1 9  
FLIII: F L  IX82F96T12ES EL= REF 
FLlJl: F L  1x8 2F96T12ES ELCZ REF 
FUZ FL IX42F32T8ELCZ 
S w C W  LnouobmMkbyR-8 
FIJI: n 1x4 2 ~ 3 2 ~ 8  EL= 
FWI: n w 4 i n i r s e ~ c 2  
FLI3I: F L  IX82F96T12ES ELCZ REF 
FW2: FL IX42F32T8ELCZ 
Wnp OU Lw Id ul In,., In,. Pp.. LFSIII. A r m o .  
D b u G  W m :  Lnouo hddk by R5.4 
S-C- LnouoPuhlkbyR.30 
FL106 F L  1x4 2F40TI2ES ELCZ 
0.76 Lw Wll (CON). In, Pip. LFSII.. Aonuors. LM ?d Trmp 
Wnp OM Lw Tmk, In,. Pp., LFSlls. An.. h a  T d  T-p 

Anb Cnliy: b huhlk by R.19 
S w C + :  LnouoinmhtkbyR30 
Suqaxkdcllliy: L n o u o W k b y R . 8  
FLZ9. FL 1x4 lF40TI2 ELCI 
FW2 FL 1x4 2F32T8 ELCl  
Bbu,b* LnouolnuhrimbyR5.4 
b&xMumuyS&: L n o u o l n u h t P l b y R 1 0 9  
0 81 Lw WI WSJ. In,. PP., LFSllo. Armon. Lma T d  T-p 
MbCdkw L n o u o b U i m ~ R 4 I  
FL106: F L  1x4 2FWT12ES E L Q  
MiAUmut$E!+arbD.mpn 
FL106: F L  lX42FWTl2ES ELQ 
Bbwhkmhlk :  b l n u h l i m b y R . 6 J  
FLIW FL IX42F40TIZES ELQ 
FLID: FL 1x8 lF96TllESEEFl 
FLlD: F L  1x8 IF96112ES EEFl 
AnbCeilbs b P . d a h b y R 1 9  
FL106: F L  IX42FWT12ESELCZ 
FLI26: FL 1x8 lF96112ESEEFl REF 

M: 195 B P E N D  
Slupcnkl C i k  Lnouo puklim by R.30 
FL106. F L  1x4 2FWTlE.S E L Q  
Wrnp OH Lw T d ,  In, Pp.,  LFSIIs. Ai,. Lma T d  Tmnp 
FLlM: FL IX42FWT12ES E L Q  
S-kd C W  b lnvhrh by R.8 
LJomrMumuyS&.LnouolcahhbyR43 
Bbu~bbAIim. L n o u o k d d k b y R . 6 J  
FLlo6. F L  1x4 2F40Tl?.ES E L Q  
klopr hI- S&: b Inu)llim by R4.3 
F1.126: FI. 1x8 lF96T12ES EEFl REF 
FL106 FL 1x4 2F40T12ES ELC2 
FL74: F L  1x8 M 1 2  ELCL 
S-bd Cc;l;u .b WL~ by R.8 
SlyprbdCdbg.  L n o u o P u h l m l y R . 1 9  
FLl2d FLJX8 1F96T12ES EEFl REF 
D b U . i b A & m  h h u h l i b ) R . 6 J  
LU: LPS JJ PEND 
Slu(mbdCeiliw LnouokddkbyR.8 
SUpnbdCci&'LnouopuklebyRY) 
LJomrhl.nnyS&. & l n u L L h b y R I O 9  
S u c h .  h W m  b, R 8 

~ ~ 1 9 .  n 1x4 IFWTIZ ELCI 

s+ cdq: ~nouo u r n  by Ra 

Mac& &lnuhtibyR.8 
FL106 FL 1x4 2FWT12ES EL(? 
S+Cdbg h k . & x m b y R  
FL7J. FL 1x8 IF%T12 ELTl  
b C &  L n a u . u u L l i m b y R 1 9  
F U 2 6  FL 1x8 1F96TlXS EEFl REF 
S-bd C n l y .  Lnouo b u m  b, R 
FL126. F L  1x8 IF96TlZEs EEFl REF 
Fu9  FL 1x4 IFWTIZELCI 
FLU6 FL 1x8 IF96TIXS EEFl REF 
FLl26. FL 1x8 lF96TlXSEEFl REF 
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Table 3.9a. Building EROs Constituting the Minimum Life-Cycle 
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Table 3.9b. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
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Table 3.9b. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources 
Annualized Values of Costs and Savings -!+,d 
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3.11. Non-Building EROs Constituting the Minimum L 
Cumulative Present Values of Costs and Savings 
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r.a:m 
7.0441 

7 . 4 W  
7,aa.W 
7 .0441 
7.044ed 
7 .0441 
m w r n  
7,W.W 
7.0441 
7.aJ.W 
7 .0441 
7 ,0441 
7 . 0 4 4 1  
7 , a h ~ m  
7.044m 
7 .0441 
7.04aa 
7 . a u a  
7 . 0 ~ 4 1  
7.04J14 
7,-J14 
7.04J14 
7.04JI4 
7.aJ.JI4 
7.04J14 
7.04J14 
7.04J14 
7.04JI4 
7.04314 
7.04314 
7 . 4 J 1 1  
h(OlJI4 
7.bXJ14 
7.bXJI4 
7.(OlJ14 
7,bXJ14 
7d04J11 
7 .aJ14 
7.04JI4 
7.04314 
7.04114 
7.49J14 
7.aJ.JI4 
1.04314 
?.a114 
7.obJl4 
7.04J14 
7.aJ.Jl4 
7 .aJ14 
7.4XJ14 

C."'"' 
..lY?l.!J 
17.IJhXl 
J7.1JO.MJ 
J7.lJ9.Jl7 
J7.1J9.Jb 
17.1J9.447 
J7.1J9.11J 
ll.IJ9.178 
J7.1 J9.f.U 
J7.lJ9.W 
J7.1J9.774 
J7.1J9.09 
J7.IJ9.Pm 
Jl.ll9.9W 
17,ia.a~ 
~7.ia.101 
J7.10.1(41 
J7.10.111 
J7.1m.297 
Jl,l0.J,S 
J7.la.07 

J7. I U.In 
J7,150,&9J 
J7.111.111 
J7.1JJ.ilM 

17.1m.n1 

J7.I14;M9 
J7,llJ.OJJ 
J7.l)d.u16 
J 7 . I M 9 I  
J7.161.711 
J7.174.910 

17,IB.XlJ 
J7.208.0~) 
J7.111.76) 
17,117.09 
J7,117,114 
J7.117,Im 
J7.117.P( 
J7.117.111 
J7.117.JJ6 
J7.117.JP2 
17,117.447 
J7.117.177 
J7.2tp.WJ 
J7.aJa14a 
J7,37. IM 
J7.X.S41 
J7,181.J74 

J72W.222 
J7.ZQJ88 
J7.>97.U7 
J7.JW.6M 
J7.W.598 ' 
J7.4141 
J7.434.X 
J7.8X.OIl 
J7,4ll.W2 
J7.01.010 
J1.4?3,144 

J7.07.lJa 
J7.07.W 
J7.07.JU 
J7.U7,416 
17.07.m 
J7.07.W- 
J7.4lL40 
J7.W.IW 
J7A57.598 
J7,4n.J91 
J7.414.669 
J7 .4Sm 
J1.491.3 
J7.UJ.167 
J7.0.1.l 

17.YD.f6¶ 
37.M4.IY 
J7.rn7.m 
J7.yUJ77 
J7.l I l .M 
l7.11641 
1: J3.m 

~7.1a1.4a 

~ 7 m m  

~7.ar.oa 

1 7 . 8 4 6 ~ )  

lbll*l.ln. 
LS,.).," 
I.%..-, 

Llin 
J 74 
J 74 
7 74 
J 74 
J 7, 
J 74 
$ 74 
J 74 
J 74 
J 14 
J 74 
J 7 1  
I 7 4  
7 74 
J 74 
I I 4  
J ?I 
I 7 4  
J 74 
J 74 
7 74 
J 7J 
J 7J 
J 7J 
I 7J 
J 7J 
J i J  
J 71 
J 7J 
J R  
J R  
J R  
J 71 
J W  
J W  
J t 4  
J W  
169 
J W  

J W  
J W  
J B  
J W  
J W  
J W  
J 67 
J 67 
J 6 1  
J 6 1  
J 6 1  
J.61 

i w  

J sa 
J sa 
J 17 
J 17 
J 17 
J 17 
J 17 
J Y  
J16 
J U  
J U  
J 11 
J 11 
J.51 
3 51 
J 11 
J1J  
JJJ 
J 11 
J 11 
J 11 
J S I  
J S  
J.50 
J M  
J Y )  
J U  
J U  
Jb9 
J49 
J U  
343 
J 47 

Il!.~,,Ld 

I.\...".I 
Pl ."  

0 13 
I IJ 
I JJ 
I )J 
I I1 
I J l  
I JJ 
I J I  
I J3 
I JJ 
I J I  
I I J  
I JJ 
111 
I J I  
I JJ 
I 11 
I JJ 
I JJ 
I I< 
I J4 
I I J  
I )J 
I l l  
I JJ 
I JJ 
I J) 
I JJ 
I JJ 
I J I  
I JI 
110 
IM 
I J O  
I J O  
I J O  
I J O  
I J O  
I M  
I J O  
IM 
IM 
I M  
129 
1 - 8  
129 
1u 
I 17 
I 1 7  
1.Y 

I Y  
1.Y 
IU 
IU 

'*.'.,'* 

in 

in  
in 
I 11 
Ill 
Ill 
1.21 
1.11 

1.20 
i m  

i m  
iaa 
i m  
io  
i m  
i m  
i m  
I 19 
I I 9  
I I9  
I 1 8  
I I7 
I I7  
I I7  
I 1 6  
I I1 
I I1 
I I S  
i I1 
I I J  
I I S  

f*.sd.hW 
1 h n - d  

r+.h 
rmnl 

4 6  
46 
46 
46  
4 6  
46 
46  
1 6  
4 6  
46  
4 6  
4b  
4 6  
4 6  
46 
46 
4 6  
46 
4 6  
+ 6  
46 
4 6  
4 6  
4 6  
4 6  
46  
4 6  
4 6  
4 6  
4 6  
4 6  
4 6  
46  
47 
47 
4 7  
4 7  
47 
47 
4 7  
4 7  
47 
47 
47 
4 7  
4 7  
47 
4 7  
47 
47 
4 7  
47 
4 8  
45 
45 
4 8  
4 1  
4 8  
4 8  
4 8  
4 8  
45 
4 8  
4 8  
4 8  
4 8  
4 8  
4 8  
4 9  
49 
49 
4 9  
4 9  
4 9  
49 
4 9  
.9 
6 9  
49 
49 
4 9  
49 
4 9  
IO 
JO 



Table 3.11. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources: 
Cumulative Present Values of Costs and Savings 

n.-lu,.. 

Ls*. 
-l!t%!J 

Nd 

17J17.118 
17.1r704 
17.SJJ.W 
17,11S.O?7 
17.1JS.856 
J7.110.101 
17.14SO7 
37.117.Sl7 
17.J48.9JS 
J7.11.9JI 
J7.111.110 
i7.111.ai 
i7.asi911 
17.U4.284 
37.114.JJl 
37J11.921 

J7.W.lS8 
17.117.118 

17.1S9.171 
J7.11V.871 
J7.119.979 
J7.XJ.OPO 
.l7.Y4JM 
J7.167.918 
J7.%4641 
J7.17J.6U 
17.S75.W 
17.575.Sp1 
17.114oC 
17.177.171 

17.S7LUI 

J7Jll.Jl4 
J7.5U.J91 
17,181.91 
J7.114176 
17.1t2.744 
)7JII.l9J 
17.50.66 
37.1U.96 
J7.1S1,Yl 
17.SS4.Jn 
J7.1M.IU 
J7.1M.IJ7 
J7.1W.111 
J7.SW.167 
J7.SM.11' 
J7.1M.197 
17.1W.112 
J7.1WLZI7 
J7.14111 

i 7 . s n ~  

i 7 . a m %  

i 7 . s n m  

i 7 , ~ m i n  

n-rl*,l. 
I'd.. "I 
oh\( 
P"Y. 

.- L W i  8.. 
7.W.114 
7.WL314 
1 . 4 3 1 1  
2 4 J I l  
7.4X.111 
7 .4111 
7.WLSI4 
7 . 4 1 1 1  
7 . m l l l  
7.WhJll 
7 . 4 J l l  
7 . 4 1 1 1  
7.98.111 
7 .4114 
? , 4 J I l  
7 . 4 1 1 1  
7.4114 
7.W8.311 
7.W8.111 
7.01.Jll 
7 , 4 1 1 1  
7 .4111 
7.4X.114 
7.48.JI4 
7.WS.111 
7. W8.114 
7 , 4 1 1 1  
7.W8.111 
7 ,4114 
7, WSJl4 
7.WLJI4 
7.b78.111 
7.W8.311 
7.WLJI4 
7.01.111 
7,WhJIl 
7.W8.Jl4 
7, W L l l  1 
7.WLJIl 
7,44114 
7.WLJI4 
7 ,4114 
7.M.JI l  
7.W8.111 
7 .4114 
7 .4314 
7 . 4 J l 4  
7.WLJll 
7.WLJ11 
7 , 4 J l 4  
7, WZJI4 
7, WLJI 4 
7 . 4 J M  
7 .4J11 

L d  
u- 
TAD 
- 

n.-l.+,.. 
P.,y.*" 
I.,..- 

Fxb? 
1 47 
im 
1 1  
l a  
J U  
1 6  
J 6  
1 4 4  
J 44 
J 1 4  
1 (I 
1 4 1  
J U  
J U  
J U  
3 41 
J U  
J U  
J U  
J U  
111 
1c 
J C  
J 41 
1 4 1  
1 4 1  
J W  
J 19 
J 19 
1.J9 
J J9 
J J9 
1J8 
1 J8 
J 11 
111' 
111 
1.37 

'J 17 
1 1 7  
J J7 
1 1 7  
J J 7  
J.J7 
J J7 
l.% 
J J 6  
JJ6  
J J 6  
J J 6  
l J 6  
l J 6  
J J 6  
J.J1 

I.A..dd 
<.\.*I" 
I.....".! 

b?!" 
I I 4  
I I 4  
I I: 
I l l  
I I1 
I I 1  
I I1 
I 1 1  
I I 1  
I I 1  
1 I1 
I I t  
Ill 
I I O  
I 10 
I 10 

1 ( 9  
I O ?  
I C 8  
I 01  
IOI 
IC8 
I 08 
108 
IOI 
I 07 
I 0 7  
I 0 7  
I 0 7  
10: 
107 
10s 
I M  
la 

i o 9  

io 
im 

rm 
im 
1.m 

I M  
I M  

101 
I 0 4  
I 04 
lo( 
I O J  
I O J  
1.N 
lo) 
I .o) 
I O J  
1.0) 
1.01 

n.-ld,- 

I*ki 

I n  
I n  
s n  
s o  

lb-d 

Pmd 

S O  
1 0  
( 0  
S O  
1 0  
S O  
S O  
( 0  
1 0  
10  
S O  
1 0  
1 0  

S O  
S O  
10 
10  
10  
1 0  
S I  
1 1  
S I  
S I  
S I  
S I  
5 1  
S I  
1 1  
1 1  
S I  
S I  
1 1  
S I  
S I  

1 1  
1 1  

S I  
S I  , 
S I  
3.1 
1 1  
1.1 
1 1  
S I  
S I  
11 
S I  

sn 

, S I  

a i  

lb -+. . .- . 

TAD RL 
TAD :a 
TAD 1% 
TAD I L  
TAD la 
TAD 
TAD 
TAD 
TAD 
TAD 
TAD , 
TAD 
TAD 
Llda. 
TAD 
TAD 
TAD 
Mdml 
TAD 
TAD 
TAD 
Llda.8 
TAD 
TAD 
TAD 
TAD 
TAD 
TAD 
h1d-e 
TAD 
TAD 
TAD 
TAD 
TAD 
TAD 
LldCi. 
TbD 
TAD 
TAD 
TAD 
TAD 
TAD 
ThD 
TAD 

OWCnRY CO7X 
JL1IO.N 
J58ll.J66 
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Table 3.12a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resources: 
Present Values Aggregated by Category 

P t i m n l d  
CUTCII! Fncility 

End Energy Use 
._--. Use -- -(MBtu)- 
Henling 97.527 
Cooling 127.957 
Vent 40.605 
Ligh 73.953 
hlisc. Equip. 99.406 
HIM Wntcr , 107,144 

Totnls 546,592 

E~timnlcd Estimnled 
Post-Rclrofit Fncilily 

Fncilily Anniml 
Enorgy Use Encrgy Savings 

58,926 38.602 
113,867 14,089 
35,906 4.699 
39,720 34,233 

-_ -.&!W ---_ r n S ! U ,  

99.406 0 
66,539 40,605 

414.364 132.228 

.- 

Estimnted Firs! Year 
Percent Energy Cost 
Energy Savings 

40% NA 
11 % N A  
12% N A  
46% N A  

38% N A  

-&!-..- L!%?!A 

0% 

Prcsent 
Vtduc of 

Told Net Savings lo 
Savings Snviiryr lnvcrlmeid 

-1i99?~L--K%!!>!. __ - Rntio __ 
N A  NA NA 
N A  N A  NA 
N A  NA NA 
N A  N A  NA 

N A  N A  

.24% 2,000,957 7,679.657 33.718.120 26,038,463 

N A  

4.39 

Dircoiudcd 
Puylnck 

Period 
NA 
N A  
NA 
N A  

NA 

3.9 

Table 3.13,. Non-Building EROS Constituting the Minimum Life-Cycle Cost Efficiency R e ~ ~ r c e s :  
Present Values Aggregated by CategorY 

Full Full Present Present Prercnt Present Prescni Prerenl Prcsenl 
Fin1 Yuu First Yenr lmplcmeotation lmplemcn!ntion Vnlue of Present Value of Vnlue of Value of Vnliie of Value of Vnlue of 

Energy Demnnd =:rgy D e d  lnrlalled Valueof Nctlnslnlled Energy Demnd 0&M Rcplnccmenl Tdnl 
End Sa\iogs Sn\<ngS Savluga S a \ i n g S  cost Rcbolc Cost Sa\ings Savings Sa\ings Sadiys Savings 
Use LMEtu) (kW-mo) 

0 537.879 AC 935 1,129 935 1.129 90 0 90 326.119 213,310 -1.550 
Centml ChiUers 1,099 2,110 1,099 2.110 432,000 78,000 354,000 748,165 524,852 -25.831 0 1,247,186 
Cotdrols 1,508 2,186 1,508 2.186 150.400 0 150,JM) 427,670 101,982 0 -68,127 464.525 
DHW 8r AIC 4.345 2.198 4.345 2,198 ' 118,124 0 118,124 586,244 415,428 -32.719 -53,507 915,446 
Env~clopc 21,177 17.099 21,177 17,099 1,496,453 95,546 1,400,907 7,216,199 4.403.737 0 -789.727 10,830,209 
Fnm. Hsg. HVA 76,678 15.226 76.678 15,226 7,086,917 0 7,086.917 8,254,166 4,037.701 281,903 -241.995 12,331,780 
Hmtillg 4,682 727 4,713 742 235,202 0 235.202 660,450 40.4RO 0 22.215 723.146 
HVAC 15,058 1.690 15,058 1.690 279,627 0 279.627 2,217,760 347.265 0 -126,243 2.438.782 

0 3,231.943 Gghling - 5,992 0 5.992 0 231,867 51.W 180,827 2.512.676 0 719.268 
M dors 7,814 7.343 7.814 7.343 1,397,273 34,942 1,362,331 2,439,614 1.611.399 -4.133 -501,490 3,542,390 
T%D 2.203 3,708 6.076 7,223 2,543.519 0 2,543,519 1.314.593 927.579 -109 2,147,346 4,389,410 
Vebicles 14,638 -180 14,638 -180 2,047,000 0 2,@47.000 5,688,420 -25.561 6,475,790 0 12,138.f49 
Wells 0 1.097 0 1.097 210,500 0 210.500 442,299 275.857 -4.305 51.131 764.981 

(MEtu) (kW-rno) (1994 S) --..fLW.a- (1994 5) (1W SI (19945) (19945) -.(lW-. (1x4s) --- 
Net 

Savings 

537.789 
893.186 
314.125 
797.322 

9.429.302 
5,261,863 
487.944 

2,159,155 
3.051.116 
2,180.059 
1,845,890 
t0.091,649 
554.481 

- -  ms)- 

T d s  156,128 54.331 160,032 57.862 16,228,971 259,528 15.969.444 32.834.374 12.877.033 7,408,314 436.605 53.556.327 37,586.884 

Savings (0 

lnvcstmcnt 
Rntio 

5,976.43 
3.52 
3.09 
7.75 
7.73 
I .74 
3.07 
8.72 
17.87 
2.60 
1.73 
5.93 
3.63 

3.35 

----- 

Dircoudd 
Pnyhnck 

Pcrial 
0.0 
4.9 
5.6 
2.2 
2.2 
9.9 
5.6 
2.0 
1 .o 
6.6 
10.0 
2.9 
4.7 

5. I 

.-I-_ 



Table 3.13. Non-Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resource: 
Annualized Values Aggregated by Category 

Full Full Annunlizcd Annunlized Annunliicd Annunlizcd Annunlizcd Annunlizcd Annunlizcd 
Fin: Yenr First Ycnr lmplcmcntntion Implcmenlntion Vnluc of Annualized Vnluc of Vnluc of Vnluc of Vnlue of Vnlue of Vnluc of Annunlized 

Energy Dcmnnd Energy Dcmnnd Instnllcd Vnluc of Net lnslnllcd Energy Dcmnnd O&hI Rcplnccmcnt Tolnl NCI Snvings to Discounlcd 
End Snvings Snvings Snvings Savings Cost Rebntc Cost Savings Snvinga Snvings Snvings Snvings Snvings lnvcstmcnt Pnyhnck 

’ Use (MEItu) (kW-mo) ( raw (kW-mo) (1994 $) (1994 $) (1994 $) (1994 $1. -c99LQ _ _ _  (1994 S) (1994 $1- -..U99_14) .. ..(!I94 $) Rnti!,-- Pcricxl 
AC 935 1.129 935 1.129 5 0 . 5 18.938 12.387 -90 0 ’ 31.234 31,229 5.976.43 0.0 ~~ 

Ccntrnl Chillers 1,099 
Controls 1,508 
DHW & AIC 4,345 
Envelopc 21,177 
Fnm. Hsg. HVA 76.678 
Henting 4,682 
HVAC 15.058 
Lighting 5.992 
Lloton 7,814 
T&D 2.203 
Vchiclcs 14.638 
Wells 0 

Totnls 156,128 

2.110 
2,186 
2,198 
17,099 
15,226 

727 
1,690 

0 
7,343 
3.708 
-180 
1,097 

54,331 

1,099 
1.508 
4.345 
21.177 
76,678 
4.713 
15.058 
5,992 
7.814 
6,076 
14.638 

? 
160,032 

~. 

2.110 
2,186 
2,198 
17,099 
15.226 

742 
1,690 

0 
7.343 
7.223 
-180 
1.097 

57,862 

25,086 

6.859 
86,898 
411.535 
13,658 
16,238 
13,464 
81,139 
147.701 
118.869 
12.224 

942,4 I I 

8,734 
4.529 

0 
0 

5.548 
0 
0 
0 

2.964 
2.029 

0 
0 
0 

15.071 

20.557 
8.734 
6.859 
81.350 
411,535 
13,658 
16,238 
10,501 
79,110 
147,701 
118,869 
12,224 

927,340 

43.446 
24,835 
34.043 
419.042 
479,316 
38.352 
128.785 
145,910 
141.668 
76.338 . 
330.325 
25,684 

1,906,680 

30.478 
6.096 
24.124 
255.723 
234.468 
2.351 
20.166 

0 
93.573 

I 53.864 
-1,484 
16.019 

747.765 

-1.500 0 72.424 51.867 3.52 4.9 
0 

-1,900 
0 

16.370 
0 
0 

41.768 
-240 
-6 

376,047 
-250 

430.198 

-3,956 
-3.107 
-45,859 
-14.052 
1,290 
-7.331 

0 
-29,296 
124,696 

0 
2.969 

25.354 

26.975 
53.160 
628.906 
716.102 
41.993 
141.619 
187.678 
205.705 
254,891 
704.887 
44.422 

3.109.997 

18,241 
46.300 
547.556 
304,567 
28,335 
125.381 
177.177 
126.595 
107.190 
586.018 
32.199 

2.182.657 

3.09 
7.75 
7.73 
1.74 
3.07 
8.72 
17.87 
2.60 
1.73 
5.93 
3.63 

3.35 

5.6 
2.2 
2.2 
9.9 
5.6 
2.0 
1.0 
6.6 
10.0 
2.9 
4.7 

5.1 



Table 3.14a. Summary of Total Minimum Life-Cycle Cost Efficiency Resource: Building EROs 

Summary of Energy and Demand Savings 

Estimated Current Facility Energy Use (MBtu/yr) 
Estimated Post-Retrofit Facility Energy Use (MBtu/yr) 
Estimated Facility Annual Energy Savings (MBtu/yr) 
Estimated Facility Percent Energy Savings 

Summary of Costs and Benefits 

First Year Energy Cost Savings due to Retrofits 
Present Value of Total Savings 
Total Estimated Investment Reequired for Retrofits 

Net Savings of Retrofits 

Savings to Investment Ratio 
Discounted Payback Period 

546,592 
414,364 
132,228 

24 % 

Present Value 
(1994 $1 

2,000,957 
33,718,120 
7,679,657 

26,038,463 

4.39 
3.9 

Table 3.14b. Summary of Total Minimum Life-Cycle Cost Efficiency Resource: Non-Building EROs 

Summary of Energy and Demand Savings 

First Year Energy Savings (MBtu/yr) 
First Year Demand Savings (kW-mo) 
Full Implementation Energy Savings (MBtulyr) 
Full Implementation Demand Savings (kW-mo) 

Summary of Costs and Benefits 

Value of Installed Cost 
Value of Rebate 
Value of Net Installed Cost 
Value of Energy and Demand Savings 
Value of O&M Savings 
Value of Replacement Cost Savings 
Value of Total Savings 

Net Value of Savings 

Savings to Investment Ratio 
Discounted Payback Period 

3.198 

Present Value 
(1994 $) 

16,228,971 
259,528 

15,969,444 
45,711,408 
7,408,314 

436,605 
53,556,327 

37,586,884 

3.35 
5.1 

156,128 
54,33 1 

160,032 
57,862 

Annualized Value 
(1994 $) 

942,4 1 1 
15,071 

927,340 
2,654,445 

430,198 
25,354 

3,109,997 

2,182,657 

3.35 
5.1 



Table 3.15a. Building EROs Constituting the Minimum Life-Cycle Cost Efficiency Resourde: 
Fuel Balance Table 

Existing Resulting Net Net 
Energy Existing Energy Resulting Energy Use Demand 

Use Demand Use Demand Reduction. Reduction 

Chilled Water 24.085 NA 20,118 NA 3,969 NA 
District Hot Water 
Electricity 
Propane 

Fuel Tvp (h4BIU) (kW) (h4E3tu) (kW) (MBtu) (kW) 

NA 1,558 
30,097 254,607 

NA 138,080 

NA 

NA 
26,523 

7,680 
49,562 
71,018 

NA 
3,574 

NA 

9,238 
3M. 170 
209,098 

Totals 546,59 1 30,097 414,363 26,523 132,229 3,574 

Table 3.15b. Non-Building Constituting the Min ium Life-Cycle Cost Efficiency Resource: 
Fuel Balance Table 

Existing Conservation New Load Resulting Net Conservation 

Energy Increased Resulting Net Net 
Exising Use Demand Energy Increased Energy Resulting Energy Use Demand 

Demand Reduction Reduction Use Demand Use Demand Reduction Reduction 

Existing 
Energy 

Use 
Fuel Tvw (MBtu) (kW-mo) (MBtu) (kW-mo) (MBtu) (kW-mo) (MB N) (kW-mo) (MBtu) (kW-mo) 
Diesel 516,808 NA 3,116 NA 0 . NA 513.W- NA 3,116 NA 
Electricity 272,217 399,251 43,427 57.68 1,962 180 230,753 341,389 41.465 57,862 
Gasoline 81,245 NA 81,245 NA 0 NA 0 ' NA 81.245 NA 
Natural Gas 
Propane 

Totals 

0 NA 0 NA 68.784 
225,780 NA 102,990 ' NA 0 

1,096,050 3 9 9 3  1 230,778 57,682 70,746 

NA NA 68,7€4 
NA 122,790 . N A  1@2,990 NA 

NA -68,784 

180 936,018 341,389 160,032 57,862 
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Appendix A 

Electricity Cost Calculations 

Federal agencies are required to analyze all potential energy investments using a life-cycle costing 
(LCC) methodology developed by National Institute of Standards and Technology (NIST) (NBS 1987). 
The NIST LCC methodology proceeds by calculating all relevant costs of a project and discounting them 
to result in present dollars, and then subtracting that sum from a similarly constructed LCC of a "no- 
action" baseline. This difference is called the net savings of the action being considered. Actions are 
recommended for implementation if the net savings is positive and greater than the net savings of any 
competing actions. This methodology results in minimizing the LCC of energy services at a site. 

In order to examine the energy resource opportunities (EROs) at Fort Irwin, marginal fuel costs must 
be calculated. The marginal, or avoided, cost of electricity service is used in conjunction with the esti- 
mated energy savings of an ERO to calculate the dollar value of those savings. Because of the potential 
complications associated with the use of more than one rate structure, and because of the uncertainty 
involved with the future of the ISR schedule, it was decided that the base rate represented the best 
marginal rate for use in the LCC analysis. While the base rate may overestimate the savings available 
during the first four years of the analysis, it is believed to be the most conservative estimate of savings 
available given the uncertainty of Fort Irwin's electricity rate in the future. This appendix presents a 
more detailed description of the calculations performed to determine the appropriate marginal rates that 
were used for electricity within the Fort Irwin LCC analysis. 

A . l  Methodology 

The first step in the LCC process is to determine the present value of all future energy costs associated 
with an ERO and the no-action baseline. This is done by calculating the current year energy cost, known 
as the base year energy cost, escalating that cost to represent future real price increases, and then dis- 
counting the stream of costs to result in the present value. In accordance with the NIST LCC methodol- 
ogy, only the energy cost relevant to the ERO analysis should be,included. The relevant energy cost is 
the energy cost that can be avoided by the ERO. Any cost that is common to the ERO and the no-action 
baseline is not relevant as it will cancel itself out when the difference is taken to obtain the net savings. 

The relevant energy cost is obtained by using the marginal cost of the fuel. The marginal, or avoided, 
energy cost of fuel is the appropriate cost to use in conjunction with the estimated energy cost savings of 
an ERO so that the doIlar value of those savings can be calculated. For this reason, it is important that 
only variable costs, which are affected by the amount of fuel used, are included. A cost is considered 
variable if the amount of fuel used affects the dollar amount paid. Fixed costs associated with a fuel, 
such as minimum monthly charges, will be paid despite any increase or reduction in fuel usage, and 
therefore do not affect the marginal cost. 

According to Title 10 of the Code of Federal Regulations (CFR) Part 436 Subpart A 436.19, the life- 
cycle cost is the sum of the present values of investment costs, non-fuel operation and maintenance costs, 
replacement costs, and energy costs. The energy cost stream is composed of armual expenditures. Per 
10 CFR Part 436 Subpart A 436.17, the base year energy cost is calculated by multiplying the total 

A. 1 



amount of energy used in the base year by the price per unit of energy in the base year. The present 
value of energy costs over the project study period is the product of the energy cost in the base year 
multiplied by the appropriate modified uniform present worth factor adjusted for energy price escalation 
for the applicable region, sector, fuel type, and study period. To determine the energy cost, it is 
necessary to calculate the appropriate cost of energy for each fuel type. 

A.2 Electricity cost Determination 

Electricity rates are composed primarily of charges for demand and charges for consumption. Demand 
charges are based on the maximum (peak) demand for kilowatts (kW) for a given duration within some 
time frame, such as the peak one hour demand within the billing period. Consumption charges are based 
on the total electricity consumption, in kilowatt-hours (kWh), within the billing period. These charges 
can be flat rates per kwh, or they can vary with the time of use, which can be defined as on-peak and 
off-peak for the utility during a 24 hour time period, or as seasonal to allow for changes in winter and 
summer consumption patterns. 

The determination of the appropriate electricity rate for this analysis presented a unique challenge as 
the cost of electricity at Fort. Irwin is complicated by the structure of the rate schedule under which Fort 
Irwin purchases its electricity. Fort Irwin purchases its electricity from Southern California Edison (SCE) 
under SCE’s time-of-use rate, schedule TOU-8, with an Incremental Sales Rate (ISR) rider. The ISR 
essentially adds a declining block rate component to the time-of-use structure in that it provides a base 
level of energy at a fixed monthly charge, while consumption above the base level is billed at the 
incremental rate, which is lower than the base energy rate in during on-peak and mid-peak time periods. 
The structure is unlike a declining block rate structure in that Fort Irwin is billed for the base level of 
energy regardless of whether it is used, so valuing energy savings becomes more complicated if consump- 
tion drops below this level. In determining the appropriate electricity rates for valuation of savings, then, 
it is important to understand current consumption and the potential ramifications if proposed energy 
resource opportunities (EROs) cause this consumption to drop below the established base level. Such an 
understanding makes it possible to more accurately reflect the actual. marginal rate at which energy sav- 
ings should be valued. 

A.2.1 Fort Irwin Electricity Rate Structure 

The electricity rate agreement between Fort Irwin and Southern California Edison is known as the 
Incremental Sales Rate (ISR). The ISR is essentially a time-of-use rate structure with fixed and incre- 
mental components. There are six distinct times of use. During the summer months, June through 
September, Fort Irwin is charged for on-peak, mid-peak, and off-peak consumption. The remaining eight 
months are divided into mid-peak, off-peak, and super off-peak periods. Each of the six.periods is billed 
at a unique rate. Table A. 1 lists the applicable consumption rates for each time period. 

A demand charge is assessed in the summer months for the maximum demand during the on-peak and 
mid-peak periods. A non-time related demand charge is assessed for the maximum demand during each 
month, regardless of the time period in which it occurs. Table A.2 lists the applicable demand rates for 
each time period. 
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Table All. Electricity Rates at Fort Irwin ($/kWh) 

Summer 
Mid-Peak 

0.02676 

0.03841 

0.06517 

0.01 165 

0.04082 

0.05247 

Rate Component 

Base 

Base Adjustment 

Base Total 

Incremental 

Incr. Adjustment 

Incremental Total 

Summer Winter Winter 
Off-peak Mid-Peak Off-peak 

0.02676 0.02676 0.02676 

0.01401 0.05012 0.01659 

0.04077 0.07688 0.04335 

0.00827 0.02443 0.01672 

0.04082 0.04082 0.04082 

0.04909 0.06525 0.05754 

Summer 
On-Peak 

Rate Component 

Base 

Base Adjustment 

Base Total 

Incremental 

0.02676 

Summer Summer 
On-Peak Mid-Peak 

15.75 2.35 

3.15 0.00 

18.90 ~ 2.35 

2.54 0.27 

0.11076 

Summer 
Off-peak 

0.00 

0.00 

0.00 

0.00 

0.13752 

Winter Winter 
Mid-Peak Off-peak 

0.00 0.00 

3.15 0.00 

3.15 0.00 

0.15 0.00 

0.0 1927 

0.04082 

0.06009 

Winter Super 
Off-peak 

0.02676 

0.01659 

0.04335 

0.01 142 

0.04082 

0.05224 

Table A.2. Demand Rates at Fort Irwin ($/kW) 

I Winter 
Super 

Off-peak 

For each of the six time periods, the utility has established baseline levels of consumption and demand, 
which are computed using two previous years of Fort Irwin's consumption history. In a given month, 
Fort Irwin is charged for the base levels of energy and demand at the rates outlined 'in the tariff, regard- 
less of whether they were consumed. If consumption or demand exceeds the baseline established for any 
time period, the customer is charged the incremental rate on the extra consumption. This incremental 
rate is lower than the base rate during the on-peak and mid-peak periods, but is higher in the off-peak 
period. 

Due to the type of rate structure under which Fort Irwin receives its electricity, there are three possible 
rates at which the marginal value of savings could be calculated: 

1. incremental rate - the rate charged for consumptioddemand above an established base level. The 
incremental rate structure is in place through 1997, but can be renewed. According to SCE 
personnel, the base level established due to use of the ISR would most likely not be reevaluated. 

2. base rate - the rate charged for consumptioddemand up to the established base level, and the effec- 
tive marginal rate if the base level were to be reevaluated after 1997; or if the Fort were to discon- 
tinue the use of the ISR after 1997. 
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3. zero rate - any electric savings which reduce consumption/demhd below the established base level 
between the first year of the analysis and 1997 must be valued at zero as the base rate is essentially 
"fixed" during the first five years. If the base remains on the ISR, and if the base level remains 
unchanged, then the zero rate can be applicable throughout the analysis period. 

Discussions with SCE regarding the rate structures raised significant uncertainty as to whether 
Fort Irwin would be able to renew the ISR rider when the clause expires in 1997.'") Because of the 
uncertainty, it was determined that the appropriate marginal rate for use in the analysis should be the base 
rate as explained above in number 2. Since the ISR will be in effect until 1997 and the analysis period is 
assumed to start in 1994, this presents some complications. 

Use of the base rate to evaluate electricity savings for the first four years of the analysis period trans- 
lates into an overestimation of savings for those years. The alternative of using the ISR rate for the entire 
analysis period may underestimate savings for years after 1997 or may overestimate savings, as use of the 
ISR's lower rates in certain time periods could result in more cost-effective measures than would be 
recommended under the base rate. Use of more than one rate during the analysis period would have 
resulted in a very time-consuming and challenging process. For informational purposes, the remainder of 
this appendix discusses the determination of the appropriate marginal rate to use for the first four years of 
the analysis, proposes a methodology for incorporation of the appropriate rate, and outlines some of the 
complications associated with the use of more than one rate. 

A.2.2 Determination of Applicable Rate Structures 

In order to determine the most appropriate rate to use for the LCC analysis, the current consumption at 
the Fort, as well as estimates of future electric requirements due to construction activities, was examined. 
Electricity consumption data from one year was used, broken down into monthly time-of-use consumption 
levels (see Table A.3). 

If it were assumed that electricity consumption was expected to remain unchanged, these consumption 
levels would be used for the analysis. It is known, however, that Fort Irwin is constructing 172 new 
housing units, and has an additional 220 housing units in the design phase. Because this construction will 
affect the consumption of electricity, its impact must be estimated and included in the analysis. The next 
step, then, is to make an estimate of the electricity that will be required by the new housing units and add 
it to the monthly time-of-use (TOU) profile to determine the predicted electric consumption (see 
Table A.4). The total electric requirement was divided into time-of-use estimates for the housing units, 
and then these were further subdivided into monthly estimates based on the number of days in the billing 
period for that particular time (see Tables A S  and A.6). The predicted annual and monthly electric con- 
sumption level assumes that no other construction other than the 392 housing units planned would occur, 
and that personnel levels would remain constant at the base. 

(a) Personal Communication, Ted Gold, Southern California Edison, December 16, 1993. 
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Table A.3. Actual kWh Consumed 

Summer 
Mid 

2,247,264 

2,617,988 

2,257,246 

Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Summer Winter Winter 
Off Mid Off Super-off 

3,635,326 0 0 0 

4,121,950 0 0 0 

4,199,357 . 0 0 0 

Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 

0 

0 

0 

0 

i,686,j1 

Dates 

603-7123192 

0 2,170,152 

0 2,143,430 

0 2,142,813 

0 2,356,095 

0 2,888,105 

2,510,418 476,883 

1204192-1/26/93 

1l26-2/25/93 

1,986,942 

1,867,317 

1,657,246 

1,965,249 

2,110,439 

. 652,210 

- 

205-3/26/93 0 0 

306-4/27193 0 0 

877,125 

1,044,888 

950,535 

1,069,574 

1,116,209 

242,765 

Summer Winter Winter Winter 
Off 1 M i d o /  O f f o l  Super-off o I  

3.478.626 

3,970,474 

4,032,211 

0 2,020,977 1,947,806 957,217 

0 1,040.692 2,968,672 1,011,436 . 

0 2,044,126 1,870,610 794,723 

0 2,028,861 1,761,561 969,978 - 
0 , 2,032,063 1,555,015 878,122 

0 2,233,888 1,852,443 989,669 

0 2,781,174 2,011,733 1,046,293 

2,390,282 450,150 627,534 225,286 

Table A.4. Predicted kwh Consumption 

Summer 
Dates On 

6/u-723192 * 1,767,413 

7123-8/21/92 1,973,768 

801-9122192 1,721,83 1 

902-10123192 588,416 

10123-11123192 I 0 

11123-1204192 I 0 

1204192-106193 I 0 

106-2125193 I 0 

205-3/26/93 I < o  
306-4Q.7193 

407-5/25/93 

5125-6/24/93 1,301.410 

;06,709 I 882,713 I 2,227,714 I 1,626,352 1 903,186 

0 1  0 I 2,139,365 I 2,057,087 I 1,034,625 

0 1  0 I 1,159.080 I 3,077,953 I 1,088.844 
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Table AS. Estimates for new housing units under construction or planned at Fort Irwin 

11 

12 

Summer Summer Summer 
Period Dates I On I Mid I Off 

4/27-5/25/93 0 0 0 

5/25-6/24/93 40,045 60,068 120.136 

# of units 

172 

220 

Totals: 

Total kWh I I 214.156 I 321,234 I 642,468 
~~ ~__________  

Summer Mid 
Total kWh onPeak Peak OffPeak 

1,380,065 82,804 124,206 248,412 

2,189.200 131,352 197.028 394,056 

928,009 392 I 3.569.265 I 214.156 I 321.234 I 642.468 856,623 606,775 

Winter I w:; I Winter 11 
Mid Super-off 

I I 
0 0 

84,017 77,554 54,934 

118,388 109,281 77,408 

118,388 1 109,281 1 77: 11 
126,026 116,332 

79,905 

106,931 I 98.706 1 @::9: 11 
26,733 24,676 

Super-off 
Peak 

This predicted consumption level was then compared to the base levels established by SCE for each 
month (see Table A.7), and from this, the percentage savings required to drop the consumption level 
below the base level for any given month and time period was determined (see Tables A.8 and A.9). 

Table A. 10 lists the number of time periods that fall into each savings percentage.category, based on 
Table A.8. The savings percentage categories indicate the savings required to reach the base level. Any 
savings above this rate in each time period will cause the consumption level to drop below the base level, 
thus requiring use of the zero rate to value the savings associated with that time period. Table A. 1 1 lists 
the electricity savings calculated for other installations. These figures provide information regarding the 
potential effects of energy reduction on the value of savings. 

These tables indicate that for 13 out of 41 time periods (one time period out of 42 had consumption 
listed below the base level), savings of 30% or greater would be required to drop consumption below the 
base level in those periods; for 30 out of 41 time periods, savings of 20% or greater would be required; 
and for 11 out of 41 time periods, savings of less than 20% would be required to drop consumption 
below the base level. The potential ramifications of this will be discussed more fully in another section. 
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Table A.6. Number of Days 

Dates 

6l23-723192 

7123-8/21/92 29 29 29 

32 32 32 0 

' ~r 1 Winter /I 
Super-off 

Dates 

6123-723192 

Table A.7. Base Level kWh 
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Table A.8. Percentage kwh Savings Required to Reach Base Level 

Summer 
On 

Summer Summer Winter 
Mid I Off 1 Mid Period Dates 

1 6/u-723/92 31.6% 26.7% 25.4% NA 

37.1% 34.2% NA 

NA NA 

NA NA 

NA NA 

34.5% 37.6% 

27.0% 23.2% 

51.2% 27.0% 

24.4% 9.4% 

2 7123-812 1/92 38.8% 

29.8% 

4 9n2-lOJ23192 40.4% 

5 10/23-11/23/92 NA 13.0% 

6 NA NA NA NA 

NA NA 14.2% 7 12/24/92 NA 

8 NA 13.1 % 

13.1% 

21.0% 

~ 

9 
~ 

NA 16.4% 

10 3126-4127193 NA 

11 NA 28.8% 28.8% 

LZ-kz- 12 28.8% 

29.8% I 24.2% 1 33.3% 29.8% 28.4% 16.5% Total 

Table A.9. k W h  Difference Between Base and Predicted 

A.8 



Table A.lO. Percentage Savings Available According to Time Period 

Percentage Savings Number of 
Available Periods 

II Less than 10% I 3 II 
II 10% -20% I 8 II 
20% - 30% 
30% -40% 

40% - 50% 
11 Greater than 50% I 1 11 

Table A.ll.  Energy and Demand Savings Estimates for Other Facilities 

Existing Resulting 
Electricity Electricity Percent Existing Resulting Percent 

Base Consumption . Consumption Savings Demand Demand Savihgs 

Cape Canaveral 655,549 504,303 ' 23% 362,135 181,353 50 % 

FortDrum . 361,263 266,845 26 % NA NA NA 

Griffiss AFB 293,296 252,457 14% . NA NA NA 

Fort Lewis 25 % 

17% 545,781 386,321 

Patrick AFB 370,803 275,021 . 26% 

Robins AFB 918,386 766,049 

Fort Stewart 98 1,921 850,147 13 % NA 

Vandenberg AFB 681,787 555,575 19% NA 

From Table 11, it can be seen that the range of calculated savings for other installations falls between 
13% and 26%; and the mean savings has been 19% over the baseline consumption level. Therefore, it is 
likely that the potential electricity savings could drop the consumption level below the base level, 
requiring a lrdual'I rate to be used in the valuation of savings - the incremental rate and the zero rate. 
These figures indicate that the appropriate rate for the valuation of savings is the incremental rate up to 
the point at which energy savings above the base level have been exhausted, when they should then be 
valued at the zero rate. The next section discusses the proposed methodology for the valuation of 
electricity savings. 
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Calculation of Energy Savings 

The calculation of energy savings for each time of use was based on the following formula: 

ES' = Kt - E,' 

Where ES'= Energy savings for each time of use 
Eb= Baseline energy consumption for each time of use 
Etr= Rbulting energy consumption for each time of use 

The initial valuation of this energy savings will be in present value terms, using a modified uniform 
present value factor (UPV*) to account for increasing future energy costs and the time value of money. 
The energy cost savings are calculated using the following formula: 

PV(ES') = (Est x R;' x UPVG) 

Where PV(ES')= Present value of energy savings for each TOU 
ES'= Energy savings for each TOU 
Rti= Incremental electricity rate for each TOU 

UPV*,= UPV* for each time period n 

Valuation of Savings 

Assuming no periodic reevaluation of the base level, all energy savings would be valued at the incre- 
mental rate. The EROs will be evaluated using a number of prices, appropriate to season and time of 
use, as illustrated in Equation 3: 

C = RP X EP + R, X E, + R, X E, 

where C= Electricity cost of ERO 
Rp= On-peak rate 
Ep= On-peak consumption 
R,= Mid-peak rate 
EM= Mid-peak consumption 
Ro= Off-peak rate 
E, = Off-peak consumption 

Since the base energy charge is fixed, a ceiling of energy cost savings will exist for each time period at 
the point where incremental consumption is equal to zero. Because of this, the actual valuation of savings 
will require two steps. The net savings and SIR must be calculated for all EROs so that they can be 
ranked, then they will have to be recalculated after appropriate adjustments have been made to energy and 
demand savings. 

The first step would be to rank all cost-effective EROs in order of SIR. The analysis proceeds by 
adding or subtracting the electricity savings in each time period for each ERO from the total predicted 
consumption, beginning with the ERO vlith the highest SIR. This continues until the cumulative energy 
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or demand savings for any time of use equals the maximum savings available, or the point at which incre- 
mental consumption equals zero. This is the critical ERO for the time of use in question, or the point at 
which actual consumption equals the established base level. 

The next step would be to set the dollar savings for.that time of use to zero for each ERO below the 
critical ERO, because there can be no energy or demand cost savings below the base level. The 
remaining EROs are then reevaluated under the mixed incremental rate / zero rate pricing scheme. Using 
Equation 3 as an example, we would set Rp to zero, assuming that only the on-peak savings potential had 
been exhausted, while RM and R, would remain at their incremental price levels. This procedure would 
be repeated until a critical ERO is established for each time of use, below which all savings, the savings 
available in each time period, are valued at the zero rate. 

This method would yield a list of EROs with potentially less total dollar savings than the original list. 
EROs at the top of the list will see full incremental savings, EROs in the middle of the list will see dollar 
savings only during certain times of use, and EROs at the bottom of the list wiil have no dollar savings 
associated with energy and demand reductions. For some EROs, the loss of energy cost savings will be 
sufficient to cause them to become cost-ineffective, and as such, they should be discarded. What remains 
will be a list of cost-effective EROs that take into account a limited amount of available dollar savings. 

Integration with FEDS 

A problem that arises with this method is the incorporation of FEDS data. The FEDS EROs taken 
together will represent some level of energy savings in each time of use. The FEDS EROs alone might 
show sufficient energy savings in the first period to reduce consumption to below the established base 
levels, which will throw off the analysis of manual EROs as described above. 

FEDS and manual LCC output cannot be combined on an individual ERO basis because the FEDS 
analysis incorporates interactive effects. To alleviate this problem, FEDS EROs should be treated on a 
building set level. Aggregating the energy savings for EROs at this level should accurately account for 
interactive effects, since interaction among EROs should be contained within discrete building sets. Once 
FEDS EROs are grouped in this way, a net savings and SIR can be calculated for each building set, and 
they can be incorporated into the list of EROs described above. 

Determining the Appropriate Electricity Consumption Baseline * 

In a previous section, the predicted electricity consumption was calculated on a monthly, time-of-use, 
basis. These calculations assume that the annual data used represent a typical consumption year, that per- 
sonnel levels would not change, that all current and planned housing units would be fully occupied and 
are not replacing any old housing, and that no other construction or demolition will occur that would sig- 
nificantly affect energy consumption. 

The next problem to be faced is whether the ERO energy and demand savings should be subtracted on 
a monthly, time-of-use basis; or whether the subtractions should occur on an annual level. Calculations 
based on a monthly basis allow the valuation of savings to be more accurate since monthly variations 
would be incorporated, however, these calculations would require the savings for each ERO to be divided 
into monthly components. This would mean that instead of six consumption figures representing the 
entire year, 72 consumption figures would need to be calculated (one set of six for each of the twelve 
months). Conversely, calculations based on an annual basis would not require the monthly consumption 
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figures but could overvalue savings as individual month decreases in consumption may cause the level to 
drop below the base level for that month, but remain above the base level for the year. 

Other Complications 

The methodology outlined in the previous section assumes that the ISR is in effect throughout the 
analysis period and that the base level is never re-evaluated. Realistically, however, it is unknown as to 
whether the ISR will be in effect after 1997. Ideally, then, the ISR and zero rates should be used to 
evaluate the energy savings incurred during the first four years of the analysis with the base rate used to 
value the savings for the remainder of the analysis period. 

This valuation method would introduce further challenges and complications into the analysis method- 
. ology. Because the base rate is higher than the ISR rate for the on-peak and mid-peak time periods, there 

may be measures that would not be cost-effective when evaluated under the ISWzero rate but would 
become cost-effective under the base rate. Thus, the analysis would need to be performed again on all 
EROs not found to be cost-effective during the first four years due to the possibility that not all of the 
savings for each of the time periods were valued at a non-zero rate. 

Additionally, another possible scenario could be introduced. Traditionally, EROs have been evaluated 
assuming that the measure is either implemented immediately or on failure of existing equipment. 
Because of the potential to have measures become cost-effective when valued at a higher marginal rate, a 
time-related component would need to be introduced so that measures would be evaluated as "Replace 
Immediately, 'I "Replace on Failure, 'I and "Replace before Failure" where the replacement before failure 
would occur when the effective marginal rate switched. 

Other complications arise if the ISR remains in effect during the analysis period, but re-evaluation of 
the base level occurs during one or more of the renewal times. This possibility would introduce 
requirements such as the re-valuation of savings at base, incremental, and zero rates, depending on 
whether the new base level was higher or lower than previous levels. If, for example the base level was 
established at a higher level than in the previous period, any saving between the old base level and the 
new base level would need to be valued at the base rate instead of the incremental rate, with savings 
above the new base level evaluated at the incremental rate and savings below the old base level valued at 
the zero rate. If, on the other hand, the new base level were to be lower than the old base level, another 
analysis would need to be performed similar to the first to determine new critical EROs. 

All of these complications are compounded further in determining a method for incorporating the 
multitude of rate structures and time periods within the FEDS framework. 

Conclusions 

Because of the potential complications associated with the use of more than one rate structure, and 
because of the uncertainty involved with the future of the ISR schedule, it was decided that the base rate 
represented the best marginal rate for use in the LCC analysis. While the base rate may overestimate the 
savings available during the first four years of the analysis, it is believed to be the most conservative esti- 
mate of savings available given the uncertainty of Fort Irwin's electricity rate in the future. 
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