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EXECUTIVE SUMMARY 

S.l OBJECTIVE AND SCOPE 

The objective of this study was to investigate the benefits of several energy conservation 

retrofits installed in the Margolis apartment building. This retrofit project was taken on by DOE, 

HUD, the Chelsea public housing authority, and the local electrical utility (Boston Edison, BECo) 

to demonstrate the use of shared technical and financial resources for achieving energy savings 

in public housing. The effects of lighting, window, and energy management retrofits were 

examined to determine energy, demand, and cost saving benefits. The study analyzed the 

contribution of each of these measures on the overall reduction in electric demand and 

consumption. The effects of the energy conservation retrofits were analyzed using hourly and 

monthly consumption data and a calibrated hourly energy simulation model. By using the 

calibrated model, the individual contributions of the retrofits could be more readily distinguished. 

S.2 MARGOLIS APARTMENT BUILDING AND MEASURES 

The Margolis apartment building is a thirteen story, all electric, residential high-rise, 

located in Chelsea, Massachusetts. The 101,000 ft2 foot building contains 150 apartment units, 

a lobby, a laundry facility and a community room. Low-income elderly and handicapped tenants 

occupy the units. The building is heated with electric baseboard heat and cooled mainly with 

natural ventilation through open windows. Electrical consumption and peak demand during the 

twelve months prior to retrofit were 2,156 MWh and 599 kW, at a cost of $162,000. Post-retrofit 

consumption was reduced by 325 MWh, peak demand by 100 kW, and utility costs by $28,000. 

The total cost of the retrofit installation was $372,000. 

The lighting retrofit reduced existing lighting illumination levels and power densities by 

replacing old incandescent fixtures with energy efficient fluorescent fixtures. Apartment lighting 
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power levels were reduced from 0.8 W/ft2 to 0.46 W/ft2. Exterior and common area lighting 

power levels were also reduced as mercury vapor and incandescent fixtures were replaced with 

low-wattage, high-pressure sodium fixtures. 

Windows throughout the building were replaced with new energy-efficient windows. 

Small slider windows in apartments and stairwells were replaced with double-pane windows, for a 

decrease in conductivity of 0.28 Btu/hr-ft2-"F. Large double-pane sliding glass doors were 

replaced with double-pane argon-filled doors, which decreased conductivity by 0.43 Btu/hr-ft2-OF. 

In addition, building infiltration loads were estimated to be reduced by 15% with the new 

windows. 

An energy management system (EMS) was installed to control the thermostats located 

in the apartments. The EMS was originally programmed to reduce nighttime setpoint 

temperatures by 4OF, in the apartments. Unfortunately, the setback approach appears to 

increase electric costs under the time-of-day rate schedule for this building. The system is not 

presently implementing setbacks, and thus the energy savings from this measure have been 

insignificant. 

S.3 MODELING APPROACH AND AVAILABLE DATA 

The energy simulation model of the Margolis building was developed using DOE-2.1D 

energy simulation software. The model was put together with information obtained from site-visit 

reports, and from architectural and mechanical drawings. DOE-2.1 D results include building 

loads and consumption and demand profiles, on hourly and monthly bases. The weather data 

used in the calibration model were recorded at Boston's Logan International airport, which is 

located approximately two miles south of the actual building. 

Both hourly and monthly consumption data were available for the Margolis building and 

were key elements in the calibration of the simulation model. The low-level availability of air- 

conditioning equipment allowed hourly data to be used to estimate lighting, appliance, and 
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occupant-related loads, during the summer months. Hourly data helped in the determination of 

infiltration loads, which were strong during the colder months. A site-report and subsequent 

model quantifying the infiltration flows in the building were also used to replicate infiltration 

loads. Monthly utility data were used to match consumption in months where hourly data were 

unavailable, and to match utility costs. 

Once the calibrated model had been developed, a weather-normalized model was run to 

determine the average effects of the retrofits. This model used weather representing a typical 

meteorological year, drawn statistically, from thirty years of local weather data. The contribution 

of each retrofit component was determined using this normalized model. 

S.4 RETROFIT MEASURES BENEFITS 

Figures S.l through S.4 show the pre- and post-retrofit results of the simulation model 

for on- and off-peak consumption, peak demand, and utility costs for a weather-normalized year. 

Total annual consumption is reduced by 325 MWh while monthly peak demand is reduced, on 

average, by 61 kW. Over 60% of the total energy savings occur during utility off-peak hours 

and is largely due to the reduction in window conductivity resulting from the retrofit. 

. . .  
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Figure S.l Normalized monthly on-peak 
energy consumption 
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Figure S.2 Normalized monthly off-peak 
energy consumption 
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Figure S.3 Normalized monthly peak demand 

22.500 - 20.0w 
n, 
m 17.5W 

6 15.0W 

E 12.5W 

m 

5 
2 . l O . O W  
f 

7.500 

5.000 

2.500 

0 

I 

Jan Feb Mar A ~ I  May Jun Jul Aug Sap O d  Nov Dee 
-Pr~R.bml -Po%I.RmbOn 

Figure S.4 Monthly consumption costs 
for normalized model 

Major components of electrical energy consumption are shown in Table S.l, for pre- and 

post-retrofit models. The largest consumer of energy for this building is in space heating. A 

significant reduction in space heat consumption was achieved with the retrofit, however the 

potential for further conservation still exists in this category. 

Component I 
Space Heating 

Space Cooling 

Domestic Hot Water 

Lights 

Elevator 

Misc. Equipment 

Total 

Pre-Retrofit Consumption 
(kWh/ft2/yr) 

11.10 

0.04 

2.07 

3.65 

0.695 

4.08 

21.63 

Post-Retrofit Consumption 
(kWh/ft2/yr) 

8.54 

0.04 

2.06 

2.97 

0.695 

4.08 

18.38 
I' 

note: total area = IOI ,000 A* 
Table S.l Components of energy consumption for the Margolis building, as determined by 
normalized simulation model 
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Table S.2 presents a summary of the normalized energy and cost savings of each 

measure, along with full pre- and post-retrofit models. Again, the window retrofit was themost 

successful with energy savings of 291 MWh, demand savings of 98 kW and corresponding cost 

savings of over $25,000. The annual energy savings from the lighting retrofit was 31 MWh, with 

a demand savings of only 1 kW. Also included in Table S.2 is the potential energy, demand and 

cost savings that would occur if the EMS is brought back on-line. Note that while an additional 

energy savings of 32 MWh would occur, demand savings would be reduced by 40 kW. This 

increase in electrical demand is attributed to the increase in demand for space heat needed at 

the end of the setback period. The increase in morning demand is penalized by the utility rate 

Scenario 

Pre-Retrofit 

Post-Retrofit 

Lighting 

Windows 

Post- 
w l  Setbacks 

structure and thus cost savings for the EMS setback are reduced by $2,500. 

Energy Energy 
(MWh) Savings 

(MWh) 

2,174 

1,849 325 
(I 5%) 

2,143 31 
(1.5%) 

1,883 291 
(1 3.4%) 

1,817 357 
(1 6.4%) 

Demand 
(kw) 

594 

494 

593 

496 

534 

Demand Utility Utility Cost 
Savings cost Savings 

(kw) (8 ($1 

189,882 

100 161,883 27,999 
(16.8%) (1 4.6%) 

1 187,328 2,554 
(0.2%) (1.2%) 

98 164,475 25,407 
(16.5%) (I 3.4%) 

60 164,394 25,488 
(1 0.1 %) (1 3.3%) 

Table S.2 Summary of annual consumption, demand and utility costs for the Margolis building 

S.5 CONCLUSIONS 

The Margolis apartment building underwent improvements in energy efficiency as part of 

a joint effort to demonstrate the technical and financial benefits to public housing from 
, 
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cooperation amongst DOE, HUD, and the local utility, BECo. Retrofits of lighting, windows and 

energy management controls were installed in late 1992. The impacts of these retrofits are 

documented in this report. 

A DOE-2.1D based energy simulation model was built to determine the effects of the 

retrofit measures, on an individual and combined basis. Drawings and site-reports were used to 

build the initial model, while hourly and monthly consumption and demand data were used in the 

calibration. Calibrated parameters included lighting capacity, appliance and occupant-related 

loads, and infiltration. The final model had good results, however a better understanding of 

building infiltration is desirable. 

Energy savings from window retrofits were the most substantial for the total retrofit 

package. The new windows contributed to 90% of the total annual energy savings of 325 MWh 

and to 99% of the total cost savings of $28,000. The reason: window retrofits were most 

effective in reducing space heating loads, the largest energy consumer in the building. Lighting 

retrofits actually increased the space heating requirement as the installed lighting capacity was 

reduced. This resulted in a reduction in the overall energy and demand savings that could be 

attributed to the new lights. 

The EMS is not used currently to set back temperatures and is not saving the Margolis 

building any energy. The simulation model was used to determine the potential for energy and 

demand savings if the EMS were operated with the originally intended setbacks. While energy 

consumption would decrease by 32 MWh, substantial increases in demand are penalized enough 

by the utility rate structure to reduce cost savings by $2,500. 
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Impact Evaluation of the Energy Retrofits 

Installed in the Margolis High-Rise Apartment Building, 

Chelsea Housing Authority 

M.M. Abraham 
H.A. McLain 

J.M. MacDonald 

ABSTRACT 

As part of a joint demonstration effort involving HUD, DOE, a local public housing 

authority and Boston Edison, an evaluation of energy and demand saving retrofits was 

conducted for a tall, residential, low-income building located in Boston. The thirteen story 

building underwent window, lighting, and heating system control renovations in December, 1992. 

The success of these retrofits was determined using monthly and hourly whole-building 

consumption data along with a calibrated DOE-2.1 D energy simulation model. 

According to the model developed, post-retrofit conditions showed reductions in annual 

energy consumption of 325 MWh and in peak demand of 100 kW. These savings resulted in an 

annual energy cost savings of $28,000. Over ninety percent of energy and cost savings were 

attributed to the window retrofit. Interaction of the reduction. in lighting capacity with the 

building's electric resistance heating system reduced the potential for energy and demand 

savings associated with the lighting retrofit. Results from the hourly simulation model also 

indicate that night setbacks controlled by the energy management system were not 

implemented. An additional 32 MWh in energy savings could be obtained by bringing this 

system on-line, however peak demand would be increased by 40 kW as the morning demand for 

space heat is increased, with a net loss in cost savings of $2,500. 





1. INTRODUCTION 

The Federal government owns and operates hundreds of thousands of housing units and 

provides financial support to millions of other units. However, housing authorities lack financial 

resources, appropriate management incentives, and technical expertise to improve energy 

efficiency in these dwellings. In order to deal with this issue, the Department of Energy (DOE) 

and the Department of Housing and Urban Development (HUD) developed a joint initiative 

during FY 1990 to improve energy efficiency in public housing and other types of Federally aided 

housing. 

In April, 1991, the DOE Boston Support Office (BSO) organized a meeting of 

headquarters staff of DOE and HUD, and local agencies and utilities that were likely participants 

in the demonstration. A’Project Working Group was organized from those attending and their 

input was used to develop a Conceptual Description of the project. 

In general, Paul King of the BSO was the project field manager and primary contact. 

Owners and funding agents, who needed first approval of planned actions, included the local 

housing authority (PYA), Boston Edison Company (BECo), HUD, and DOE. ORNL worked 

closely with-the PHA and the local utility, BECo, to collect data and review energy assessments. 

Other members of the Working Group received summary information and interim plans to review 

and had the option of becoming more closely involved with any phase of the project. Periodic 

meetings were held in the Boston area to review project progress and special issues or 

developments. Members included the active participants in the project plus other interested 

agencies that may assist in future replication of the concept. Members of the Working Group 

included the following: 

Paul J. King, Chairman 
E. C. Freeman, Jr. 
Bernie Manheimer 
Carl Byers 
Robert McLaughlin 
Thomas P. Malone 
Robert Ovagimian 

DOE Boston Region Support Office 
DOUHQ 
HUD/HQ 
HUD Boston Office of Public Housing 
HUD Boston Office of Public Housing 
HUD Regional Environmental Officer 
HUD Regional Office 



Richard Kluck 
Terry Civic 
Robert Nason 
Barry McDonough 
Robert P. O'Brien 
William R. Mixon 
Rick Diamond 
Steve Morgan 
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HUD Boston Office of Public Housing 
Massachusetts Division of Energy Resources 
Executive Director, Chelsea Housing Authority 
Boston Edison Company 
New England Power Service 
Oak Ridge National Laboratory 
Lawrence Berkeley Laboratory 
Citizens Conservation Corporation 

The overall objectives of this DOE-HUD Initiative on Energy Efficiency are to: 

0 Make housing more affordable and comfortable through energy efficiency improvements 
in HUD programs, 

0 Apply existing technical information on energy efficiency to HUD-assisted housing 
construction and retrofit activities, 

0 Reduce Federal outlays for utility expenditures, and 

0 Demonstrate strategies that use the financial and technical resources of both the public 
and private sectors and that provide substantial benefits to all parties. 

The impact evaluation reported here provides technical feedback to the project 

developers. The results from this project are intended to benefit all public housing authorities in 

the Boston region and also to provide benefits to all participants. 

The project was intended to determine if such a collaborative effort would fit within the 

institutional structure of each participant, lead to increased energy efficiency and load reductions, 

change total project costs or the distribution of costs, reduce time for implementation, or 

enhance benefits for each participant. Participation by the different organizations demonstrated 

the benefits of developing organizational infrastructures and how barriers and examples of 

solutions can be identified. The energy saving impacts of the project are documented here to 

promote replication of this general process. 

1.1 SELECTION OF THE DEMONSTRATION SITE 

The demonstration building was chosen from a list of public housing buildings, within the 

Boston Edison Company's service territory, that were identified by the HUD Boston Regional 

Office (HBRO) as receiving grants for modernization and meeting project criteria. Project 
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criteria were that the building($ shall contain 100 to 150 dwelling units, be electrically heated, 

and be eligible for BECo's electric efficiency program. 

The site selected was the Chelsea Housing Authority's (CHA) Margolis Apartment 

building. This site was chosen based upon: (1) HBRO recommendation; (2) on-site inspection of 

the building by ORNL, BECo, and DOUBSO; (3) an assessment of other eligible buildings of the 

Boston Housing Authority; and (4) the interest and commitment of the Chelsea Housing 

Authority. 

The Margolis Apartment building is an all electric, thirteen story, 150 unit, elderly- and 

handicapped-occupied high-rise. The building has two elevators, electric baseboard heat, and 

circulating domestic hot water heating systems on each floor. The total building electricity cost 

exceeded $150,000 ($1.48/ft2) in 1992, with 40% of this cost incurred during the three month 

period from January through March. 

The CHA received approval from the HBRO to expend $628,000 in "development" funds 

in four areas on the Margolis building: 

1. 
2. 
3. Elevator repair, and 
4. Miscellaneous repairs and modifications. 

Roof replacement (which has been completed), 
Masonry sealing and repair and window replacement, 

The CHA submitted a Fiscal Year 1991 application for Comprehensive Improvements 

Assistance Program (CIAP) funding in the amount of $3,700,000 for additional improvement 

projects, however the development funds had to be depleted before CIAP funds would be 

considered. 

The local electric utility participant, BECo, has included this building in its Public Housing 

Electric Efficiency Program. The energy conservation measures installed under the program 

included efficient lighting in individual apartments and community room(s), replacement of 

bedroom and community room glazing with high efficiency glazing units, insulation of domestic 

water heaters, and an energy management control system. A number of other energy efficiency 



4 

measures have been recommended and may be completed in the future with HUD development 

and/or ClAP funds. 

1.2 PARTICIPANT MOTIVATION AND CONTRIBUTIONS 

US. Department of Energy (DOE) The DOE Headquarters (HQ) offices of Building 

Technologies, Utility Technologies, and Financial and Technical Assistance, and their 

participating National Laboratories, are interested in transferring the results of their research to 

practical use, in order to significantly increase the level of energy efficiency achieved through 

rehabilitation. In addition, they are interested in documenting the actual benefits achieved from 

multifamily efficiency improvements, and in developing and refining tools for selecting measures 

to be performed based on cost effectiveness. 

Funding from the DOE-HUD Initiative provided the technical assistance and expertise of 

DOE National Laboratories that have been active in the Existing Buildings Research Program 

and in the Weatherization Assistance Program. The Oak Ridge National Laboratory (ORNL) and 

Lawrence Berkeley Laboratory (LBL) assisted DOE and the DOE Regional Support Office in their 

efforts to organize and plan the project. The laboratories also served as technical resources to 

all participants during project implementation. 

DOE Regional Suppott Office The ten DOE regional offices have been assigned significantly 

increased responsibility to serve as a technical resource within their region and to transfer DOE 

developed technologies and innovations to practice. They continue to administer DOE grant 

funds to states for low income weatherization assistance programs, but are becoming much 

more proactive in the promotion of regional energy efficiency. 

DOE Boston Regional Support Office (BSO) The BSO provided overall field management for 

the site selected and coordinated participants. This included providing leadership in identifying 
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participating organizations, formulating the project, ensuring continued coordination and 

cooperation among participants during implementation, and maintaining communications of 

project status and issues. This office served as the local project contact and as the technical 

interface with ORNL. 

U.S. Department of Housing and Urban Development (HUD) HUD/HQ offices, together with 

DOE, are committed to meeting objectives of the DOE-HUD Initiative. Both HUD/HQ and the 

HUD Boston Regional Office of Public Housing (HBRO) are interested in demonstrating how 

HUD programs can be linked to private-sector and other public-sector programs to make 

federally-aided housing more energy efficient. Both technical and financial linkages are of 

interest. This demonstration focused on public housing, and the coordinated application of HUD, 

utility, and other resources to achieve cost-effective energy efficiency within an overall 

comprehensive modernization concept. 

Boston Regional Office of Public Housing Administration of the Comprehensive 

Improvements Assistance Program (CIAP), for each of the six New England states, is handled by 

this office. Under this program, public housing authorities apply to HUD for grant funds for 

comprehensive rehabilitation and modernization of public housing. Qualified candidates must 

have had an energy audit and must update it periodically. Energy efficiency improvements are 

sometimes incorporated into the comprehensive construction if they are shown to have a simple 

payback period of at least 15 years. 

Chelsea Housing Authority (CHA) The CHA is an organization created by local government to 

administer HUD programs and to own and manage public housing projects. It receives direct 

payments from HUD to develop and operate housing for low-income families, including the ClAP 

funds for correcting physical deficiencies. Each PHA that receives ClAP grant funds is 

responsible for awarding and overseeing the modernization construction contracts. 
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The CHA was responsible for the housing project selected for this demonstration. The 

CHA reviewed and agreed upon energy efficient measures proposed by the Boston Edison 

Company. CHA also coordinated and integrated work to be completed by the utility with the 

comprehensive modernization work funded by CIAP. All on-site activities were coordinated 

through a designated representative of the CHA. 

Boston Edison Company (BECo) The BECo Public Housing Electric Efficiency Program 

installs electric efficiency measures in buildings owned and managed by PHAs. The program 

targets high use electrically heated buildings, although non-electrically heated buildings are also 

eligible to participate. Each building in the program receives a technical assessment by a BECo 

Contractor to identify electrical energy conservation opportunities (e.g., space heating and 

cooling, domestic water heating, and lighting). The Contractor prepares specifications of BECo 

approved measures and presents the cost and savings analysis to the participating PHA. 

After approval by the CHA the Contractor arranged for subcontractors to install all 

approved measures, with the full cost to be paid by BECo, with the exception of cost-sharing with 

the PHA for replacement windows. The Contractor inspected the completed installation to verify 

the quality of work, integrity of measures, and projected electrical savings. Training was 

provided for PHA maintenance and/or property management staff on the proper operation and 

maintenance of electrical equipment. Assistance was also provided in educating residents on 

energy efficient practices. 

The BECo objective was to build a cooperative framework with DOE and HUD to 

facilitate the identification and installation of energy efficient measures in Federally aided 

housing. BECo is interested in implementing their electric efficiency program on PHA buildings 

chosen for the demonstration and would apply in-house expertise and experience to achieve 

maximum savings, improve affordability and comfort, and educate building operators and 

residents. Improved understanding of measure performance will help BECo to conduct their 
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program more effectively in the future. BECo assisted in the evaluation of the demonstration by 

providing energy consumption information and collecting required field data. 

* The New England Power Service (NEPS) NEPS completed a Phase I R&D Program in July, 

1991, which featured installation of efficiency measures in 730 units of electrically heated 

multifamily buildings, both privately and publicly owned. NEPS fully funded measures which 

were estimated to be cost-effective, based on the value of avoided energy and capacity benefits, 

and expected to save approximately 2,200 kWh/year for each dwelling unit. Upon completion of 

the detailed evaluation of the first phase, the Company expected to expand the Multifamily 

Retrofit Program with the goal of reaching approximately 10,000 units in the first four years. This 

particular DOE-HUD Initiative demonstration project was organized at a time that NEPS was 

between phases and not available for active participation. However, NEPS would still benefit 

from the understanding of measure performance obtained from this effort. 

1.3 STUDY OBJECTIVES 

This report of the impact evaluation of energy and energy cost savings and cost 

effectiveness is important to the participants in this effort. Research questions to be addressed 

by the impact evaluation include the following: 

0 What is the actual change in energy consumption and electric demand, normalized to 
standard weather conditions, due to installation of the energy conservation measures 
(ECMs)? 
What was the installed cost of each ECM? 
What was the estimated overall cost effectiveness of ECMs installed? 

? 
0 

1.4 REPORT ORGANIZATION 

This report contains eight sections, and in addition, an abstract, executive summary and 

appendices. This section presented a brief background on the project, including participants, site 
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selection and project objectives. Section two describes the building studied, including details on 

pre- and post-retrofit conditions. Sections three and four present detailed information on the 

development of the energy simulation model for the Margolis building. Analysis and results of the 

energy simulation model are presented in section five, including utility cost savings estimates. 

The effectiveness of the individual retrofits are discussed in section six. Finally, project 

conclusions and references are presented in sections seven and eight, respectively. 

2. MARGOLIS APARTMENT BUILDING AND CONSERVATION MEASURES 

Figure 2.1 
Chelsea, Massachusetts 

Margolis apartment building, located in 

The Margolis apartment building, 

built in 1974 and located in Chelsea, 

Massachusetts, (Figure 2.1), is served by 

the Boston Edison Electric Company 

(BECo). The building is an all electric, 

thirteen story, 150 unit residential 

dwelling for the handicapped and elderly. 

The building underwent lighting, window, 

and control retrofits in December, 1992. 

Peak and off-peak consumption and 

peak demand profiles are shown in 

Figure 2.2, for pre- and post-retrofit 

months. Electrical utility costs for 1991 and 1992 were $147,000 and $161,700, respectively. In 

late 1992, window, lighting and control retrofits were implemented. During the first nine months 

after retrofit, (December 1992 - August 1993) the peak demand was reduced by 41 kW, with a 

total consumption savings of 317 MWh compared to the same months in 1992. Installation costs 

were around $370,000, with anticipated energy cost savings of $35,000 per year, (BECo 1993a). 
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Figure 2.2 Peak and off-peak consumption and peak demand profiles for Margolis building, from 
monthly utility bills, (BECo 1993a) 

2.1 BUILDING DESCRIPTION 

2.1.1 Design and Construction 

The total floor area of the Margolis apartment building is 101,000 ft2. The first story 

contains carports for eleven automobiles and a main lobby with post boxes. The remaining 

twelve floors are comprised of 142 one bedroom units (586 ft2) and 8 two bedroom units (883 

ft2), with'a laundry room and an 'activity area on the thirteenth floor. Eighteen units are 

handicapped equipped. In addition to the bedroom(s), each apartment contains a kitchen, living 

room, full bathroom and dining area. A typical floor plan is shown in Figure 2.3. Apartments are 

heated via electric resistance baseboard heaters. While a few tenants have installed small air- 

conditioners, the majority must cool via natural ventilation through open windows. 

The pre-retrofit building envelope contained external walls with 4" bricks on 6" concrete 

blocks with 2" of rigid insulation and interior gypsum sheets for a total conductivity of 0.094 

Btu/hr-ft*-OF. The roof was built-up ro,ofing with air space and the equivalent of R-25 insulation 
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Figure 2.3 Typical floor plan for floor in Margolis apartment building 

for a total U-value of 0.036 Btu/hr-ft2-"F. Double-pane windows and sliding glass doors had a 

conductivity of 0.88 Btu/hr-ft2-"F and comprised approximately 15% of exterior wall area. 

2.1.2 Occupancy and Use 

Approximately 160 tenants occupy this low-income apartment building. The majority of 

the tenants are elderly and a small percentage are handicapped. The daily occupant-dependent 

components of building consumption exhibit typical residential dual-peak profiles. Peaks tend to 

occur around 9:00 a.m. and 500 p.m. and rarely vary on weekends and holidays. Apartment 

equipment, including a refrigerator, television, and range, provides an estimated equipment load 

of 1 .o w/ft*. 

2.1.3 Local Climate 

Due to a high building surface to volume ratio, location, and immediate surroundings, the 

Margolis building has exhibited weather dependent consumption profiles in the winter months. 

The building is completely unshielded due to the lack of neighboring high-rise buildings. The 
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occupant-dependent profile i s  distorted on days when low temperatures are combined with high- 

speed winds out of the northwest. 

2.2 VENTILATION AND AIR INFILTRATION 

2.2.1 Building Ventilation System 

A site visit was made in June 1992 to determine infiltration and ventilation conditions 

within the building (LBL 1992). The supply air system for the Margolis building was designed to 

provide 7,000 cfm of air to the main corridors, with electric resistance heating when needed. In 

addition, the supply air was also designed to enter the individual apartment via a small gap under 

the corridor door. This supply system has been inoperable since 1989 due to the failure of the 

filter drive for the air-cleaning system. When the supply fan was turned on, during the site visit, 

actual air-flow was 5,000 cfm. It was determined, however, that little of this supply air actually 

reached the apartments since the door gaps were too small. 

The exhaust system contains 29 roof-mounted fans which remove stale apartment air 

from kitchen and bathroom exhaust risers. Upon inspection, all of these fans were found to be 

inoperable due to either broken motors or V-belts. Bathroom and kitchen roof exhaust fans were 

designed at 720 and 480 cfm and, when operated, actually only produced 450 and 290 cfm, 

respectively. Also, the filters in apartment bathroom and kitchen exhaust fans were found to be 

filthy. 

Ventilation rates were determined using tracer gas measurements in two "typical" 

apartments. With operation of the supply fan alone, the apartment ventilation rate was 

approximately 0.2 ACH. When roof exhaust fans were operated along with the supply fan, a s  

intended, the ventilation rate increased to 0.44 ACH. 
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2.2.2 Building Infiltration 

During the site visit, blower door measurements were made to determine apartment air 

leakage. The average effective leakage area for one- and two-bedroom apartments was 31 in2 

and 39 in2, respectively. Seventy-five percent of the air leakage was through the exterior wall. 

Worn double-pane windows and sliding glass doors were found to be the major source of exterior 

leakage. The site visit report also notes that these measurements were taken under extremely 

windy conditions and may not represent precise measurements. 

The infiltration audit also found other areas of the building, besides apartments, to be 

major sources of infiltration. Specifically, elevator shafts and stairwells were found to be 

extremely drafty. When the doors to these areas are allowed to remain open, further infiltration 

into conditioned areas occurs. Site visit reports indicated that the tenants offen left the doors 

open. 

Data gathered from the ventilation/infiltration audit were used to develop a computer 

model to simulate the air-flow into and throughout the building (Feustel 1993). The model 

provided infiltration information as a function of wind velocity and building height. The results 

were then used to represent infiltration behavior in the whole-building energy simulation model. 

2.3 WINDOW REPLACEMENT 

2.3.1 Original Windows 

Double-pane sliding glass windows and doors are used throughout the building. Each 

apartment has a slider window, approximately 16 ft2, and a sliding glass door, approximately 40 

ff2, on the exterior wall. Both slider windows and doors are double-pane glass and have 

conductivities of 0.88 and 0.92 Btu/hr-ft*-OF, respectively. Staiwell windows are also double- 

pane sliders with an area of 16 ft2 and estimated conductivity of 0.88 Btu/hr-ft2-OF. A majority of 
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these windows and doors were found to have leakage problems, evident by the existence of 

condensation between the panes. 

2.3.2 Replacement Windows 

In December 1992, new windows were installed in apartments and in stailwells. The 

double-pane slider windows were replaced with double-pane, argon-filled windows. The 

conductivity of the new windows is 0.60 Btu/hr-ft2-"F. By request of the tenants, sliding glass 

doors were not replaced with conventional wood or metal doors with windows. Instead, the 

exterior doors were replaced with double-pane argon-filled sliding glass doors. The conductivity 

of the new doors is 0.490 Btu/hr-ft*-OF. Infiltration from worn windows and doors was also 

expected to decrease with the installation of the new windows. 

2.4 LIGHTING REPLACEMENT 

2.4.1 Original Lighting 

As designed, the building contained an abundance of inefficient lighting fixtures and 

several opportunities existed for retrofit of interior and exterior lighting. The original lighting 

capacity installed in the apartments was 0.8 W/ft2. Apartment lamps were almost entirely 

incandescent with an average fixture size of 75W. Comdor and stailwell fluorescent lighting 

power levels were at 1.0 and 0.3 W/ft2. The corridor connecting the garage area to the main 

lobby and elevators had 13, 120W mercury vapor fixtures. Exterior lighting included ten, 120W 

mercury vapor fixtures, located in carports, and seven 150W incandescent parking lot fixtures. 
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2.4.2 Replacement Lighting 

The high incandescent illumination and power levels in apartments were reduced by 

replacement with smaller, energy efficient compact fluorescents. The apartment lighting retrofit 

reduced installed apartment lighting capacity to 0.46 W/ft2. As an illustration, 120W and 25W 

incandescent kitchen ceiling and oven hood fixtures were replaced with 15W and 7W compact 

fluorescents. Similarly, 60W and 25W living room fixtures were also retrofitted with 15W and 

7W compact fluorescents. 

Exterior and common area lighting power levels were also reduced with the replacement 

of oversized inefficient fixtures. Ten exterior carport, and thirteen first floor corridor 120W 

mercury vapor fixtures were retrofitted with 45W high-pressure sodium fixtures. Also, seven 

150W incandescent exterior fixtures were replaced with 45W high-pressure sodium fixtures. 

2.5 ENERGY MANAGEMENT SYSTEM (EMS) 

2.5.1 Original Thermostat Control 

The Margolis building was heated with locally-controlled electric resistance baseboards 

and cooled mostly by natural ventilation. Original heating control was through thermostats 

adjusted by the tenants. Infiltration problems, intensified with high speed cold winds from the 

northwest, contributed to a polarity in thermostat set points within the building. Residents on the 

northwest side complained of extreme draftiness and set thermostats above 78°F. At the same 

time, southeast residents experiencing overheating, turned thermostats back and sometimes 

opened windows. These manually operated thermostats were not equipped with night setback 

controls. 
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2.5.2 New EMS 

The manual thermostats within the apartments were replaced with a central energy 

management system (EMS) that can control individual apartment temperatures. The new EMS 

was installed with the intentions of controlling the range of daytime set points and implementing 

nighttime setbacks. However, the new system could be overridden by the tenants. At the time 

of this study, the night setback function had been disengaged in order to minimize tenant 

complaints. 

3. MODELING APPROACH AND AVAILABLE DATA 

Often the means of evaluating the benefits of a retrofit or series of retrofits is achieved 

with an analysis of the building's energy consumption before and after each retrofit installation. 

Unfortunately, this approach can be time-consuming and expensive while producing unreliable 

results. Climate, building occupancy, and usage can alter the base mode of energy consumption 

of the building and thus skew the results of such a comparison method. Yet another problem 

with this approach is the inability to clearly evaluate retrofit interactions, and thus, the ultimate 

success of the individual retrofit measures. 

One means of reducing these problems is to use a fitted simulation model of the 

building's energy consumption. This approach is taken in this study. Architectural drawings, 

photographs and site reports were used in the development of the simulation model. Information 

on occupant-driven energy consumption was limited and had to be estimated using data from 

previous studies (ACEEE 1986, PG&E 1987). The availability of whole-building hourly 

consumption data helped to fine-tune some of the parameters within the model. The final post- 

retrofit model was then used to determine the effectiveness of the retrofit measures both on an 

individual and combined basis. 
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3.1 AVAILABLE DATA 

3.1.1 Hourly Data 

Hourly electricity consumption data were obtained from BECo time-of-day electric 

meters. These data were available from May 1991 through April 1993. Hourly data helped to 

determine such things as occupant related loads, building response to infiltration, and the 

performance of the newly installed retrofits. The lack of a significant amount of cooling 

equipment allowed for year-round occupant related loads to be determined with summer hourly 

consumption profiles. The availability of these data simplified the task of matching the energy 

consumption of the computer model to the actual building. 

3.1.2 Monthly Data 

Recall that Figure 2.2 showed the peak and off-peak consumption and peak demand 

profiles obtained from monthly utility data, (BECo 1993a). This data spanned the period of 

December 1990 through September 1993. Monthly utility data also included power factor levels 

and utility charges which were used in the evaluation of the quality of the energy simulation 

model, and in the corresponding cost analysis. Monthly data were also compiled from the hourly 

data collected by the utility meter. These two sources of monthly information were found to be 

compatible over the intersecting periods. 

3.1.3 Weather Data 

The hourly weather data were obtained from a National Weather Service station located 

at Boston's Logan International Airport, (NOM 1993). The airport is located approximately two 

miles south of the Margolis building. The weather data included hourly conditions from 1991 
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through 1993. These hourly weather data were used in the calibration of the computer model for 

the pre- and post-retrofitted Margolis building. In order to remove climatic variations from the 

consumption models, normalized weather data were used in the determination of overall 

benefits. These data were also obtained from the National Climatic Data Center for the Logan 

International Airport and statistically represent a "typical" meteorological year, or TMY, for the 

Boston area. 

3.2 SIMULATION MODEL 

The energy simulation program used for the analysis of the Margolis apartment building 

was the DOE-2.1 D Building Energy Analysis Program (LBL 1981, 1989). DOE-2.1 D is an hourly 

energy simulation model which has been widely accepted for performing building simutations. 

The program uses transfer functions, as opposed to iterative methods, to calculate the dynamic 

thermal behavior of a building. Results of the simulation allow the user to examine building 

loads and whole-building and end-use energy consumption, on an hourly or monthly basis. 

The DOE-2.1D program consists of four major calculation routines : 1) LOADS, 

2) SYSTEMS, 3) PLANT, 4) ECONOMICS. The building energy loads are calculated in 

LOADS assuming fixed interior space temperatures. These loads are then sent to the 

SYSTEMS routine, where along with HVAC system and control information, actual space 

temperatures and HVAC system responses are determined. The performance of the HVAC 

equipment is then passed to the PLANT routine, where fuel and electricity requirements for the 

HVAC equipment, and the whole-building, are calculated. Using the results of the PLANT 

routine, energy costs may then be determined in ECONOMICS. 

Along with the hourly weather data, the DOE-2.1D program requires a user input file 

written using the BDL format (Building Description Language). The input file is divided into four 

parts corresponding to the four routines within the program. The Margolis building actually has 

two input files, one for pre- and one for post-retrofit simulations. The post-retrofit model includes 
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the improvements made in lighting, windows, and infiltration (resulting from window 

replacement). These files are listed in Appendix A. 

Due to the complexity of the BECo rate structure, the ECONOMICS routine in DOE-2.1 D 

is not capable of properly determining the economic costs of energy consumption for the 

Margolis building. An external routine incorporating the exact utility billing charges and rate 

schedules was developed and used to properly calculate Margolis energy costs from the hourly 

consumption results obtained with DOE-2.1 D. 

3.3 ENERGY AND COST SAVINGS CALCULATIONS 

The development of the input files for the simulation program began with a model based 

on architectural drawings, site-audit reports, and photographs. This initial model was then 

compared to hourly whole-building data. Parameters were then calibrated iteratively using 

available information from audits, existing data on components of residential consumption, and 

engineering insight. This calibration method was used in the pre-retrofit model. The only 

parameter requiring calibration in the post-retrofit model was infiltration, since it had not been 

quantified. Details of the model calibration are discussed in the next section. 

The final pre- and post-retrofit models were used to determine energy and demand 

reductions in the first year of retrofit. These two models were also run with normalized weather 

data to determine the average effectiveness of the retrofits. A final study was performed, using 

normalized weather data, to determine possible interactive effects of the retrofits and to quantify 

consumption savings that could be realized if the control system were to be operated properly. 

4. ADJUSTMENT OF MODEL PARAMETERS 

A preliminary model of the Margolis building was developed using architectural and 

mechanical drawings, photographs and information obtained from the LBL audit, and a technical 
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assessment by BECo’s retrofit contractor, Citizens Conservation Corporation, (HUD 1973, LBL 

1992, Citizens 1992). This information included building orientation, number of occupants, 

envelope construction, installed lighting, appliances, and heating and ventilation equipment. In 

addition, internal load schedules were estimated using residential load profiles taken from 

ACEEE (1 986) and PG&E (1 987) studies. 

Pre-retrofit input parameters, such as lighting, appliance, and occupancy levels and 

schedules, were adjusted until hourly whole-building simulated consumption profiles matched 

those from the hourly monitored data. Specifically, hourly summer data were used to calibrate 

these loads since the minimal amount of air-conditioning equipment meant that most summer 

consumption could be attributed specifically to internal loads. Boston weather data for 1991 and 

1992 were used in the simulation of the pre-retrofit Margolis building. 

This technique of model calibration is referred to as conformed output. Alternatively, 

conformed input refers to the strict implementation of specific building information in the model, 

without fine-tuning through comparison with actual data. A study performed on commercial 

buildings compared the success of these two methods for models simulated with DOE-2.1D, 

(Corson 1992). The Corson study used monthly whole-building and end-use data to develop the 

conformed output models. It was determined that models built using the conformed output 

method exhibited 15% and 6% average monthly divergences in consumption, for small retail and 

large office buildings respectively. Conversely, the conformed input models displayed average 

monthly consumption divergences of 40% and 33%, for small retail and large office buildings. 

The calibration of the Margolis building used, as a basis, the conformed output approach. 

However, with the additional use of hourly whole-building consumption data, the modeling 

process was more rigorous than that followed in the Corson study. 

The post-retrofit model was not fine-tuned in the same manner as the pre-retrofit model. 

Hourly post-retrofit data were available only through March of 1993, and monthly data through 

August. Lighting, window replacement, and thermostat retrofits were quantified and 
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implemented in the post-retrofit model and required little adjustment to fit the data. Boston 

weather data for late 1992 and 1993 were used in the post-retrofit simulation. 

4.1 ADJUSTED PARAMETERS 

The calibration process followed in the development of the pre-retrofit Margolis building was 

quite involved. A legitimate model requires a considerable amount of engineering judgment 

when end-use hourly data is unavailable. Internal loads were adjusted until the summer hourly 

model matched the data. An infiltration model was selected after considerable investigation into 

several methods. The final product reflects a detailed calibration of internal loads and 

infiltration. Several of the significant parameters used in the pre-retrofit model are given in 

Table 4.1. Further details may be found in the input file, located in Appendix A. 

Table 4.1 Significant parameters utilized in the Margolis building pre-retrofit model 

Liahtinq 
Apartments 
Comdors 
Garage 
Exterior 

ADDliances 
Apartments: 

Infiltration 
Apartments 
Comdors 
Stairwells 
Elevator Shafts 

WindowsIGlass Doors 
Regular Windows 
Sliding Glass Doors 

0.8 Wlft2 
1.0 WIft2 
0.40 W/ft2 
3.9 kW 

1.0 WIft2 

0.8 ACH, (0.1 1 cfm/ft2) 
0.2 ACH, (0.026 cfmlft9 
0.7 - 1.82 ACH, (0.1 1 - 1.99 cfm/ft2) 
0.7 - 1.89 ACH, (0.1 1 - 0.29 cfmIft9 

Double-pane, glass conductance = 0.88 Btu/hr-ft2-OF 
Double-pane, glass conductance = 0.92 Btu/hr-ft2-OF 

Sianificant Heatina EauiDment 
Apartments: 889,954 Btulhr Electric Resistance Baseboards 
Stairwells: 153,636 Btu/hr Electric Resistance Baseboards 
Elevator Areas: 50,974 Btu/hr Electric Resistance 

Heatina EauiDment Control 
Temperature set points: Oct. 16 - May 31: 78OF, no setbacks 

June 1 - Oct. 15: 72OF, no setbacks 
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The development process for the post-retrofit model was less involved than that for the 

pre-retrofit. Changes made to lighting levels and glazing were easily quantified from the Citizens 

assessment report (1992). These changes were applied to the pre-retrofit model to produce the 

post-retrofit model. Because hourly whole-building data were available only through April 1993, 

monthly utility data through August 1993 were used to calibrate additional cooling months. Table 

4.2 shows a summary of post-retrofit parameters. 

The pre-retrofit lighting and appliance levels were initially estimated using architectural 

drawings and a lighting technical assessment included in an energy conservation study on the 

Margolis building, (Citizens 1992). The consumption profile of the lighting was scheduled to 

follow a typical dual peak residential trend. These initial estimates were incorporated into the 

Table 4.2 Significant parameters used in the Margolis building post-retrofit model 

Liahtinq 
Apartments 
Corridors 
Garage 
Exterior 

Appliances 
Apartments: 

Infiltration 
Apartments 
Corridors 
Stairwells 

0.46 W/ft2 
1.0 W/fP 
0.15 w/ft2 
3.2 kW 

1.0 W/fP 

0.68 ACH, (0.09 cfm/ft2) 
0.17 ACH, (0.022 cfm/ft2) 
0.59 - 1.55 ACH. (0.09 - 1.22 cfm/fl 

Elevator Shafts 0.59 - 1.6 ACH, (0.09 - 0.25 cfrnlft? 

Windows/Glass Doors 
Regular Windows 
Sliding Glass Doors 

Double-pane argon-filled, glass conductance = 0.6 Btu/hr-ftx°F 
Double-pane argon-filled, glass conductance = 0.49 Btu/hr-ftZ°F 

Sianificant Heatinq Eauipment 
Apartments: 889,954 Btu/hr Electric Resistance Baseboards 
Stairwells: 153,636 Btu/hr Electric Resistance Baseboards 
Elevator Areas: 50,974 Btu/hr Electric Resistance . 

Heatinq Equipment Control 
Temperature set points: Oct. 16 - May 31: 78OF, no setbacks 

June 1 - Oct. 15: 72OF, no setbacks 
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DOE-2.1 D model. Since the building lacked a significant amount of cooling equipment, hourly 

summer consumption components consisted mainly of lights and appliances. Careful calibration 

&these loads with summer whole-building hourly data resulted in an installed lighting capacity of 

0.8W/ft2. Figure 4.1 shows an hourly comparison of the model for the cooling month of July 

1992. 
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Figure 4.1 Pre-retrofit comparison of DOE-2.1 D and whole-building hourly data, July 1992 

Post-retrofit lighting included the replacement of apartment incandescent bulbs with 

lower wattage, compact fluorescents. This reduced the estimated apartment lighting capacity to 

0.46 W/ft2. Hourly whole-building data were unavailable for the cooling months after these 
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lighting retrofits were installed. Thus, a comparison of summer data had to be done using 

monthly utility data alone. Figure 4.2 shows the post-retrofit comparison of monthly DOE-2.1 D 

demand and consumption with actual utility data. The simulated peak and off-peak consumption 

levels during summer months are within 0% - 12% of the utility monthly data. Demand models 

were found to be less accurate, at 8.2% - 19.8% below actual demand during the summer 

months of 1993. This deviation in demand is assumed to be a result of the slight decrease in 

power factor accompanying the new fluorescent ballasts. 

Figure 4.2 Post-Retrofit comparison of DOE-2.1 D model and monthly utility data, 1993 

According to site visit reports, infiltration was a major problem in the Margolis building. 

Northwest facing units experienced high amounts of infiltration from cold northwest winds during 

the winter months. Tenants in these units often set thermostats well above 78OF. At the same 
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time, the lack of proper ventilation prevented southeastern tenants from receiving adequate 

amounts of outside air, resulting in over-heated apartments. Some southeastern tenants 

responded by opening windows. A user-defined function routine in DOE-2.1 D accounted for the 

open southeastern windows on the warmer days in winter months. 

The DOE-2.1D simulation routine offers two options for modeling infiltration in a large 

building. The Crack Method incorporates pressure effects of the air density gradient (the stack 

effect) and wind velocity to determine the total pressure difference across the exterior wall. 

Similar to an orifice flow calculation, the Crack Method calculates infiltration for the building with 

pressure coefficients and exponents characteristic to the building. The Air-Change Method, the 

other option, has two sub-options. The user may specify either infiltration flowrates, which are 

independent of wind speed, or specify air-changes (rated at 10 mph), which are adjusted linearly 

with wind speed. 

The infiltration study on the Margolis building included blower door measurements on 

selected apartments. The original intention of the study was to gather quantitative site 

information for the development of a whole-building air-flow model for computer simulation. The 

simulation routine used was COMIS, a joint internationally developed program sponsored by 

LBL, (COMIS 1990, 1992). The Margolis COMIS model was quite detailed and its development 

required a great deal of time and effort. The results from the model included a few cases 

covering specific boundary conditions. These results were helpful enough to be used as a basis 

for the model of infiltration loads in the DOE-2.1 D whole-building simulation. COMIS infiltration 

rates, at various wind speeds and temperature differentials, are listed in Appendix 8 of this 

report. 

Initial tests for modeling infiltration using the DOE-2.1D program began with the Crack 

Method. Test results seemed to indicate that while the infiltration flow coefficients and 

exponents for walls and windows were reasonable, problems existed with the DOE-2.1 D 

calculation of total pressure differentials across exterior walls. The DOE-2.1 engineers manual 

suggests that stack pressures may be 18 - 38% greater than actual stack pressures, (LBL 1982). 

The manual also notes that wind velocity pressures may be overestimated by as much as 46%. 
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Further investigation into the actual DOE-2.1D code found that when the angle of the wind was 

negative with respect to the outward normal of the wall examined, wind pressure would be 

completely neglected, resulting in low estimates of infiltration. While errors in wind-direction 

were easily corrected with a function routine, other problems with the Crack Method required 

more in-depth attention. 

To accommodate the shortcomings of the Crack Method, user-defined function routines 

were developed for walls and windows. These routines used air-flows from the COMIS results to 

predict coefficients and exponents for wind and stack pressures. The COMIS data contained 

windward and leeward air-flows at wind speeds of 0, 9, 18 and 27 mph with corresponding 

indoor/outdoor temperature differentials of OOF, 36OF, and 72°F. Because only one angle of wind 

approach was available, extrapolation of the wind pressure coefficients was felt to be unreliable. 

The Crack Method model using the COME information improved hourly consumption 

only slightly over the original DOE-2.1D Crack routine. Figure 4.3 shows, along with hourly 

temperatures and wind speed, a comparison of the two approaches with actual hourly data for 

the week of January 15, 1992. The hourly data suggest that both Crack models are too sensitive 

to wind speed. Early January 15th, while wind speeds exceed 30 mph, both models over- 

estimate consumption by as much as 150 kWh. On the 21st, wind speeds fall below 10 mph and 

resulting models underestimate building consumption by a maximum of 150 kWh per hour. 

Figure 4.3.a Hourly weather data for January 15-21, 1992, (NCDC, 1992) 4.3.b Comparison of 
Crack Method hourly consumption models with actual data 
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According to National Climatic Data Center standards, hourly wind speed and direction represent 

average values recorded during a five minute sample taken once an hour. This method can not 

accurately represent the average hourly wind velocity at the weather station and probably does 

not reflect the wind conditions experienced by the building. The inability of the Crack Method to 

adjust airport wind speed to site wind speed may have contributed to the difficulties experienced 

with the Margolis infiltration modeling. 

Because of the apparent problems with wind data, the next step was to focus on the 

development of a model using the Air-Change Method. Both Air-Change models incorporated 

infiltration information from the LBL study. The first model includes air-changes per hour with 

corrections for wind speed. The second also uses air-changes per hour, however these are input 

as constant flowrates per unit of floor area. Once again, in order to evaluate the candidate 

methods, hourly comparisons with actual data were performed. 

The hourly comparisons of these models, for the same week in January, are given in 

Figure 4.4. More so than with the Crack Method, the wind adjusted Air-Change model is simply 

too sensitive to wind conditions. The simulation model incorporating constant air-changes lacked 

wind speed sensitivity and, ultimately, was selected as the best infiltration model for the Margolis 

building. Monthly comparisons of all models considered are given in Figure 4.5, for pre-retrofit 

conditions. The post-retrofit model utilized the constant Air-Change Method, with reductions in 

pre-retrofit infiltration of 15%. 

Figure 4.4 Comparison of Air-Change Method hourly consumption models with actual data 
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Figure 4.5 
conditions 

Comparisons of monthly consumption and peak demand for 1992 pre-retrofit 

4.2 MONTHLY BILLING PERIOD COMPARISONS 

The monthly billing data were available for the pre-retrofit months of January 1991 

through November 1992 and post-retrofit months of December 1992 through August 1993. 

Billing data contain peak and off-peak consumption, peak demand, and corresponding costs, 
I 

(see Appendix C). Because the billing period for the Margolis building begins mid-month, the 

hourly simulation model was adjusted accordingly. Comparison plots of pre- and post-retrofit 

peak and off-peak consumption and demand are presented in Figure 4.6.a - 4.6.f. The pre- 

retrofit demand model falls within a 10% difference for the majority of the period, excluding 

October, 1992, at 13.7%. Similarly, the majority of pre-retrofit peak and off-peak consumption 

months are in agreement within 14%. Post-retrofit model consumption is within 9% of actual 

peak and off-peak data. Finally, the post-retrofit demand model, however, is not as accurate, 

with an average monthly difference of 11% and a maximum of 20%. 

In addition to consumption and demand data, monthly utility costs from January 1991 

through August 1993 were also available. The rate structures applicable to this period were used 

to calculate utility costs based on the simulated hourly data. Figures 4.7.a and 4.7.b show the 
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Figure 4.6.a Pre-retrofit on-peak consumption Figure 4.6.b Post-retrofit on-peak consumption 
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Figure 4.6.c Pre-retrofit off-peak consumption Figure 4.6.d Post-retrofit off-peak consumption 
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Figure 4.6.e Pre-retrofit peak demand 
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Figure 4.6.f Post-retrofit peak demand 
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Figure 4.7.a Pre-retrofit utility costs Figure 4.7.b Post-retrofit utility costs 

results, pre-and post retrofit, along with actual billed utility costs. The cost model determined 

utility costs, on average, within 5% of actual costs. 
* 

4.3 HOURLY DATA COMPARISONS 

Hourly whole-building data, including peak demand and consumption, were available for 

the Margolis building during the period of January 1991 through April 1993. As previously 

discussed, pre-retrofit data taken during summer months were used to calibrate the baseload of 

klud - b , 2  . . . . . . . 

Figure 4.8 
model and actual data, January 22-31 , 1992 

Pre-retrofit hourly comparison of simulation 

the building, (see Figure 4.1). 

This was possible because the 

Margolis building has very little 

cooling equipment. Once the 

baseload consumption was 

determined, hourly heating 

season data were used in the 

calibration of the infiltration 

model. Figure 4.8 presents 

hourly data comparisons during 
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a pre-retrofit period in January, 1992. The simulated data agreed with the actual data within 6%, 

on average, for these ten days. During this period, maximum error can be as high as 24%, as 

the model has difficulty matching afternoon demand peaks. 

The post-retrofit model, for the same week in 1993, is compared, on an hourly basis, to 

actual data in Figure 4.9. The post-retrofit simulation still exhibits difficulty in matching some 

afternoon peaks, with maximum error of 39%, however the average difference was under 9%. 

Several attempts were made to improve the afternoon response of the model. It was determined 

.. 
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Figure 4.9 Post-retrofit hourly comparison of 
simulation model and actual data, January 22-31, 
1993 

that the deviation during afternoon peaks 

was due to tenant behavior and was too 

difficult to interpret exactly. 

A post-retrofit model 

incorporating thermostat setbacks was 

executed and compared to the actual 

hourly data. The hourly profile for the 

model showed significant decreases in 

consumption during the scheduled hours 

of setback. The profile of the actual data, however, does not reflect the operation of a nighttime 

setback. It is believed that although thermostat setback capabilities exist in the apartments, they 

are either not used or overridden. 

5. CONSERVATION MEASURES: ENERGY AND COST SAVINGS 

The success of installed energy conservation measures is dependent on the actual 

energy and demand reduction, and corresponding economics. These variables can be 

influenced by weather, measure, and building interactions. To effectively determine the success 

of energy conservation measures, these effects must be treated appropriately. 



31 

Energy and demand responses of retrofits may vary from year to year with changes in 

weather patterns. A common problem occurs when unusual weather conditions in the first retrofit 

year result in poor energy and demand savings. In order to eliminate the weather effects, a 

normalized weather model for the region may be used in the DOE-2.1D simulation. The 

normalized model of the Margolis building used a typical meteorological year (TMY) as the 

weather data for Boston, MA. In this section, normalized models for the Margolis building are 

presented and discussed. 

The success of individual retrofits may be determined only after the contribution of each 

is quantified. This is done by comparing a pre-retrofit consumption model to models for 

individual retrofits and total installed retrofits (Crown 1993). These retrofit tests often find 

interactions that occur either with building systems or with other measures. Additionally, it is 

important to verify that savings calculated' by the model are realistic, relative to the whole- 

building consumption (Waltz 1992). In the interaction study, retrofit tests are performed using 

normalized TMY weather data. The results of these tests are also presented in this section. 

5.1 OVERALL BENEFITS 

5.1 .I Energy and Peak Demand Savings 

Monthly comparisons of normalized peak and off-peak energy consumption, as 

determined by the rate structure, for full pre- and post-retrofit models are shown in Figures 5.1 .a 

and b. Total annual consumption is reduced by 325 MWh, in the normalized model. Over 60% 

of these savings occur during off-peak hours, with the improved insulative effects of retrofit 

windows. Total energy savings are more prevalent during the heating season and reflect an 

average reduction in pre-retrofit annual consumption of 15%. 
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Figure 5.1 a Normalized monthly on-peak 
energy consumption energy consumption 

Figure 5.1 .b Normalized monthly off-peak 

Similarly, the demand comparison for the normalized model is shown in Figure 5.2. The 

demand peaks displayed in Figure 5.2 reflect peaks as defined in the utility rate schedule and do 

Jan Fsb Mar Apr May Jun Jul Aug Ssp Od Nov Osc 
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Figure 5.2 Normalized monthly peak demand 

not necessarily reflect overall peak values. 

This monthly peak demand is reduced, on 

average, by 61 kW and the maximum 

peak is reduced by 17%, or 100 kW, in 

January. Demand savings are most 

significant during colder months as retrofit 

windows reduce the demand for electric 

resistance heat. 

5.1.2 Component Energy Used 

The components of energy consumption for the normalized model were calculated by 

the simulation routine. This pre- and post-retrofit information is given, on a per area basis, in 

Table 5.1. The electric resistance heating system in the Margolis building constitutes nearly half 

of the whole-building energy consumption. Post-retrofit measures reduced space heating 

requirements by 2.6 kWh/ft2 and lighting consumption by 0.68 kWh/fi2. The large contribution of 



33 

Post- wl Setback 

space heating to whole-building consumption indicates the vast potential for conservation in this 

area. National data on residential energy use show that multifamily buildings, in a similar 

climate, consume approximately 5-6 kWh/ff2 for space heating, (EIA 1993). While space heating 

consumption was reduced with the retrofit, at 8.5 kWh/ff2, apparently there is still room for 

improvement. 

Table 5.1 Components of energy consumption for the Margolis building, as determined by 

994 

normalized simulation modc 

Component 

Space Heating 

Space Cooling 

Domestic Hot Water 

Lights 

Elevator 

Misc. Equipment 

Total 

Pre-Retrofit Consumption 
(kWh/ftz/yr) 

11.10 

0.04 

2.07 

3.65 

0.695 

4.08 

21.63 

Post-Retrofit Consumption 
( kWh/ftz/yr) 

8.54 

0.04 

2.06 

2.97 

0.695 

4.08 

18.38 

In searching for cost effective conservation measures, one should examine the potential 

impacts of the candidate retrofits on related building loads 

(in this case heating), which is ultimately the source of the 

building’s demand for electricity. Table 5.2 lists the effects 

on heating load of each of the retrofits considered for the 

Margolis building. Notice that the window retrofit has the 

largest impact on the reduction of the heating load, while 

the lighting retrofit actually has a negative impact. 

Reprogramming setbacks will reduce the overall demand 

Reduction in 
scenario Total Heating 

Post-Retrofit (as is) 

Windows 

Lighting 
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for heat from the building's baseboard heaters. By examining the potential impacts on related 

load behavior, the success of individual retrofits may be predicted. 

5.1.3 Energy Cost Savings 

Utility costs for the normalized model were calculated, using hourly simulation results, to 

determine monetary savings associated with the final retrofits. The rates were taken from the 

1993 Margolis building utility bills. Annual normalized pre-retrofit utility costs were $1 90,000, 

while post-retrofit costs were $162,000. Figure 5.3 shows the monthly consumption charges for 

Figure 5.3 Monthly consumption costs, pre- and 
post-retrofit, for normalized model 

the normalized year, pre- and post- 

retrofit. The savings in total energy 

costs for the year are $28,000, which 

represent 14.6% of pre-retrofit utility 

costs. 

As shown previously, over 

60% of all energy savings occurred 

during utility off-peak hours. 

Unfortunately, lower off-peak utility rates reduce the potential for cost savings associated with a 

large reduction in consumption. As a result, ratios of cost savings to kWh savings are higher for 

peak consumption, at 0.0668 $/kWh, compared to 0.0525 $/kWh for off-peak consumption. 

Demand cost savings for the normalized model are presented in Figure 5.4. The annual 

savings in demand costs represent a 16% reduction in pre-retrofit levels and account for 33% of 

total utility cost savings. Demand cost savings, which are enhanced during winter months and 

minimized during the summer, reflect the success of the window retrofit in reducing demand for 

electrical heat. 
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Figure 5.4 Monthly demand costs, pre- and post-retrofit, for normalized model 

5.2 COST/BENEFITS OF THE INDIVIDUAL MEASURES 

Breakdowns of the contribution of each retrofit component to annual energy and demand 

savings are presented in Figures 5.5.a. and 5.6.b. The energy savings attributed to lighting I 

retrofits are smaller than calculated when estimations are based on the reduction in lighting 

capacity, alone. Similarly, demand savings from lighting retrofits are also incredibly small. The 

large contribution of the glazing retrofit to energy and demand savings reaffirms the fact that 

reduction in demand for electric resistance heat should be a priority. 

89% 
Windows 

Figure 5.5.a Contribution of retrofit 
components to energy savings 

Lights 1 % 

Windows 

Figure 5.5.b Contribution of retrofit 
components to demand savings 
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Overall energy savings are reduced with the lighting retrofit when the demand for electric 

baseboard heating is increased. As discussed previously, this building consumes a large amount 

of energy in space heat. Along with the reduction in lighting illumination and power, a reduction 

occurs in the space heat provided by the lighting. This reduction was significant enough to 

require an increase in the demand for electric resistance heat, especially during the colder winter 

months. A study on lighting retrofits found similar results: shell-dominated buildings in colder 

climates experience an increase in heating requirements with certain lighting conservation 

measures, (Higgins 1992). The Margolis building, as a, result of ventilation and infiltration 

problems, definitely exhibits shell-dominant tendencies during the cooler months of the year. 

5.2.1 Monthly Benefit Contributions 

The effects of individual and combined retrofits were examined on a monthly basis, to 

understand interaction effects with the building and with each other. The results of these runs 

are presented in Figures 5.6 and 5.7, for consumption and demand respectively. Note that the 

information given in the figures represents savings relative to normalized pre-retrofit conditions 

and not actual consumption and demand values. 

Figure 5.6 Consumption savings of retrofit models 
relative to pre-retrofit conditions 

Figure 5.7 Peak demand savings of retrofit models 
relative to pre-retrofit conditions 
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Lighting Savings. Savings from lighting retrofits, both in consumption and demand, 

are significant during summer months, when heating demand is nonexistent. Peak lighting 

consumption savings occurs in July, at 5,600 kWh, or 6.3% of July pre-retrofit consumption. 

Similarly, peak demand in July is reduced by 10.5 kW, a 6.5% reduction. The results show that 

during colder months, space heat previously supplied by the lights is made up by an increase in 

the electric resistance supply. 

Window Savings. The consumption and demand savings from the window retrofit were 

large, as conduction and infiltration losses were reduced, resulting in the reduction in demand for 

electric resistance heat. Savings are strongest in January, at 51,000 kWh and 98 kW. These 

savings reflect 16.3% and 16.5% reductions in January consumption and demand, respectively. 

Post-Retrofit Savings. Actual retrofit savings, which include both lighting and window 

measures, are nearly the sum of the individual retrofits. Maximum monthly consumption and 

demand savings for the post-retrofit model occur in January. Including lighting and window 

retrofits, these savings are 52,300 kWh and 99.7 kW, or 16.7% and 16.8% of pre-retrofit 

consumption and demand. 

Billing Cost Savings. A comparison of billing cost savings is given in Figure 5.8. 

These savings are reflective of the consumption and demand savings discussed above. Window 

retrofits provide the majority of the 

savings, peaking in January at 

$4,060, or 16.3% of pre-retrofit 

costs. The highest monthly savings 

for lighting retrofits was $563, a 

6.1% savings over the original 

utility costs. The complete post- 

retrofit model experienced 

maximum cost savings in January, 

4,600 

4,000 - = 3,600 

.f 3,000 
6 

la 
3 2.600 
0 g 2.000 
fi 

1.600 

600 

0 $ S g $ g < s g g z P i  
3- WndDw R.noLI U@tq  R.vobl - Po., Ramkt 

Figure 5.8 Monthly utility cost savings of retrofit 
models over pre-retrofit conditions 
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at $4,150, or 17% of pre-retrofit costs. In a life-cycle cost analysis, the significant cost savings 

accompanying the window retrofits make them more financially attractive. 

5.2.2 Additional Savings by implementing Controls 

Savings have been presented for only two of the three retrofits whid.. were installed in 

the Margolis building. In addition to lighting and window retrofits, an energy management 

system (EMS) was to reduce space heat energy consumption. The EMS was originally 

programmed to drop the nighttime setpoint temperatures by 4OF, during the hours of 11 p.m. to 6 

a.m. When the results of the simulation model were compared to actual hourly data, it was 

determined that this retrofit had not been implemented properly. The actual hourly consumption 

Figure 5.9 Consumption savings of retrofit model 
over pre-retrofit conditions 

Figure 5.1 0 Demand savings of retrofit model over 
pre-retrofit conditions. 

profile does not show signs of reduced 

consumption during the intended hours of 

setback. 

A weather-normalized simulation 

of the setback model was run to determine 

the benefits and/or penalties of the 

originally programmed setbacks for the 

Margolis building. Figures 5.9 and 5.10 

show comparisons of consumption and 

demand savings for both the setback 

model and the actual post-retrofit model. 

The largest savings in consumption occurs 

during the winter months, as demand for 

nighttime heating is reduced with the 

setbacks. Additional savings in energy 

over existing post-retrofit conditions are 
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nearly 32,000 kWh. Peak demand savings would be reduced if setbacks are implemented. This 

is the result of .an increase in the morning demand for space heat, occurring at the end of the 

setback period. The cost benefits associated with this setback scheme are negative, due to the 

electric rate structure, and the nature of the resulting consumption and demand profiles. 

Since this analysis of 1993 post-retrofit data, BECo has calibrated the EMS located in 

the Margolis building. BECo has indicated that the calibrated EMS has saved a significant 

amount’of energy, however available data do not readily support this claim. 

6. DISCUSSION OF RESULTS 

6.1 OVERALL SAVINGS 

Savings in energy consumption and peak demand are presented in Table 6.1 for each 

measure and for the pre- and post-retrofit models. These savings are based on the weather- 

normalized model, as was discussed in the previous section. Energy and demand savings are 

highest for the as-is post-retrofit model, which includes both lighting and window retrofits. By 

implementing the EMS night setback function, an additional savings of 357 MWh could be 

realized, however, with a demand penalty of nearly 40 kW. Unfortunately, the nature of the 

BECo rate structure financially penalizes such sharp peaks in daytime demand. 
-. 

Corresponding cost savings and simple paybacks for these scenarios are shown in Table 

6.2. Utility cost savings are highest for the as-is post-retrofit model, however the simple payback 

period, at 13.2 years, is definitely not the shortest. By implementing the existing EMS night 

setback, utility costs and the simple payback period will experience an increase, over the as-is 

post-retrofit condition. Thus, according to this model, the most cost-effective scenario is the 

window retrofit, which reduces total heating consumption, and lowers the excessive demand 

peaks that are costly under the BECo rate structure. 
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Scenario 

Table 6.1 Summary of annual consumption and demand scenarios 
for the Margolis building 

I I 
Energy Energy Peak 
Used Savings Demand 

(MWh) (MWh) (kW) 

Annual Utility 
Cost Savings 

($) 

28,000 
(14.6%) 

2,550 
(1.2%) 

25,400 
(1 3.4%) 

25,490 
(13.3%) 

Pre-Retrofit 2,174 + Post-Retrofit 1,849 

Simple 
Payback 

(yrs) 

13.2 

9.2 

7.5 

14.7 

Lighting 2,143 

Pre-Retrofit 

Window 1,883 

Post- wl 1,817 

($) ($) 

189,880 

325 
(1 5%) 

Post- wl Setback 

31 
(1.5%) 

372,000 164,390 

291 
(1 3.4%) 

357 
(16.4%) 

594 

494 

593 

496 

534 

Demand 
Savings 

(kW 

100 
(1 6.8%) 

1 
(0.2%) 

98 
(16.5%) 

60 
(10.1%) 

Table 6.2 Summary of measure costs, utility costs and simple payback for the Margolis 
building 

Measure Annual Utility 1 Cost I Cost 

Post-Retrofit* I 372,000 I 161,880 

Lighting 1 23,500 I 187,330 // 11 Window I 192,000 1 164,480 
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6.2 WINDOW REPLACEMENT 

Reports from site visits indicate that original windows had condensation between the 

panes and were very leaky. Original double-pane windows in the Margolis building were 

replaced with double-pane argon-filled windows. Similarly, large, double-pane sliding glass 

doors were retrofitted with double-pane argon-filled glass doors. Some consideration was given 

to replacing the sliding glass doors with French doors. Tenants objected and t b  double-pane 

glass doors were used instead. 

The reduction in building heating loads from the window retrofit were impressive. Annual 

building loads from glass heat conduction were reduced by 590 MBtu, with a peak reduction of 

190 kBtu/hr. The load reduction associated with increased window resistivity reflected 16% of 

the total pre-retrofit building load. Also, a reduction in infiltration corresponding to the tighter 

windows was estimated at 15%. Corresponding annual infiltration loads were decreased by 540 

MBtu, and peak infiltration loads by 190 kBtu/hr. A direct result of the decrease in these heating 

loads is the decrease in energy consumption and peak demand during the heating season. 

Reductions in energy consumption and demand resulting from lower conductivity and 

infiltration loads were considerable for the window replacement. Recall that energy and demand 

savings were 13.4% and 16.5% of pre-retrofit conditions. The window retrofit contributed 89% of 

total energy and 99% of total demand post-retrofit savings. 

6.3 LIGHTING 

The Chelsea building was designed in the early 1970s and consequently the installed 

lighting ,was abundant and inefficient. Pre-retrofit apartment lighting levels were at 0.8 W/ft2, 

with predominantly incandescent fixtures. The lighting retrofit replaced these fixtures with 

reduced wattage fluorescents and compact fluorescents, resulting in an installed capacity of 

0.46 W/ft2. 
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Whole-building lighting capacity was reduced from 102 kW to 70 kW with the lighting 

retrofit. Lighting consumption decreased by 68,000 kWh, or 3% of total annual consumption. 

However, the corresponding reduction in the heat supplied by the lights had to, instead, be 

supplied by the electric resistance heating system. Peak demand on the heating system was 

increased by 19.4 kBtu/hr, or 5.8 kW, while the annual heating load was increased by 125 MBtu, 

or 36,800 kWh. As a direct result of the increased load on the heating system by the lighting 

retrofits, overall consumption and demand savings were reduced. The resulting energy savings 

were 31,000 kWh, with peak demand reduction around 1 kW, for the lighting retrofit. 

6.4 ENERGY MANAGEMENT SYSTEM 

Along with window and lighting retrofits, an energy management system was installed in 

the Margolis building. The EMS was intended to implement nighttime setbacks. After examining 

hourly heating season data, it was evident that setbacks were not used for a time and had been 

disengaged altogether. Apparently the setback function was manually overridden by tenants and 

then deprogrammed from the central control system. As a result, total energy savings 

associated with the energy management system have not been realized. 

With the implementation of the initial setback scheme, additional savings in energy 

could be nearly 33 MWh, which represent a 10% increase in existing energy savings. 

Unfortunately, peak demand should increase by 40 kW with an increase in the demand for 

heating, at the end of the setback period. Because of the nature of the utility rate structure, it 

should be noted that the higher demand levels will increase annual utility costs by around $2,000 

- $3,000 over post-retrofit costs, if the setbacks are implemented. 

Immediately following the operating period examined in this report, the EMS was 

calibrated properly and brought back on-line. BECo representatives believed that the EMS was 

responsible for a significant amount of energy saved during the Margolis retrofit. Unfortunately, 
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Retrofit Measure Energy Measure Energy Cost 
Savings cost Savings 
(MWh) ($) ($1 

Lighting 29.5 23,500 2,800 

Windows 68.2 192,000 6,500 

Energy Management 270 156,500 25,650 

this claim could not be verified with the small amount of related data available at the release of 

this report. 

Simple 
Payback 

(YE) 

8.4 

29.5 

6.1 

6.5 PREDICTED ENERGY AND COST SAVINGS BY MEASURE 

Prior to the installation of the retrofits, retrofit cost, and energy and cost savings were 

estimated on a measure-by-measure basis. Financial support for the retrofits was supplied 

jointly by the utility, an energy service company and the local housing authority. Table 6.3 

presents a breakdown of these estimates, as calculated by BECo (1993b). along with 

corresponding payback periods. 

The estimates shown in Table 6.3 can be compared with the results from the simulation 

model to determine the differences from the feasibility study. When compared with the 

information from Table 6.1, it is evident that the window retrofit provided more energy and cost 

savings than had originally been estimated. Lighting savings were on par with the early 

predictions so apparently designers did give attention to possible heating system interaction. 

Finally, the energy management system, as installed, was supposed to save eight times more 

energy than the simulation model had estimated. However, energy management controls are 
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not used as specified, and thus the energy savings designated to the EMS are actually 

negligible. Additional simulations were performed to try to determine the best operating scheme 

for the EMS. These runs indicate that although the potential for energy savings exists with 

nighttime setbacks, the utility rate structure does not encourage this through any kind of financial 

reward. 

7. CONCLUSIONS 

This report examined the results of the installation of energy saving retrofits in a tall, 

multifamily residential building. Hourly and monthly whole-building consumption data were 

available for the Margolis building study. In addition, an hourly DOE-2.1 D energy simulation 

model was developed to gain greater insight into the behavior of the building. The DOE-2.1D 

model was calibrated through comparison with actual hourly and monthly utility data. Calibrated 

parameters included lighting capacity, appliance and hot water demand, and infiltration. While 

the results of the final model were reasonable, a better understanding of building infiltration 

would be desirable. 

Lighting reductions, window replacement and controllable thermostats were the energy 

conservation measures installed in the Margolis building. The post-retrofit annual energy 

reduction was calculated to be nearly 325 MWh, with a peak demand savings of 100 kW. These 

savings result in annual utility bill cost savings of approximately $28,000. Most of the energy 

and cost savings occur during winter months, as the demand on the electric resistance heating 

system is reduced. 

The majority of the energy and cost savings was attributed to the installation of insulative 

windows throughout the building. Leaky double-pane windows and sliding glass doors were 

replaced with double-pane, argon filled windows and doors. The energy and demand savings, 

accompanying the window replacement, were calculated to be nearly 290 MWh and 98 kW. 

Corresponding energy cost savings were over $25,000. Weatherization of the building, through 
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window replacement, decreased the demand on the electric-resistance heating system, which is 

the largest energy consumer in the building. 

Lighting retrofits produced some savings in energy but little savings in peak demand. 

The replacement of the original incandescent lighting in the apartments with reduced wattage 

fluorescent fixtures produced an estimated annual energy savings of 31,000 kWh and demand 

savings of only 1 kW. The savings were reduced because the space heating supplied by the old 

lights was reduced in retrofit and had to be supplemented by the electric-resistance heating 

system. The interaction of lighting retrofits with building heating and/or cooling systems must be 

considered. In this study, heating energy penalties were significant for the electrically heated 

building, located in the Boston Climate. Such penalties will be less significant for more efficient 

heating systems. 

The Margolis building rehabilitation also included the installation of an energy 

management system. The EMS was programmed to implement a nighttime setback of 4OF, 

during colder months. The study found that the setbacks were not used and thus anticipated 

energy savings were not realized. If the setbacks are used, additional annual energy savings will 

be nearly 32,000 kWh. Notably though, peak demand is expected to increase, by nearly 40 kW, 

due to the increase in space heating demand in the morning hours after set points are returned 

to their original values. The resulting overall cost savings from this EMS strategy are expected 

to be negative. BECo has since calibrated the EMS and believes that significant energy savings 

have occurred as a result. Unfortunately, at the release of this' report, detailed data were not 

available to support this claim. 

The mechanical ventilation system for the Margolis building was inoperable for the 

duration of this study. In November 1994, repairs'were to be finished and the system was 

expected to be back on-line with one additional improvement: gas-heated supply air. 

Information is presently being gathered on the whole-building energy consumption and air- 

movement implications of the operating supply system. Follow-up analysis of this system may 

be published as a supplement to this report. 
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APPENDIX A. DOE-2.1D Pre-Retrofit Input File 



A-2 

Nryr LOADS 

f PraRetnJIit Model s 
TlTLE LINE-1 'MARGOLIS APARTMENT BURD(NG' 

LINE-2 'CHELSEA. MASSACHUSETTS .. 

DUGNOSTK=CAVIIONS _ _  
ABORT=ERRORS _ _  
LOADSREPORT sI(LSC.LSD.LSF) .. 
RuKpwoD JAN 01 l W l  THRU DEC 31 l G 9 l  . 
8 w I N G C O C A T I O N  LATiTUDE=4237 LONGrmOE=71.@3 

TIME-ZONE=5 ALTlTUDE=15 AZ=315 . 
f .sc+lEwLEs f 

LGlW=DscH 

(1.5)(.13) (8.11)(.15..2..25..3..25..29 
(1%14)(.21) (15.21)(.q2s..28..2a..zs.1.2.~ 
(22.24)(.15..13..13) .. 

(1,%.13) (6.11)(.15..22,.2s,.~.~. 24) 
(1214)(.23) (15.21)( 24.27..3..3..27..22,.22) 
(22.24)(.17..lS..V5) .. 

(1.24)(.01) .. 

(1.24) (1.0) .. 
(1.7)F.O) (8.17)@l (18,24)(1.0) .. 
THRU MAR 31 (ALL) LGlW THRU SEP 30 (ALL) LGlS 

THRU DEC 31 (WD) L W  (SAT) LG4 (SUN.HOL) LG4 .. 
THRU DEC 31 (WD) LGS (SAT) LG5 (SUN.HOC) LGS .. 
THRU DEC 31 (WD) LG6 (SAT) LGb (SUN.HOL) LG6 .. 
THRU DEC 31 (WD) LG6 (SAT) LGB (SUN.HOL) LG6 .. 
THRUDEC31 (WD)LG3 (SAT)LW (SUN.HOL)LW .. 
THRU DEC 31 (WD) LG7 (SAT) LG7 (SUN.HOL) LG7 .. 

THRU DEC 31 (ALL) LGlW .. 

(l.q(.as) (7.24)(.2..4..5..35..4,.35,.~.3..3..3..4. 
.45..5..4..35..25,.1..05) .. 

(1.8)( 05) (7.24)(.1..25. 45..55..5..4..15,.45,.4..4. 
.5..45..5..45..3,.3..25..1~ .. 

(1,8)(.05) (7.24)(.1..2..3..4..5..4,.15..4..4..4..5. 
4..5..45..3, 25..15..05) .. 

THRU DEC 31 (WD) EL1 (SAT) Ell (SUN.HOL) EL3 .. 
SHADEscH=scH THRU DEC 31 (ALL)(1.8)(1.0)(9.18))0 

(19.24)(1.0) .. 

f MATERIALS NOT IN WE-2 LIBRARY f 

EARTH=MAT W250 CONBO.50 DENS120 S+I=O.20 _. 



A-3 

RINSMAT TH=O.S coNDrO.CQC3 LENS=O.S sKo.18 .. 

EWASUYERS MAT (BKol.Csos.lN35.GFOl) .. 
EWA4SIAYERS MAT (SWI.Csos.ltUS,GWl) .. 
IwA-24AYERS MAT (cPol.Mll.C8ll.Mll,GW1) .. 
IwA-I=UYERS MAT (CSIl,A!.Il,GW1) .. 
RF-1cUYERS MAT ~ , l ~ ~ l , ~ l , M ~ , R l ~ , G ~ G ~  .. 
RF-UYERS MAT (AsQ1.IN72.Aso1.N.33.RINS.Gpo2) .. 
U=UYERS MAT UVOI.tX13.N.33.GPO2l.. 

FLGl=UYERS 
FLGARZUYERS 

MAT ( ~ ~ l . R I N S . A ~ , A s Q ~ . A S M . t X l 3 , A V M )  .. 
MAT(CC13,EARTH) .. 

EWNL--cONs U=EWAB .. SDCTBRlCKWALL 
SWU--cONs U=EWA-S.. SD(TsI1Kxx)WML 
l2-WAU--cONs U=IwLr2 .. S INT CMU WALL ZS GYP 
Il-WAU--cONs U=WA*l .. S INT CMU WALL 1's GYP 

R#l=cONs U=RF-1 .. $ROOF 
R- U=RF4.. SROOFOMR5lHSTORY 
aG=coHs m = a . .  swmtmwm 

FLRGl=CONS U=FLGl .. S2NDSTORYFLooR 
FLRoARzoNs U=RGAR .. SQARAGEFLOOR 

REG-WTW2-T P2G-C.88S-C.8 .. SREOWNDOWWISHAWJG 
SL-WHGT P2 ocO.92 e . 8  .. S SUE GUSS DOOR 
WGAR=GT PI G T e 1  -10 .. $GARAGE--NR 
ADR--coNs u=o.64 .. SAPARTMENTENTDOOR 
HoR=coNs U=O.50 .. S REVATOR HML DOOR 
s D R = =  u-0,s .. SSTNRWAYWOR 
IMFL=CWS U=1.5 .. S NR-FLOOR IN STAIRWELL 

S SPACE DEscRIFllON S 

APIMT=SPACECONDmONS 



A-4 

lEMPERA7uRE=(lS) ROOR-WM;HT=O 
uGHnNG-lYPE=INcANo u G ~ E w L E = f f i H r s B  
uGHnNGWm=1.5 UGHT-TOSPACE=l.O 
E a J P - s c M W L E = r n 8  €QlJtPMENT-wIsQFT=1.0 
PH)PLESCHEWLE=OCCUW FIEOPLE-HEATGNN.450 
ff-MErHoc=AIR- 
zoM-TypE=coND(TIoNED .I 

GARAGE=SPACECONDmONS 

mF€RATIRE=(SS) FLOOR-wM;HT=70 
uGHIING-lYPE=susFLuO UGHMGSCHEWLE=ffiHTS7 
uGHnNG.wIsQFT=o.4 W-TQspAcE51.0 
ff-MErHoc=NRCHANGE AlRCHANGESMR=lO 
zM-m=uNcoNDmoNDD .. 

BUILDINGRESOURCE V E R T - ~ S ) ( w = 3 0  VERT-TRAHSSCKELEV 
HOT-WATEU484400 lWscHEDw=DHW 
EXW=3.0 ESCH-LIGHTS7 .. 

GARGNYSPACE SC;GARAGE v=33op A=3478 N-WW .. 
E-W CONSEWALL W . 5  WE81 AZ=270 .. 
I-W CONSEWALL W . 5  WE81 N - T Z L W  .. 
W CONSFLRGAR WSS W=Ol llLT=180 .. 

LOBBYSPACE s(=MAL1 V=7M8 A=744 -1.5 
N-Z+4=65 F-W=70 INF€FWSWT=.l3 .. 

E-w WEWALL w.5 W=24 u= im .. 
Wl G-T=SL-WIN S S M S H A D E S C H  H=3 W=16 

W A = 8  oKB=1.5 oKW=24 OWD=11 OKANG=QO 
L-F-A=8 L-F-5-1.5 L-FH=95 L-F-11 
R-F.A=O R-F%=-lS R-F-KO.5 R-F-11 .. 

I-W CONSQ-WALL W . 5  W=24 N-T=ELVl .. 
W CONSFLRGAR W24 W-28 llLT=l&l .. 

GARGEESPACE m G E  +Po22 A13476 N-WW .. 
E-W CONSEWALL W . 5  W=81 AZ- .. 
I-W CGNSEWAU W . 5  W=81 N - T = L W  .. 
W CONSRRGAR W55 W=81 ?LT=lBO .. 

ELVl=SPACE %--MAL1 V-18088 A = l W  -.5 

E-W CONSEWALL W . 5  W.88 AZ=O .. 
DOOR CO%=SOR W.75  W=6 M=2 .. 
I-W CONSEWALL W . 5  W=50 N-T=GARGEE .. 
I-W CONSEWALL M . 5  W=50 N-T=GARGEW .. 
W CONSFLRGAR W88 W=28 llLT=leO .. 

N-Z-H=SS F-W=lW INFCFWSXP.12 .. 

STNRWlS=SPACE S-C=STNR V=10280 A=218 U G ? = O . l  N-Z-H=75 
NCFMISOFT-1.44 .. 

E-W CONSEWALL W7.5 W=l8 AZ=27O .. 
E-W CONSEWALL W7.5  W=12 AZ=O . 
Wl G-T=REG-WN .SSCH=SHADEsu( W4 W=4 M-5 .. 
I-W CONSIMFL A=2l8 I-W-MPE=NR KT=STNRWB3 .. 
w CONSFLRGAR ~ 1 2  w=m nLT=im .. 

E-w c m s a w A c L  ~ 7 . 5  w = i ~  Az=m . 
E-W CONSEWALL H 7 . 5  W=12 AZ=O .. 
WI GT=REGWIN SSCH=Y(ADESCH CU W=4 W5 . 
I-W CONSRIFL A=2l8 I-W-lWE=AIR KT=STNRE63 .. 
W CONSFLRGAR W12 W=l8 MT=leO .. 

ABC2=SPACE S-C=APlMT V-8 Ad752 KOp.0 N-24445 
ffcFwsY=r=.ll FuNcnw=F(oNE..YENrJ .. 

E-w CONSEWALL w.5 w=a Az=27o .. 

E-w CONSEWALL ~ 9 . 5  w = m  u= im .. 

E-w CONS=S-WML WQS W=M u= im .. 

Wl GT=REGWlN SX5Ct+SHADEscH CU W=4 .. 
W G-T=REG-WlN SSCH.SHADESCH CU W=4 M=8 .. 
Wl G-T=REGWlN sscH=SHADESCH W W=6 M=2 .. 

Wl G-T=SL-WINSSCH=SHADESCH H . 7 5  W=8 M=8 
W A = 4  Ot+-E=2.75 OKW=14 OKM OH-ANG-QO 
L-F-A=4 L-F-B=-275 L-F-H=QS L-F-04 
R-F-A=4 R-F-5-2.75 R-F-HSl.5 R-F-04 ._ 

E-W CONSEWALL WQ.5 W=28 AZ- .. 
Wl GT=REG-WIN sscHssHAoEscH HE4 W=4 .. 
I-W CON!S=Q-WNL w . 5  W=158 N-T=CORZ .. 
I-W CGNSI1-WML W . 5  W=24 N-T=STNRWlS .. 
I-W CONSaG A=4752 TILT=O KT=ABc35 .. 
I-W CONSRRGl A4752 TILT=lLIO N-T=GARGEW .. 
I-W CONSQ-WALL w . 5  W=224 I-W-TWE=INTERNM .. 

NE2=SPACE SC-APTMT V=13832 A-1704 Kop.3 KZ+WS 
ffcFwsY=r=.ll .. 

I-W CONSQ-WALL W . 5  W=M UT--.. 
I-W CONSI1-WALL W . 5  W=13 N-T=STMlS.. 
E-W coN.s=awALL w . 5  w=15 AzEgo .. 
E-W CONSEWAU W . 5  W=S AZ=O .. 
Wl G-T=REG-WlN SX5Ct+sHADEscH CU W=4 M=3 .. 



A-5 

E-W CONSSWALL WQ.5 W=42 AZ=O ._ 
WI G-T=SL-WIN-SHADESCH H . 7 5  W=6 M=3 

OH-A=4 OH-B=275 OH-W=14 OKM oKANE-90 
L-F-A=4 L - F e 2 7 5  L-F-H=Q.S L-F-M 
R-F-A=4 R-Fe-275 R-FXO.5 R-F-4 .. 

CW CONSCLG A4704 TILT4 N-TZNES .. 
CW CONSFLRGl A-1704 TILT480 N-T=GARGEE .. 
CW CONSI2-WALL K=.S w=5d CW-TYP€=lNTERNAL .. 

S.C=AmMT V=l3632 A=1704 N.OP=3 N-ZH=85 UK?=SPACE 
INF-CFWSQFT=.lI .. 

E-W CONSEWALL HzQ.5 W=l5 AZ=270 .. 
CW 
CW CONSI1.WAU H-0.5 W=13 N-T=STAIRWlS .. 
CW CONSI2-WALL H=QS W=26 UT=ELVZ .. 
WI G-T=REG-WN sscH=sHADEscH H=4 W=4 M3 .. 

CONSt2-WALL WQ.5 W=M N-TzCORZ .. 
E-w C o N s a w A u  w . 5  w== AZ=O .. 
E-W CONSSWALL KQ.5 W 4 2  AZ=O .. 
WI G-T=SL-WINSSCHrSHAMSCH H . 7 5  W=0 M=3 

OH-A=4 -275 OH-W=14 OH-D=4 oKANE-90 

R-F-A=4 R-F-B=-275 R-F-H=Q.5 R-F-M .. 
CW CONSCLG As1704 TILT4 U T = W  _. 
CW CONSFLRGl A=1704 TLT=180 N-T=GARGEW .. 

L-F-A=4 L - F e 2 7 5  L-Fx0.5 L-F-M 

CW COHSI2-WALL WQ.5 W=5d I-W;MpE=INTERNU .. 
ELW=SPACE S.C=MAU V=6304 A1672 N-O-P=M 

F-W=lW N-Z-H=85 INFCFMISQFT=.B .. 
CW 
E-W CONSEWALL H . 5  W-24 AZ=O .. CONSI2-WALL KQ.5 W=24 UT- .. 
CW CONSCLG A=512 TILT4 N-T=ELy35 _. 
CW CONS@RGI kS12  TILT=l80 vT=ELVl .. 

CoR2.SPACE S E H A L I  V=6240 A=780 K0p;o.S 
lUF-CFMIsaFF=.m .. 

CW CONSIl-WALL M . 5  W=5 N-T=SlAIRWlS .. 
CW CONSCLG A=780 TILT4 UT=COR35 .. 
CW CONSFLRGI A=780 llLT=180 N-T=GARGEE .. 

SCAmMT V=38010 A=4752 Kop='d N-Z-H=85 

Wl G-T=REG-WIN SSCH=sHADEscH H=4 W=4 .. 
WI G-T=REG-WIN sscX=sHMEscH H=4 W=4 M=8 .. 
WI GT=REG-WIN SSCH=sHMEscH H=4 W=6 M=2 .. 
E-W CONSSWALL WQ.5 W=M AZ=lbo .. 
WI 

CW CCNSIl-WALL W . 5  W 5  N-TSTAlRE15 .. 

A E U S S P A C E  
FM=3 INFCFMISQFT=.Il W N C T l C N = ~ . V ~  .. 

E-W CONSEWAU H . 5  W=28 AZ-170 .. 
E-W CONSEWALL HrQ.5 W420 AZ=lO .. 

G-T=SL-WIN SSCKSHADESCH H.75  W=6 W 
W A = 4  -75 OH-W=14 oKD=4 oKANo-#) 
L-F-A=4 L-F&--275 L-FH.0.5 L-F-M 
R-F-A=4 R-F-275 R-FM.5 R-F-M .. 

E-W CONSEWALL BQ.5 W-46 AZSU .. 
WI G-T=REG-WIN SSCH=sHADEscH H=4 W== .. 
CW CONSI2-WAU KQS W=1% N-TfcoR35 .. 
CW CONSI1.WALL WQ.5 W=24 KT=STAIRW15 .. 
CW MNSCLG A4752 TILT4 CW-lWE=AMABATK: .. 
CW CONSI2-wALL M . 5  w=224 CW-TYpE=INTERNU .. 

NUS=SPACE SC-AmMT V=13632 A4704 Kop=3KZ-H=65 
Fa13 lNFCFMISQFT=.ll .. 

CW 
CW 

CONSI2.WALL HzQ.5 W=Q4 N-TaR35 .. 
CONSI1-WALL HrQ.5 W=13 N-T=SlAIRElS .. 

E-w C O N s E a w u  M.S W=IS us#) .. 
E-W CONSEWALL KQ.5 W== AZ=O .. 
Wl G-T=REGWIN SSCH=sHADEscH H=4 W=4 W 3  .. 
WI G-T=SL-WNSSCH=SHADESCH H . 7 5  W=0 M=3 
E-W CONSSWALL H.8.5 W=42 AZ=O .. 

OH-A=4 -275 OH-W-14 oKD;r4 oKANES0 
L-F-A=4 L-Fg-275 L-FXO.5 L-FD.4  
R-F-A4 R-F-B=-275 R-FM.5 R-F-M .. 

CONSECLG k1704 MT=O CW;TYPE:MIABATK: .. 
CONSI2-WAU K-0.5 W=5d CW-TYP€=INTERN4L .. CW 

CW 

NW3SSPACE S A P l M T  V=l3&32 A=1704 Nop=3 N-Z-H== 
FM=3 INFCFMISQFT=.ll .. 

E.W COHSEWALL H.8.S W=l5 A Z m  .. 
CW 
CW CONSl2-WALL BQ.5 W.o( N-TscoR35 _. 
E-W CONSEWALL WQS W=25 AZ=O .. . 
WI G-T=REG-WIN SscHESHADESol H== W=4 M=3 .. 
E-W CONSSWALL KQ.5 W 4 2  AL=o .. 
WI 

CONSll-WALL H+S W=13 N-TSTAIRWIS .. 

G-T=SL-WIN SSCH=sHADEscH H . 7 5  W=6 M=3 
OH-A=4 WB=275 oKW=14 OKM oKANG=w) 
L-F-A=4 L-F-275 L-F-WQ.5 L-F-M 
R-F-A=4 R-F-275 R-FXO.5 R-FD.4 .. 

CW CONSCLG A4704 TILT* CW-TYF€=MIABATK: .. 
I-W CONSl2.WALL H=9S W=5d CW-TYP€=IMERNAL .. 

B.WSSPACE S C W  V=8384 k672 W . 5  F-W=lW 
N-Z#== FM=3INFCFhUSXT=.27 .. 

CW CONSE-WALL W . 5  W=24 N-T=coR35 .. 
E-W COHSEWAU H.8.5 W?4 AZa .. 



A-6 

CW 

COR35=SPAE 

CW 
CW 
I-W 

AEC82=SPACE 

n G  AS12 TILT4 I-W-MPE=AMABATK: .. 
s(=MAL2 V-40 A=7W N-OP==S 

-11-WALL w . 5  W=5 KT=STAJRW15 .. 
CONSI1-WALL H.o.5 W== N-T=STAIR!ZlS .. 
C M S C L G  A=780 TILT4 CW-MPE=ADuBATK: .. 

E I F m = . O Z B  F-M=3 .. 

S C A P l M T  V=34944 A=u88 N O P =  N-ZK18.33 
FM=d lNFcmVsQFT=.ll F U M X C N = O N E * , V  .. 

E-w ccW.s=BWALL WS.5 w.28 AZ=m .. 
E-w CONSEWAU WSS w=m u=im .. 

E.W CONS;SWW w . 5  w =  m=im .. 
WI GT=fEG-WIN SSCH;SHADESCH U=4 W 4  M=B .. 
WI GT=REG-WIN sscH.sHADEsa( U=4 W-d M=2 .. 

WI GT=SL-WRIsscH.SHADESCH H.75 W=d M=8 
OKA=~ o ~ 8 = 2 7 5  o ~ w = i 4  m OH-ANG-90 
L-F-A=4 L-F-275 L-FXB.5 L - F M  
R-F-A=4 R-F8=-275 R-FM.5 R-F-IU .. 

E-W CONSEWALL w . 5  W=28 AZ- .. 
CW cONS=L?-WALL WO.5 W=l56 N-T=CORBZ .. 
CW -G A 4 3 6 8  TILT4 CW-lWE=ADuBATK: .. 
CW CONSt2-wALL w . 5  w=168 CW-MPE=INTERNAL .. 

NEgZzSPACE SC=APlMf V=13832 AS1704 N-3 N-ZK18.33 
INFCFMISOFT=.ll ._ 

CW CONSIZ-WALL W0.5 W=28 N-T=ELVB;! .. 
Cw -IZ-WALL WS.5 W=Bb N-T=COR62 . 
CW CONSI1-WALL WS.5 W=13 KT=SAIR€63 .. 
E-W CSNSB-WALL W . 5  W-15 AZ=Ul .. 
E-W c0NS;EWALL WS.5 W=38 A Z 4  .. 
WI GT=REG-WIN SSCKSHADESCH H.4 W=4 M=3 .. 
E-W CONSSWALL w . 5  w=42 AZ=o .. 
WI GT=SL-WINSSCH-SHMESCH W . 7 5  W=8 M53 

W A = 4  W 2 7 5  oKW=14 oKIz.4 OH-ANG== 
L-F-A=4 L-F-82275 L-FXB.5 LT- IU  
R-F-A=4 R-F-82275 R-FX0.5 R-F-IU .. 

CW CONSCLG A 4 7 0 4  TILT* CW-TYPE=ADuBATK: .. 
I-w cONS=IZ-WALL H.o.5 W-Jd Cw-TYPE=mNAL .. 

s(=LpTMT V=1- A=1704 Kop;3  N-ZK18.33 NWBZESPACE 
FMSINFCFMISOFT=.ll .. 

E-W CONSEWAU w . 5  W=15 AZ=m .. 
CW -11-WALL W . 5  W=13 N-TGTAIRw6j .. 
CW CONSIZ-WALL W . 5  w-dd N-T=COR82 .. 
CW CONSIZ-WALL W . 5  W=28 N-T=ELV62 .. 
E-w CONSEWALL H.o.5 w=s AZ=o .. 
WI GT=RH;WIN SSCKSHADESCH W W=4 M=3 .. 
E-W CONSSWALL W . 5  w = 2  A Z 4  .. 
WI GT=SL-WINSSCH--SHADESCH H . 7 5  w=B M.3 

W A = ~  ~ 2 7 5  o ~ w = i 4  m wwm 
L-F-A=4 L-F-82275 L-FKS.5 L-F- 
R-F-A=4 R-F-82275 RTX0.5 RT-D4 .. 

CW C G N S U G  A4704 TILT* CW-p(pE:ADlABATC .. 
I-w coNS=IZ-wALL WS.5 W=56 I-W-MPE=IKFERNAL .. 

N-ZK18.33 F-h!=8 lNFNFCFMIsMT=.lS .. 
ELV6ZSPACE SC=DuU V M  A=872 N-O-P=O.5 F-W=lW 

CW CSNSIZ-WALL W . 5  W=24 N-T=coR82 .. 
E-W CONSEWALL WS.5 W=24 A Z 4  .. 
CW CONSCLG A=512 TILT=O CW-MPE=ADUBATH: . 

COR62=SPACE S G E H A L 2  V=8240 A=?@ K o P 4 . 5  
INFcFhvsQFT=.oz6 F W  .. 

CW cONS=Il-WALL WO.5 W=5 N-T=STAIRWC3 .. 
CW CONSH-WALL W . 5  W=S N-T=STAIREB .. 
CW CONSCLG A=780 TiLT=O CW-WPE=AMABATK: .. 

S T A I R W W A C E  -AIR V=16416 A=2l6 N-O-P=O.l N-ZH=lO 
MF-CFWSXT=l.O .. 

E-w CWS=B-WNL ten w=ia ~ ~ = 2 m  .. 
E-w CWS=B-WAU e 7 6  w-12 M=im .. 
E-W CONSEWALL W76 W 1 2  A Z 4  .. 
WI GT=REGWIN S4CH=sHMESCH H.4 W=4 M=8 .. 
CW CONSIMFL A=216 CW-TYPE=AIR N-T=STAIRW14 .. 

STAIRE(IJ=SPAC€ -STAIR V=16416 A=216 Kop.o.1 N-ZH=lO 
1NFUWCXFWl.S .. 

E-W CONSEWALL H=76 W-12 AZ=lO .. . 
E-W WNSEWALL W78 W=18 AZ=oO .. 
E-W CONSEWALL W76 W=12 AZ=O .. 
WI GT=REGWlN sscH=sHMESCH W4 W=4 M=8 .. 
CW CONSIMFL A=2l6 CW-lW€=AIR KTGTAIRE14 .. 

sC=APTMT V = W  A=- Nop;7 N-ZHrs ABc11=SPACE 
lNFCFMISaFT=.ll F U N C T O N = ~ , ~  .. 

E-w IZCUSB-WAU w . 5  w=z ~ ~ ~ 2 7 0  .. 
E-W CCNSB-WALL W . 5  W=W AZ=lW .. 
WI GT=REG-WIN SSCKSHADESCH H W== M.6 .. 
Wl GT=REOWIN SSCKSHADESCH H W=8 M=2 .. 

Wl GT=SL-WINS4U+SUNESCH H . 7 5  W-a M=d 
E-w ~ S W A L L  W . 5  w = =  AZ=1m .. 

OKW OKB.Z~S C+I-W=I~ m wmm 



A-7 

L-F.A=I L+8=-275 L-f-li4.5 L-f-04 
R-F-A=4 R-F--275 R-FX-9.5 R-F-04 .. 

E-W CONSEWALL Kg.5 W=28 AZ.00 .. 
I-W CONSIZ-WALL W . 5  W=l% N-T=CORII .. 
I-W CONSCLG TLLT=O I-W-lYF€=ADlABATC .. 
I-W CONSIZ-WALL w . 5  W=166 I-W-lYPE=INTERNM .. 

NEII=SPACE SCsMMT V=12832 A=1704 N-3 N-Z+t== 
INF-CFMWXT=.lI .. 

I-W CONSIZ-WALL W . 5  W=28 N-T=ELVlI .. 
I-W CQNSIZ-WALL w.5 W.66 N-T=CORII .. 
I-W CONSII-WALL K0.5 W=13 N-T=STAIREtB .. 
E-W CONSEWALL W . 5  W=15 M=QO .. 
WI GT=REGWIN SSCH--SHADESCH K 4  W=4 M=3 .. E-W CONSEWALL W . 5  W=36 AZ=O .. 
E-W CONSSWALL w . 5  W 4 2  AZ=O .. 
WI G-T=SL-WlNSSCH--SHMESCH Hz6.75 W=8 M=3 

WA=4 OttB=275 oKW=14 OHQ=4 0KANG-W 
L-F-A=4 L-F-275 L-FHt9.5 L-F-IU 
R-F-A=4 R-F-B=-275 R-FHt9.5 R-F-IU .. 

I-W CONSCLG AS1704 TILTSO I-W-lYF€=AMABATK: .. 
I-w CONSI2-WALL KB.5 W=% I-w-NPE=INTERNN .. 

NWlI=SPACE s(=ApTMT V=4544 A== W 1  U Z + M  
rnFCFMISMI=.11 .. 

E-W CONSEWALL w . 5  W=15 AZz270 .. 
I-W CONSI1-WALL KB.5  W=13 N-T=STAIRW63 .. 
I-W CONSIZ-WALL w.5 W = P  N-T=CORlI _. 
CW CONSIZ-WALL K9.S W=28 N-T=OFCll .. 
WI GT=REGWIN .SSCH=SHADEscH H=4 W=4 .. E-W CONSEWALL KB.5 W=12 AZ=O .. 
E-W CONSSWALL M . 5  W=14 AZ=O .. 
WI GT=SL-WINS-SUi=SHADESCH K6.75 W e  

WA=4 O W 2 7 5  oKW=14 OH94 WANG=go 
L-F-A4 L-F-B-275 L-FH;DS L-F-IU 
R-F-A=4 R-F-275 R-F-WQ.5 R-F-IU .. 

C O N s a G  A== TN.T=O I - W - ? Y P E = ~ l Z  .. I-W 

OFCIl=SPACE SC=#FCE V=9oBB A=l136 -5 N-Z+M 

I-W CONSIZ-WALL KB.5 W = U  N-T=CORII .. 

WI GT=REGWIN SScKSHADEscH H=4 W=4 h4=2 .. 
WI G-T=SL-WINS-SUi=SACESCH W8.75 W=6 M=2 

HF.#WSQFT=.II 

I-W CONSIZ-WALL K9.5 W=28 N-T=ELVlI .. 
E-W CONSEWALL WQ.5 W=24 AZ=O .. 
E-W CONSSWALL w . 5  W=28 AZ=O .. 

W A = 4  M 2 7 5  WW=14 oK[u otcANG-90 

R-F-A=4 R-FS-275 R-FHt9.5 R-F-04 .. L-F-A=4 L-F-275 L-F-li4.5 L-F-04 

I-W CONSCLG A31136 TN.T=O I-W-TfPE=AMABATK: .. 
I-w CONSr2-WALL W . 5  w=28 I-W-lYF€=INTERNAL .. 

ELVlleSPACE SW V=6384 A=WZ m . 5  
N-Z+M F-WzlOO INFCFMISaFT=.Id .. 

I-W CONSI2-WALL K9.S W=24 N-T=CORlI .. 
E-W CONSEWALL W . 5  W=24 AZ=O .. 
I-W CONSCLG A 4 2  mT=O I-W-lWE=AMABATK: .. 

CORll=SPACE SW V=8240 A=780 Hops0.5 
INFCFWSQFT=.026 .. 

I-W 
I-W 
I-W 

CONSI1-WALL K9.5 W=5 N-T=STAIRW63 .. 
CONSI1-WALL KB.5 W=5 N-T=STAIRE63 .. 
CONSCLG k780  TILT* I-W-TYP€=AMABATK: .. 

SW13=SPACE SGAPTMT V=w)88 A=I13S -2 N-Z-K-25 
INF.CFMIS(XT=.II NKllON=(WONP.7mYr) _. 

E-W CONSEWALL KB.5 W=28 AZn27O .. 
E-W CONSEWALL W . 5  W=24 A2480 .. 
E-W CONSSWALL Kg.5 W=28 AZ=180 .. 
WI GT=SL-WINSSCH--SHADESO( k6.75 W=6 M=2 

WI GT=REGWIN SScKSHADESCH H=4 W=4 M=2 

WA=4 -275 oKW=14 0H-M oKANG== 
L-F-A=4 L-FS-275 L-F-tk0.5 L-FD4 
R-FA4 R-F-P-275 R-FKB.5 R-F-IU .. 

I-W CONSIZ-WALL K9.5 W=28 UT=ACTRM13 .. 
CW CONSIZ-WALL HzB.5 W=44 UT=COR13 .. 
ROOF CONSROF1 B 4 4  W=28 TILT* GNDREFLECTANCE=O 
CW CONSI2-WALL w . 5  w=28 I-W-rn=INTERNAL .. 

SE13=SPACE SOAPTMT V = W  A=II36 W 2  N-Z-H=-25 
INFCFWSQFr=.II NNCTtON=('NONF,7mYr) .. 

I-W 
E-W CONSEWALL KB.5 W=24 AZ=180 .. 
E-W CONSSWALL K9.5 W=28 AZ=l80 .. 
WI GT=SL-WINSSCII-SHADESCH k6.75 W=6 M.2 

CONSLZ-WALL KB.5 W=28 N-TzACTRM13 _ _  
WI GT=REGWlN .SSCH=SHADEScH H=4 W=4 M=2 .. 

WA=4 oKB?75 oKW=14 O W 4  WANG== 
L-F-A=4 L+-B=275 L-F-li4.5 L-F-IU 
R-F-A=4 R-F8=-275 R-F-li4.5 R-F-IU .. 

E-W CONS=EWALL W . 5  W=28 AZ=W .. 
I-W CONSIZ-WALL H . 5  W-44 UT=COR13 .. 
ROOF CONSROFI H.44 W.28 TILT=O GNDREFLECTANCE=O 
I-w CONSIZ-WALL H;Os w.28 I-W-rn=IMERNM .. 



A-a 

NElSSPACE SC-WTMT V = l W  A11704 -3 N-ZX-25 
INFCFMISM=.ll .. 

I-W CONSQ-WALL e9.5  W=28 N-TzELV13 .. 
I-W CONSt2-WML H . 5  W88 N-T=COR13 .. 
I-W CONSI1-WALL H . 5  W=13 N-TSrNREB3 .. 
E-W CONSEWALL M9.S W=38 A24 .. 
WI GT=REGWIN sscH=sHADEscH k 4  W=4 M=3 .. 
E-W CONSSWAU H . 5  W=42 A z 4  .. 
WI G T = S L - W I N ~ s H A D E S C H  tM.75 W;d M=2 

E-w CONSB-WAU ~ 9 . 5  w=i5 Az-m .. 

OH-A-4 oK8=275 OH-W=14 O H - 0 4  OKANG=QO 
L-F-A=4 L+-B=-275 L-F-H=9.5 L-F- 
R+-A=4 R-F-B=-275 R-FX9.5 R+-D=4 .. 

WI GT=SL-WINSSCH=SHMESCH H=4 W;d .. 
ROOF CONSROF1 H.dB W=28 TILT4 GNDREFLECTANCE=O .. 
I-w CONSQ-WALL k 9 . 5  w=58 I-W-PIPEZINTERNM .. 

NWlSSPACE S(=m V = W  A-1138 N-op=2 N-2-25 
HFCFMISM=.ll .. 

E-W CONSEWALL W9.5 W=15 A21270 .. 
I-W CONS=Il-WALL W9.5 W=13 N-TSrNRW63 .. 
I-W CONSQ-WALL W9.5 W=U N-T%OR13 .. 
I-W CONSQ-WALL W . 5  W=28 N-T=LNDRY13 .. 
E-W CONSEWALL H . 5  W=24 A24 .. 
WI G-T=REGWIN SsCHsSHADEscH H=4 W=4 M 2  _ _  
E-W CQNSSWAU W . 5  W=28 A24 .. 
WI GT=SL-WIN sscH=sHMESCH W.75 W=8 M=2 

OH-A=4 oK8=275 OH-W-14 OH-B4 OKANG=QO 
L-F-A=4 L-F8=-2.75 L - F W  5 L-F-04 
R-F-A=4 R-F-E=-275 R-FX9.5 R + 0 4  .. 

ROOF CONSROFl W U  W=28 TILT.O GNDREFLECTANCE=O . 
I-W CONSQ-WALL H . 5  W=28 I - W - W = l ~ N A L  .. 

ACTRM13=SPACE S(=ACTIVKY V=lBOu) A = l W  N-Z-li=-25 
mFCFMISOFT=.ll .. 

E-W CONSEWALL H=2 W=28 Az=W .. 
E-W CONSEWALL W 2  W=28 Az=270 .. 
E-W CONSEWAU k11.5 W=W Az=lM .. 
WI GT=REG-WlN SScKsHADEscH M6 W=3 M10 .. 
Wl GT=REGWIN .S-SCX=SHADEscH H=8 W=4 M 2  .. 
I-W CONSQ-WALL k 9 . 5  W=U8 N - T a l 3  .. 
E-W CONSEWAUW2 W=58Az=O .. 
ROOF CONSROF1 H;B8 W=28 TILT4 GNDRDLHJTANCE=O .. 

LNDRY13SPACE SC=LAUND v--4828 A-18 NOP.0.5 N-ZX-25 

I-W CONStZ-WAU W9.5 W=22 N - T a l 3  .. 
I-W CONSQ-WML k 9 . 5  -28 N-T=ELV13 .. 
E-w CONSEWALL W9.5 w=z A z 4  .. 
WI GT=RM-WIN SXH=sHADEScH W4 W=4 .. 
WI GT=REGWlN SSCH=SHMESCH H.4 W-d .. 
ROOF CONSROF1 H=Z2 W=28 TILT4 GNDRDLECTANCE=O .. 

INFCFhUSQFr=.ll .. 

ELV13SPACE SCDwl V=83&( A a 7 2  Nops0.5 
N-Z-H=-25 F-W-100 INFCFMISQFT=.W .. 

I-W CONSIZ-WML W9.5 W=24 N-T=CORlS .. 
E-W CONSEWALL k O . 5  W-24 A z 4  .. 
I-W CONSUG A=S12 TILT4 I-W-TypE=MuBLiFK: . 

CORlJ=SPACE =EHALl V-8240 A=7M NOP.0.5 
INFCFMISQFT=028 .. 

I-W coNSI1-WALL k 9 5  W=5 N-T=SNRW63 .. 
I-W CONSI1-WALL k 9 5  W=5 N-T=STNREB .. 
ROOF CONSROFl k 1 5 6  WE5 TILT4 GNDREFLECTANCE=O .. 

ELvieSpAcE S(=EHALZ v=g384 A=W Nops0.m 
N - Z K - 3  F-W=lW INFGMSQFl=.ll .. 

E-W CONSEWALL H . 5  W=28 AZ=270 .. 
E-W CONSEWALL W9.5 W=24 AZ=laO .. 
DOOR CQNSSDR tM.75 w-3 .. 
E-w ~ E W A U  W9.5 W 2 8  Az* .. 
E-W CONSEWALL W . 5  W=24 A z 4  .. 
ROOF CONSROFl W24 W=28 TILT4 GNDRENCTANCE=O .. 

STNRW14=SPACE S-C=STNR V==2 A1218 N-OP=O.M N-2- 
MF-=.ll .. 

E-W CONSEWALL W9.5 W=12 Az=lBO .. 
DOOR CONS-SDR H . 7 5  w=3 .. 

E-w CONSEWALL n=.s w=i8 A Z = ~  .. 
E-w CONSB-WAU w . 5  w=i8 Az-m .. 
E-W CONSEWAU W . 5  W=12 Az.0 .. 
ROOF CONSROF1 k 1 8  W=24 TILT4 GNDRDLECTANCE=O .. 

STNRE14=SPACE S(=STNR V=2052 A = n 6  NOP.0.Ol U Z M  
MFCFMISM=.ll .. 

E-W CONSEWALL W . 5  W=18 AZ=270 .. 
DOOR CONSSDR Kd.75 w=3 .. 
E-W CONS.EWALL W . 5  W=12 Az=lBO .. 
E-w CONSB-WALL W . 5  W=18 Az--00 .. 
E-w CONSEWALL H . 5  w=12 A24 .. 
ROOF CONSROFl H=l8 W=24 TILT4 GNBRELECTANCE=O .. 

END .. 



A-9 

FlJNCTlON HAME=MNT .. 
ASSIGN 

RCUEFZ=ZIEMP DBTR=DBTR 
VOL=NOL CFMlNFrCFMlNF 
MULT=ZMULT MC=lMO .. 

cMcuLAT€ .. 
IF(%40.G€4.AND.MO.LEll) GOT0 10 
CFh4OLD=CFMINF 
TMF=RONERDBTR 

10 CONnwE 
END 

ENDNNCTION.. 

CQMWTELOADS .. 

VPCIINGSCH THRU DEC 31 (ALL) (1,24) (1) .. S VPCIIUTDN S 
THHT=sM 

THCL--scH 

COOL=SCH 

THRU MAY 31 (ALL) (1.24) (7s) 

THRU DEC 31 (ALL) (1.24) (7s) .. 
THRU APR 30 (ALL) (124) (aa) 

THRU OCT 15 (ALL) (1.24) (72) 
THRU DEC 31 (ALL) (1.24) (78) .. S HEATlNG S 

S COOUNO S 

THRU OCT I S  (ALL) (1.24) (QQ) 
lHRUDEC3l(ALL)(124)m .. SVENlMAXcooLt 

M U  OCT 15 (ALL) (1.24) (7s) 
THRU DEC 31 (ALL) (1.24) (7s) .. 

vNlMP=soI THRU APR 30 (ALL) (1.24) (7s) 

$VENT MIN CooLS 

ELWSCH 
Slni=SCH THRU DEC31 (ALL) (1.24) (55) .. S STAlRWEUS 
COWSCH THRU M C 3 1  (ALL) (1.24) @a) .. S m S  

THRU DEC 31 (ALL) (1,24) (m .. S EHALLnoSeY S 

HCOI=D-sc+l 
HCACT=SCH THRU M C  31 (ALL) -1 .. SACTCOOLlNGS 

(1.7) 0 (8.24) (7s) .. 

OCON=ZC DH-T=75 H-TSCH=HTOFC D.GT=78 GTso(rACOFC 
T-TWE=TWowsmoN .. 

GARGWZONE Z-lYPE=UNCONDTDNED .. 
LOBBYrzONE z-TYPE=coNmED ZCCoNl  ER=-2l325.. 
GARGEESZONE Z - l W € = U N C O N ~  .. 



A-1 0 



A-1 1 

SYSNW13=SYSTEM SMPE-RESYS SC=scTRL SA-SAIR SFWSSFN SEQESEQPT 
HEAT-SELECTRK: BASEBSELECTRK: Z M N A M E S ( N w l 3 )  .. 

SYSAT13=SYSTEM SWP€=PTAC MAXST=lOO MINST=55 HSCKATACT 
csW=HCACT HUTSOURCE=ELECTIW: BAS€E-SELECTRIC 
ZONENAMES(K3RMl3) .. 

SYSLD13=SYSTEM SMPE=RESYS SC=SCTRL SA=SAIR SFANS-S-M SEQ=SEQpF 
HEAT-SELECTRK: BASEESELECTRK: ZM-NAMES=(LNDRY13) . 

END .. 
COMPUTESYSTEMS .. 
INPLJTPLANT .. 
PLANT-REPORT S(PSA.PSB)  .. 
WHR=P.E MPE=ELEGOWf-HEATER stzE=.388 .. 
SRPTSCH=SUi THRU DEC 31 (ALL) (1,24) (1) .. 
SOUT-l=R-B V-TzPLANT V-L=(IO) ,. 
SHR.RPT=H-R RSCH=RPTSCH R-B=(OLIT-l) , 

END .. 
COMPUTEPLANT .. 
STop .. 
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APPENDIX B: DOE-2.lD Post-Retrofa Input File 



8-2 

NWTLOADS .. 

LGlW=DscH 

(1.24) (1.0) .. 
(m(1.0) (8.17)o (18.24)(1.0) .. 
THRU MAR 31 (ALL) LGlW THRU SEP 20 (ALL) LGlS 

THRU DEC 31 (WD) LG3 (SAT) LG4 (Su,HOL) LG4 .. 
THRU DEC 31 0) LG5 (SAT) LG5 (suJ.HOL) LG5 .. 
THRU OEC 31 (WD) LUI (SAT) LG6 (SJ4.W) LG8 .. 
THRU DEC 31 (WD) LG6 (SAT) LG6 (SU4.W) LUI  .. 
THRU DEC 31 (WD) LG3 (SAT) LG3 (sUr.Hol) LG3 .. 
THRU DEC 31 (WD) LG7 (SAT) LG7 (S34.W) LG7 .. 

THRU DH: 31 (ALL) LGlW .. 

.... ~ . .  
.5..~:.5..~,.3..3..~,.15) .. 

(1.6)(.05) ~.24)(.1..2.3..4,.5..4,.45..4,.4..4.5. 
.4..5..15..3..25..15..05) .. 

THRU DEC 31 EL1 (SAlj 02 (SU4Hol) EL3 ._ 
WESCH=SCH MRU -31 (AU)(l.8)(1.0)P.l8)(.25) 

(19.2q(1.0) .. 
S MATERULS NOT IN DOE-2 UBRARY S 

EARWMAT W250 COND=O.sO Et45120 sxolo .. 



5 3  

RINSMAT TH=O0.5 CON50.OX3 E N S 0 . 5  S + W . l O  .. 
scoNmucTK)Ns 

EWA-WAYERS MAT (EKOl.ceoS.lN35.GPOl) .. 
EWASLAYERS MAT(SCOI,ceoS,IN35.Gp01) .. 
WA-ZIUYERS 
WA-l=LAYERS MAT(CBIl.MIl.GW1) .. 
RF-l=UYERS MAT (BR01.IM2ASOl.AS01.M33.RINS.GWZGPOq .. 
RF*LAYERS MAT (AS01.IN72,AS01.M33.RINS.GWZ) .. 
FLGl=UYERS MAT (SC01.RINS,M33.AS01.AS01,CCl3.AWl) .. 
FLGAR-LAYERS MAT(CC13,EARTH) .. 
EWALL=CONS LA=EWA-B.. SMTBRKmWML 
SWALL=CONS LA=EWAs .. S MTSllKXXI WALL 

ll.WALL=CCiNS U=WA-l .. S INT CMU WALL 1’s GYP 

MAT (GW1.ALI 1 .CBll,MIl.GPOl) .. 

CL=LAYERS MAT (AVOl.CCl3.AL33.Gp04 .. 

G?-WALL=CONS LAzWA-2 .. S INT CMU WALL ZS GYP 
. . . . . -- - . ROFPCONS U=RF.I .. s ~ o w  

ROFICONS LA=RF3 .. 5 ROOF OVER SlH STORY 
CLG=CONS u=a __ sitncawwmx - - - - - - - 

FLRGl=CONS LA= iG l  .. S2NDSTORYFLOOR 
FLRGAR=CONS LA=FLGAR .. S GARAGE FLOOR 

REG.WIN=GT B 2 G e . 6  S.C=.B .. SRK3WNDOWWISHAMNG 
SL-WWGT 

ADR=coNs u=o.64 .. SAPARTMENTENTWOR 
HCR=CONS b O . 5 6  .. S ELEVATOR HALL DOOR 
sDR=coNs b O . 5 0 .  S STAIRWAY DOOR 
IMFL=CONS b1.5 .. S AlR-IXOOR IN STAIRWELL 

P=3 m.48 sC;.8 .. S SlDE GLASS DOOR 
WGM=GT P=l GTC=l -10 .. S G A R A G E m - A I R  

S SPACE DEscRIpTK)N S 

APTMT=SPACECONDITK)N 

mPERATURE=(75) FLOOR-wM;HT=o 
ffiHTINGMpE=1HcAND ffi-=LWiM 

PEOPLESCHEWLE=OCCUPl PECUE-HEATWIW 

uOHTlNGWIsQn=o.48 ffiHT-TospAcE=l.O 
EWIPscHEWLE=APPLl EQUIPMENT-WMzl.0 

MF-M-AIRCHANGE 
Z O N E - M P E = ~ E D  .. 

OFRCE=SPACECONC4TlCM 

TEhWERATURE=(75) FLOOR-wM;HT=O 

ffiHTlNG-WIsM=.1.5 UGHT-TOSPACE=l.O 
LIGHTING-TYPE-INCAND . ffiHllNGSUiEDULE=LlGHTS2 

ECUIP-SCHEWLE=~ EQUIPMENT-W/SQFT=3.0 
P€OPLEscHEDuE=OCCUp2 PEOPLEHEATGUW-450 
HF-METH00.AIRCHANGE 
ZONE-MPE=COHOITIONED .. 

STAIR=SPACECONDmONS 

lEMPERATURE=ln) FLOOR-wM;HT=o 
LtGm~TypEesUsnuoR ffim-=ffiHTs3 
uGHllMG-WIsQFT=o.3 UGHT-TOSPACE=l .O 
P€OPLEscHEWLE=occUP3 PEOPLE-HEATGAIW-450 
INF-METH00.AIRCHANGE 
ZONE-MPE=COHOITIONED .. 



B-4 

FLOOR-WElGHT=O 
LIGHnNGSCHEDVLE=LIGHE8 

TEMPERATURE=(75) 
UGHIIttG-lYPE=INCAND 

EQUIPSCHEWLE=MPL6 EQUIPMENT-WISQFT.1 .O 
PEOPLESCHEDULE=OCCUF% PEOPLE-HEATGAIN-450 
INF-M€iHCC=AIRCHANGE 
ZONE-NPE=CONDmONED .. 

LIGHllNG-WIS(M:1.5 Ll6HT-TOSPACE=l.o 

TEMPERATURE=(@) FLOOR-WEtGHT=70 
uGHTING-TYF€=SUSFLUOR LIGHTIFINGSCHEWLE=~ 
LlGHTING-WIsQFT=O.15 LIGHT-TOSPACE=l .O 

BUILMNGRESWRCE VERT-TRANSKW=30 VERT-TRANSSCH=NV 
HOT-WATER4sLooo HWSCHEDULE=W 
EW=3.2 ESA=uGHTS7 .. 

GARGEW=SPACE S-GGARAGE V=33op A-3476 .. 
E-W CONSEWALL W . 5  W-4  AZz270 .. 
I-W CONSEWALL W9.5 W-61 N-T=LOBBY .. 
W CONSFLRGAR W55 W=61 TlLT=180 .. 

LOBSYSPACE S(=MALl  V=7088 A-744 K o F 4 . 5  
N-ZHS5 F-W.70 INFCFMISQFT=.107 . 

E-W CONSEWALL W95 W=24 AZ=180 .. 
WI G-T=SL-WINSSCH=SHAMSCH W8 W=16 

L-F-A=S L-FS-1.5 L-F-W95 L-Fe11 
R-F-A-0 RJ821.5 R-F-H.9.5 R-F-CHl .. 
WA=S WB=I 5 01i-w-24 ot+c=ii w w m  

I-W CONW2-WALL W . 5  W=24 N-T-ELV1 .. 
W CONSFLRGAR W24 W=28 TlLT=180 .. 

GARGEE-SPACE SCIGARAGE V=33Qp A=3478 N-O-IW .. 
I-W CONSEWALL W . 5  W=61 N-T=LOBBY .. 
U-F CONSFLRGAR H-55 W=61 TlLT-180 .. 

E-w CONSEWALL w . 5  w=81 Az=m .. 

ELVl=SPAC€ SC=DLALl V = l W  A = l W  KoP=0.5 

E-W CONSEWALL W . 5  W-88 AZ=O .. 
WOR CONSSDR W6.75 W-6 W 2  .. 
I-W CONSEWALL W . 5  W=50 N-T=GARGEE . 
I-W CONSEWALL W9.5 W=50 N-T=GARGEW . 
W CONSFLRGAR We8 W=28 TlLT=180 . 

N-ZH=85 F-W=lW INFCFMISQFT=.12 .. 

STAIRW15=SPACE S-GSTAIR V=10280 A=2l6 N-O-kO.1 N-Z-H=75 
INFCFMISQFT=l.a .. 

E-W CONSEWALL w 7 . 5  W=18 AZ=270 .. 
E-W coNs=EWALL w 7 . 5  w=12 AZ=o .. 
WI GT=REG-WIN SSW=SHADESCH H=4 W=4 W 5  . 
I-W CONSIMFL A1216 I-W-lYPE=AIR N-TSTAIRWBJ . 
U-F CONSFLRGAR W12 W=18 TILT-180 .. 

STURE15=SPACE SCSTAIR V40280 A=218 NOP-0.1 N-Z-H=75 
INFCRrVSQR:l.Zl .. 

E-W CONSEWALL W475 W=18 AZ=Bo .. 
E-w CONSEWALL 1447.5 w=12 AZ=O .. 
WI G-T=REG-WIN SX+i=WADESCH H=4 W=4 W 5  . 
I-W 
W 

CONSIMFL A=2l6 I-W-lYPE=AIR N-T=STAIRW .. 
CONSFLRGAR W12 W=18 TlLT=180 .. 

ABC2=SPACE .S-C=ApTMT V=38016 A=4752 N.O.f=0 N-ZKB5 
INFCFMIS(XT=.W FUNCTION=(WC+4E*.YENT'I .. 

E-W CONSEWALL W . 5  W=28 AZ-270 .. 
WI GT=REGWIN .SSCWSiAOESCH W4 W=4 .. 
E-W CONSEWALL W S  W=120 AZ=180 .. 
WI GT=REGWIN SSCXSHAMSCH W 4  W=4 M=S .. 
WI GTZREGWIN SSCX=SHADESCH W 4  W=8 W 2  . 
E-w CONSSWALL n=a5 w=m AZ=IW .. 
WI G-T=SL-WIN .SSCWsHADEscH W6.75 W-6 iMB 

OH-A=4 -275 oKW=14 0H-M OKANG=W 
L-F-A=4 L-F-B=-275 L-F-H=9.5 L-F-D.4 
R-F-A=4 R-F-B=-275 R-F-W9.5 R - F e 4  .. 

WI GT=REG-WIN SSCKSHADE-SCH H-4 W=4 .. 
I-W CONSIZ-WALL W . 5  W = l S  N-T=CORZ .. 
I-W CONSI1-WALL W . 5  W=24 N-T=STAIRWlJ .. 
I-W coNs=CLG A4752 THT.0 N - T = A W  .. 
I-W CONSFLRG1 A=4752 TILT=lSO N-T=GARGEW .. 
I-w 

E-w CONSEWALL e9.5 w-28 Az=m .. 

coNst2-wN.L W . 5  w=224 I-W-m=INlERNAL .. 
NE2;SPACE .S-C=ApTMT V=13832 A4704 -3 N-ZX-85 

I N F W = . 0 0  .. 
cw CONSD-WALL ~ 9 . 5  w=94 KT=CORZ.. 
I-W CONSH-WALL W . 5  W=13 N-lSTAIRE15 .. 
E-W coNs=EWALL M . 5  W=15 AZ=W .. 
E-W CONSEWALL M . 5  W=3d AZ=O .. 
Wl GT=REGWIN .SSCWSHADEScH H=4 W=4 W 3  .. 
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E-W CONSSWAU K9.5 W=42 AZ=O .. 
WI GTrSL.WINSSCH=SUADESOl w6.75 W=6 M-3 

W A = 4  O H 8 2 7 5  W W 4 4  oK[u OH-ANGEBO 
L+-A=4 L-F-E-275 L-FX0.5 L - F M  
R-F-A=4 R-F-B-275 R-F+I=Q.5 R - F M  .. 

I-W CONSCLG A=1704 TILT* UT=NE35 .. 
I-W CONSFLRGI A=1704 TILT=l@O N-T=GARGEE .. 
I-w cots=l2.wALL H=:9.5 w=56 I-W-rn=INTERNAL .. 

NWZ-SPACE SGAPlMT V=13S32 A=1704 N-OP=3 U Z W  
HFcFh4saFr=.w .. 

E-W COHSEWALL H . 5  W=15 AZ=270 .. 
I-W CONSII-WALL W . 5  W=13 UT=STAIRWIS .. 
I-W UUS=t?-WALL W . 5  W=C8 UT=CORZ .. 
I-W CONSt2-WALL H . 5  W=28 UT=ELVZ .. 
E-w CONSEWALL W . 5  W38 AZ=O .. 
WI G-T=REG-WIN S-SCH=SUADESOl H=4 W=4 M=3 .. 
E-W CONSSWALL W . 5  W 2  AZ=O .. 
WI G - T r S L - W I N ~ S H M E S C H  M . 7 5  W=6 M=3 

W A = 4  -275 WW=14 Cti-D=4 oKAttG== 
L-F-A=4 L-F-275 L-FX9.5 L - F M  
R-F-A=4 R-F*--275 R-Fx9.5 R - F M  .. 

I-W C€)NS=UG A=1704 MT=O UT=NW35 .. 
I-W CONSFLRGI A = l m l  TILT=l@O UT=GARGEW .. 
I-w CONSn.wALL H . 5  w =  I-W-rn=INlERNAL .. 

ELV2;SPACE S(=W V=6384 A=672 Kop=o.5 
F - W I W  UZ-fi=855FCRNSQFT=.Z9 .. 

I-W CONSt2-WALL W . 5  W=24 UT=- .. 
E-W COHSEWALL W . 5  W=24 AZ=O .. 
I-W CONSCLG A=512 TILT=O N-T=ELV35 .. 
I-W CONSFLRGI A=512 TILT380 N-T=ELVl .. 

COR2=SPACE -1 V=6240 A=780 -0.5 
NFcFwsaFr=.o26 .. 

I-W CC#S=Il-WALL H . 5  W=5 UT=STAlRW15 .. 
I-W CULSCLG A=70 71LT=O UT%oR35 .. 
I-W m G 1  A=7W TILT=lQ N-TSARGEE .. 
I-W CONS=ti-WALL H . 5  W=5 U T S A R E I 5  .. 

ABc35=SPACE SC=APTMT V=3w)l6 A=4752 N-O?=Q UZ-H=eS 

E-w CONSSEWALL W . 5  w=ifI AZ=270 .. 
WI G-T=REG-WIN S-SCH=SHADESCH W W=4 .. 
E-W COHSEWALL W . 5  W = l X  AZ=180 .. 
WI G-T=REG-WIN SSCWSHADESCH H=4 W=4 hW3 .. 
WI GT=RfG-WIN SSCWSHADESCH -4 W=6 M=2 .. 
E-w COHSSWALL H . 5  w* AZ=IW .. 
Wl G-T=SL-WINSSCH=SHADESCH Ha.75 W=6 M=6 

FM=3 INF4XWSUFP.W FUNCTION=(WONF,VENP) .. 

W A = ~  01+~=275 WW=U ~ t i - ~ = 4  w m - m  
L-F-A=4 L-F-E-275 L-F-kQ.5 L - F M  
R-F-A=4 R-F-E-275 R-FX0.5 R - F M  .. 

E-w CONSEWALL w . 5  w=m .. 
WI G-T=REG-WIN S.SX=S-lAESOl W W=4 ._ 
I-W COHSl2-WALL M . 5  W=1% N-T=COR35 .. 
I-W CONSII-WALL K9.5  W 2 4  N-TSAlRW15 ._ 
I-W CONSCLO A 4 7 5 2  TILT* I-W-lWE=AMABAllC .. 
I-w cms=IZ-wALL W . 5  w=224 I-W-lW!E=INlERNAL .. 

NWSPACE s(+APTMT V=13832 A-1704 -3UZX65 
FM=3 INFCFMISQFT=.W .. 

I-W CONSIZ-WALL e9 .5  W=M N-T=COR35 .. 

E-W CUiS=EWALL H . 5  W=36 AZ=O .. 
WI G-T=REG-WIN S S C K ~ S C H  H=4 W=4 M=3 .. 
E.W OXS=SWALL M . 5  W=U AZ=O .. 

I-W CONSII-WALL H . 5  W=l3 UT=STAlREIS .. 
E-w CONSEWALL m . 5  w=15 u=m .. 

WI G-T=S-WINSSCWSHADESCH Ha.75 W=6 M=3 
W A = 4  oHs2.75 WW=14 oK[u OH-ANG== 
L-F-A=4 L-F-E-275 L-FX0.S L - F W  

I-W CCNSCLG A4704 TILT* I-W-lWE=AMABATK) .. 
I-w COHSO-WALL w9.5 w=50 I-W-rn=INTERNAL .. 

SC=APTMT V=1- A=1704 -3 UZH=05 

R-F-A=4 R-F-E-2.75 R-FX0.5 R - F a  ._ 

NW3SSPACE 
F-M-3 HFCnlVSQFT=.W .. 

E-W CCUS=EWALL W . 5  W=15 AZ=270 .. 
CW 
I-W 
E-W COHSEWALL W . 5  W=36 AZ=O .. 

CONSII-WALL H . 5  W=l3 N-T=STAlRW15 .. 
coHsl2-WALL W . 5  WS4 N-TzCOR35 .. 

WI G-T=REGWIN S-SCH=sHMESCH W W=4 M-3 .. 
E-W CONSSWALL W . 5  W 4 2  AZ=O .. 
WI G-T=S-WINSSU+SHAESOI Ha.75 W=6 M=3 

W A = 4  O H 8 2 7 5  W W 1 4  OKlU OH-ANG== 
L-F-A=4 L-F-B-275 L-Fm.5  L - F M  
R-F-A=4 R-F-B-275 R-Fx9.5 R - F M  .. 

I-W CULSCLG A4704 TILT* I-W-lW!E=AMABATK: .. 
I-w COHSl2-wALL H . 5  w=56 I-w-lw€=IMERNAc .. 

ELV3SSPACE SMHAU V=83&( k 6 7 2  W . 5  F-W=IW 
U Z X 6 5  F-M=3INFcFMIsQFT=.27 .. 

I-W COUS=t?-WALL H . 5  W=24 UT-- .. 
E-W CONSEWALL H . 5  W=24 AZ=O .. 
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CW CONS=CLG A=512 TLT.0 CW-NPE=NMBATC .. 

COR35ESPACE s(=EHAK V=6240 A=7W K o p - 0 5  
INFCRNSQFT:.GS F K 3  ._ 

CW CCWS=Il-WALL WQ5 w.5 UT=STARNlS _ _  
CW CGNSIl-WALL HSQ.5 w.5 UT=STAR€lS .. 
CW CCWS=CLG A=760 TLT.0 CW-p(pE=LouBATK: .. 

ABC82-SPACE S-C=WTMT V=34w4 K0P-d UZK18.33 
F-h4=6 INFCFhVS3T= W F U C X N = ( W O N P , ~  .. 

E-W CONS=EWALL H1Q.5 WE28 AZ=270 .. 
E-W CONSEWALL W S  M U = l @  . 
WI GT=REG-WIN S S C H S M S s c H  H W=4 M=6 .. 
WI G-T=REG-WIN -scH FA w-d M=2 .. 
E.W CGNSSWALL w . 5  w = =  u= im . 
WI GT=SL.WIN SSCKSHACESCH i+o n w=8 M=B 

OH-A-4 OKs1275 oKW=14 O+C4 oKANG=90 
L-F-A=4 L-F-5-275 L-FXQ.5 L S C 4  
R-F-A=4 R-Fe275  R-F+I=OS R-f- .. 

E-W CCWS=EWALL W . 5  W28 AZ- . 
CW CONSIZ-WALL W 5  WE156 UT- . 
CW CONSCLG A=- TLT.0 CW-NPE---*MABATK: .. 
CW CoNStZ-wNL WO.5 w1ea cw-m=€=NlERNAL . 

NE62.SPACE s(=APTMT V-13832 k l 7 0 4  K o p . 3  YZX1833  
F-M=6 INFCFMISET..W .. 

CW CONStZ-WALL H=QS W=ZU N-T=ELW .. 
Cw CONSQ-WALL W 5  W=&3 UT- 
I-W CONS=Il-WML k Q . 5  W13 UT==- .. 
E-W CONS.EWALL B O 5  W15 AZ4U . 
E-W CONSBWALL WO5 W-38 AZ=O 
WI GT=REGWIN SSCKsuDEscH W W=4 M-3 .. 
E-W CONS=SWNL WQ.5 W =  AZa - 
WI GT-&-WIN SSCH=sHAoESCH H=4 75 W=6 M=3 

O K k 4  oH8=275 oKW=14 C t I - 0 4  OKANG-90 
L-F-A=4 L-F-B=-275 L-FxO.5 L-F- 
R-F-AE* R-F+27!i R-FH.o.5 R-F- .. 

CW CGNSUG A=1704 TLT.0 CW-lW€=ADABATC .. 
CW CONSQ-WNL W . 5  w;sb CW-'IyFF=EcIwNAL .. 

NWB2;SPACE S - G A F W T  V=13832 h=lm NOP13UZK18.33 
F - M = 6 l N F ~ = . W  .. 

E-W CONSEWALL W . 5  W-15 AZ=m . 
CW CCUSI1-WALL W . 5  w 1 3  UT=sTIRwb3 .. 
CW CGNSIZ-WNL W . 5  W=&3 UTSCSS? .. 
CW CONS=IZ-WNL k 9 . 5  W=28 KT=ELW . 
E-W CONSEWALL W . 5  W30 AZ=O . 
WI GT=REGWIN SSC#SWEscH W W=4 M=3 .. 
E-W CONSSWALL W 5  W-U A Z 4  - 
WI G T = S L - W I N B S C H  -75 w-d M 3  

W A = 4  oH8=27S oKW14 W-04 OKANG=90 
L-F-A=4 L-F-6=-275 L-FH.o.5 L-F- 
R-F-A=4 R-FS.275 R-FH.o.5 R-F- .. 

CW 
CW CONSIZ-WALL m 5  w-fb CW-TS€=NlERNAL 

S - G M A U  V-634 A- H o p . 0 5  F-W=lOO 
UZX18.33 FkWNFUWSCZT=.lQ .. 

CONSCLG A=1704 TLT.0 C W - T W € = m T C  .. 

ELV62;SPACE 

I-W CCUStZ-WNL W . 5  W=24 UT=CXPSZ .. 
E-W CONSEWALL W . 5  w524 AZ=O . 
CW CONSCLG A-512 TLT.0 CW-MpE=*OA&ATlC . 

COR62.SPACE SC=EHAU V=6240 k 7 W  N-O-F=45 
INFCFhEXXr=.W F-K6 .. 

CW CON.S=ll-WNL H . 5  w.5 UT=STMWfC3 .. 
CW CONSI1-WALL W 5  yy.5 UT=STM?EB .. 
I-W CONSCLG A=780 TLT.0 CW-NPE=MtABATC .. 

STAIRWB3=SPACE SCSTAlR V=lS(lO &-?lo -1 N-ZH=lO 
INFGFWSQFT=1.6l .. 

E-W CONSEWALL k 7 6  W18 AZ=m . 
E-W -5WAU k 7 8  HI.12 AZ=lBO . 
E-W CONSEWALL k 7 0  w 1 2  A Z 4  . 
WI GT=REGWIN B s c H  W W=.4 W .. 
CW C O N S I M F L  A=216 I-W-TYPE=AIR UT=STAUW14 . 

$TAIREB3=SPACE S-C=STAIR V=18416 A = = O  N-O.P=Ol KZ-K.10 
INFCFhEXXr=l.Ul .. 

E-w CONS=EWALL W ~ B  w 1 2  u= im . 

rn GT=REG-WIN ssw=wc~scn m w== ~ = d  .. 

E-W CONSEWALL W70 W 1 8  AZSO - 
E-W C0Ns;EWNL k 7 0  W-12 AZ=O 

CW CONSIMFL A - 3 0  CW-TYK=AIR KT=STAS€14 .. 
ABCll=SPACE S-C=AmMT V = U  A=43$8 -7 Kz+M 

INFCFWSQFr=.W -.- .. 
E-W CONSEWALL W . 5  AZ=m .. 

WI GT=REGWIN SscHSHADEsM I 4 4  W= hW3 .. 
Wl GT=REG-WIN SSCHSHADESW H w-d M 2  .. 
Wl GT=SL-WINSSX=SUDESOI -75 w=d hW3 

E-w CONSEWALL m . 5  w=ss u = i m  .. 

E-w CONSSWALL m . 5  w = =  N=im .. 
M A 4  oH-8=275 oKW=14 C H - 5 4  DKAHG-00 
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L-F-A4 L-F-87-275 L I K 0 . 5  L-F-M 
R-F-A.4 R+S-275 R-FK0.5 R-F-0.4 .. 

E-W CONSEWALL tW.5 W a  A Z a  .. 
CW CONSO-WALL M.5 W-154 N-T=cORll .. 
CW CONSO-WALL W . 5  w=1m CW.TyPE=NIERNAL .. 
cw wsac) AM ~ T I O  CW-TYPE=ADUBATK: .. 

NEll=SPACE S-C=ApIMT V=13632 k1701 -3 N-ZHrs 
NFCF)IVSM=.W .. 

CW CONSO-WALL M.5 W28 N-T=ELVll .. 
CW CONSO-WALL W . 5  W=M N-T--CoRll .. 
CW CONSH-WALL W . 5  W=13 UT=STAIREb3 .. 

WI GT=REGWIN-SHMESCH W W W 3  ._ 
E-w CWSEWALL w.5 w=i5  a-m .. 
E-W CONSEWALL W . 5  W 3 6  A Z 4  .. 
E-W CONS;SWAU tW.5 W 4 2  A Z 4  .. 
WI G-T=SL-WWSSQISHADESCH kb.75 W=a W 3  

W A 4  -75 WW-14 Ol+D4 WANG== 
L-F+ L-FB-275 L-FH.0.5 L-F-M 
R-F-A=4 R-FB-275 R-FK0.5 R-F-M .. 

CW CONSUG A=1704 TLT4  I.W-NPE=ALUABATK: .. 
CW CONSO-WALL M.5  w* CW-TyPE=wTERNAL .. 

Wll=SPACE e A P T M T  V=4544 A=568 W - 1  N-2- 
lNFCF)IVSM=.w .. 

E-W CONSEWALL M . 5  W 4 5  AZ=270 .. 
CW 
CW CONSQ-WALL M . 5  W = Z  N-T=cORll .. 
CW CONSQ-WAU M . 5  W=28 N-T=OFGll .. 
E-W CONSEWALL M.5 W=12 A24 .. 
WI GT=REG-WIN -sHADEscH H=4 W=4 .. 
E-W CONSSWALL tW.5 W=14 A24 .. 
WI GTSI-WINSSMSHADESOl k6.75 W=b 

CONSII-WALL M . 5  W=13 N-T=STNRW@3 .. 

M A 4  OWE275 OKW=14 Ol+D4 OH-ANG== 
L-F-A4 L-FS-275 L-FM.5  L-F-M 
R-F-A4 R-F-5-275 R - F M . 5  R-F-M .. 

CONSCLO k568 lLTr0 CW-TYPE=ADUBATK: .. CW 

OFCll=SPACE =OFFICE V=ooLIL) A=1136 -5 N-2M 
INFCF)IVSM=.OO .. 

CW CONSQ-WALL H . 5  W=44 N-T=CoRll .. 
CW CONSO-WALL W . 5  W28 N-T=ELVll .. 
E-W CONSEWALL tW.5 W=24 A24 .. 
WI GT=REGWIN SSCHSSHADESCH H=4 W== W 2  .. 
E-w c o N s S W A L L M . 5  w=28AZ=o .. 
WI G T = S L - W M B s c H  k6.75 W=6 M=2 

W A = 4  -75 U+W=14 OH5=4 0H-ANG-Q) 
L - F - H  L-FB-275 L-FKo.5 L-F-0.4 
R-F-A4 R-FS-275 R-FHZs.5 R-F- .. 

CW CONSCLG Az1138 TILT4 CW-lYPE=ALUABATK: .. 
I-w CONSO.WALL H . 5  w-* CW-TYPE=MERNAL .. 

N - Z M  F-W-100 INFCFMISQFT=.lU .. ELVll=SPACE S-C=MAu V=63&( A=672 W . 5  

CW CONSQ-WALL M . 5  W=24 N-T=CORll .. 
E-W CONSEWALL M . 5  W 2 4  A Z 4  .. 
CW CONSCLG k512  TILT4 CW-lWE=MuBATK: .. 

CORll=SPACE s-(=Duu V 4 4 0  A=780 Nop=o.5 
INFCFMISM=.O29 .. 

CW 
I-W 

CONSIl-WALL M.5  W=5 N-T=STAIW .. 
CONSI1-WALL M . 5  W=5 N-TSTAIRE63 .. 

CW CONSCLG k780  TILT4 CW-TYPE=ADUBATK: .. 
SW13=SPACE -APTMT V=UXi3 A4136 -2 N-2+t=-25 

INFCFMISM=.OO --pJON!?,VENT) .. 
E-W CONSEWALL W . 5  W=28 AZx270 _. 
E-W CONSEWALL tW.5 W ~ 2 4  A2480 .. 
E-W CONSSWALL tW.5 W=28 A2480 .. 
WI G-T=SL.WINSSMSHADESCH H-4.75 W* M-2 

WI G-T=REGW W W== W 2  .. 

M A 4  OH-B=275 oKW=14 oK(u Ot+.ANo#) 
L-F-A=4 L-FS-275 L-FHZs.5 L-F-M 
R-F-A.4 R-F-275 R-F-+i=9.5 R - F M  .. 

I-W 
I-W 

CQNSQ-WALL M.5  W=ZB KT4CTRM13 .. 
CONSQ-WALL M . 5  W = U  N-T=COR13 .. 

ROOF CG+ISROFl H=44 W=28 TILT4 GNDREFLECTANCE=O .. 
, I-w CONSQ-WALL M.5  w=28 CW-MPE=NlERNAL .. 

SE13=SPACE s(=ApIMT V=goBo h i 1 3 6  Nop-2  N-Z-Hz25 
HFCFMISM=.W FUNCTiON=pJONP,VENT) .. 

CW 
E-W CONSEWALL H . 5  W=24 AZz180 - 
E-W CONSSWALL M . 5  W=28 AZ=180 .. 
WI G - T = S L - W I N B m  H4.75 W=d W 2  

CUNSQ-WALL M . 5  W28 N-TzACTRM13 .. 
WI GT=REG-WIN sso(.sHADESCH It== W=4 M=2 .. 

WA=4 OWE275 oKW=14 G t K H  OKANGSU 
L-F-A4 L-FS-275 L-FKo.5 L-f-0.4 
R-F-A=4 R-FS-275 R-FH.0.5 R - F M  .. 

E-W CONSEWALL M . 5  W=28 AZ=90 ._ 
CW CONSO-WALL M.5 W44 UT=cOR13 .. 
ROOF CONSROFl H=44 W=28 T L T 4  GNDREFLECTANCE=O .. 
CW CONSO-WALL w . 5  w=28 CW.lYPE=NTERNM .. 
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NElSSPACE S A m M T  W13832 A = l m  -3 N-Z-H=-% 
NFCFMISME.OB .. 

CW CONSl2-WALL W . 5  W=28 N-TxELV13 .. 
CW CONSIZ-WALL W . 5  yy=dd N - T a l 3  .. 
CW CONSI1-WALL M . 5  W-13 N-T=STARE63 .. 
E-W CONSEWALL W . 5  W=15 AZSO .. 
E-W CONSEWALL M . 5  W=36 424 .. 
WI GT=REGWW sscH=sHADESCH H=4 W=4 h4=3 .. 
E-W CONSSWALL w . 5  W 4 2  A Z 4  .. 
WI G-T=SL-WSSCH=SHASESCH K8.75 W=4 W 2  

O K A 4  OH-8=275 OKW-14 OKM oKANG=QO 
L-F-A=4 L-F-8=275 L-FH=o.5 L-F-IU 
R-F-A=4 R-F-275 R-FXOS R-F-4 .. 

WI G T = S L - W ~ 4 C H  H=4 W== .. 
ROOF CONSRoF1 M W=28 TILT4 GHDREFLECTANCE-0 .. 
I-w CONsl2-wNL w . 5  w Cw-m=INTERNN .. 

!SC=APTMT VSO88 A4136 -2 N-ZH.-25 NW13=SPACE 
INFCFMISM=.W .. 

E-W CONSEWALL W . 5  W 1 5  Us270 .. 
CW CONSI1-WALL W 5  W 1 3  KT=STAIRW63 .. 
CW CONSl2-WALL M . 5  W=44 N-T-13 . 
I-W CONSl2-WALL W 5  W=28 N-T=LNDRY13 .. 
E-W CONSEWALL W . 5  W 2 4  A Z 4  .. 
WI GT=REGWH SSCKSHADESCH H=4 W=4 M=2 .. 
E-W CONSSWML w . 5  w=28 AZ* .. 
WI G-T=SL-WINSSU+SHASESCH K8.75 W=6 M=2 

O K A 4  Ol+B=275 OKW=14 OKM OKANG-80 
L-F-A=4 L - F S 2 7 5  L-F-H=9.5 L-F- 
R-F-A=4 R-F-275 R-Fm.5 R-F-IU .. 

ROOF CONSROF1 H=U W28 TILT* GWEFLECTANCE4 . 
CW CONsl2-wALL w . 5  w=28 Cw-m=INTERNN .. 

ACTRM135SPACE !SC=ACTNITY V=lsou)  A4904 W 4  N-ZX-25 
INFCFMISM=.W .. 

E-w CONSEWALL ~2 w=m Az=m .. 
E-w CONSEWALL ~2 w=m A Z = ~  .. 
E-w CONSEWALL w i i . 5  w=ea u=im .. 
WI GT=REGW B S C H  l-U3 W=3 h4=10 .. 
WI GT=REGWPI sscH=sHADESCH l-U3 W 4  W 2  .. 
CW 
E-W CONSEWALL k 2  W=88 A Z 4  .. 
ROOF CONSROF1 F M a  W=28 TILT4 GNDREFLECTANCE=O .. 

coNSl2-WALL W . 5  W=88 N-T-13 _ _  

LNDRYlSSPACE sO=LAUND V-4828 A=6ld Nop=o.5 UZ*-25 
INFCFMISM=.W .. 

CW CONSl2-WALL W . 5  W=22 N-T-13 .. 
CW CONStZ-WALL M . 5  W=28 N-T=ELV13 .. 
E-W CONSEWALL W . 5  W22 A Z 4  .. 
WI GT=REGW SSC+i=SHAEScH H=4 W== .. 
WI GT=REGWN sscX=SHADESCH H=4 W=B .. 
ROOF CONSRoFl W Z  W28 TILT4 GNDREFLECTM=O .. 

ELV13SPACE .S-C=DIMl v=6384 A a 7 2  N-O-PO.5 
N-Z-H=-25 F-W=lW l?4FZFWSCFT=.08 .. 

CW CONSl2-WNL M . 5  W=24 N-T=COR13 . 
E-W CONSEWALL W . 5  W=24 A Z 4  .. 
CW CONSCLG A=512 TILT* CW-TYPE=AMABATH) .. 

COR13=SPACE S(tMN1 V=6240 A=lW m . 5  
INFCFMISQFT:.028 .. 

CW CONSIl-WALL w . 5  W-5 N-T=STAIRWa .. 
CW CONSH-WALL W . 5  W=S N-T=STAIRE63 .. 
ROOF CONSRoFl k 1 5 6  w3 TILT4 GNDREFLECTANCE=O .. 

ELVl4=SPACE .S-C=EHAK V = M  A a 7 2  K09.O.M 
N-Z+!=35 F-W-100 HF-CFWSWr=.ll .. 

E-W CONS=EWALL W . 5  W=28 AZ=270 ._ 
DOOR coNsSW? w . 7 5  w=3 .. 
E-W CONS=EWALLHSW=28AZSO . 
E-W CONSEWALL w . 5  W 2 4  AZ=O .. 
ROOF CQNSROF1 k 2 4  W=28 TILT4 GNDRENCTANCE=O .. 

E-w CONSEWALL w . 5  w=24 u= im . 

STAIRW14=SPACE S(=STAIR V=2052 A=2l8 N-O-WO.01 N-ZHr35 
INFCFMISM=.OB _ _  

E-W CONSEWALL w . 5  W=18 AZ=zIO .. 
E-W CONSEWALL W . 5  W=12 AZ=180 .. 
E-W CONSEWALL W . 5  W-18 AZSO .. 
DOOR CONSSDR w . 7 5  W= .. 
E-W CONSEWALL W . 5  W=12 A Z 4  . 
ROOF CONS=ROFl k 1 8  W=24 TILT4 GNDREFLECTANCE=O . 

STAIRE14=SPACE S S T A I R  Vz2052 A=2l6 N e 0 1  N-ZH=35 
INFCFMISQFT=.m _ _  

E-W CONSEWALL H = O S  w=18 No270 .. 
DOOR CONSSDR w . 7 5  w=3 . 

E-W CONSEWALL W . 5  W=18 AZSO . 
E-W CONSEWALL W . 5  W=12 A Z 4  .. 
ROOF CONSRff l  W l 8  W=24 TILT* GNO-REFLECTANCE4 .. 

E-w CONSEWML W.S w=12 Az=im .. 

END . 



El 1 

SYS-UWIl=SYSTEM SNPE=RfSYS S + S C l R L  S A S N R  SFANSSFN SEQ=S€QPT 
HEAT-SELECTRIC -ELECTRIC ZONE-NAMES(MH11) .. 

SYSOFll=SYSlEM SNPE=PTAC MAXST=lW MIN-S-T=55 Hscr(.HIOFC 
C-SCH=ACOK: HEATSOURCE=ELEClRC BASEBS -ELECTRIC 
ZONEWES(oFc11) .. 

SYSCI3=sIsTDrl STYPE=RESYS s(=scTRL SA=.S-AIR SFANSSFN SEQ=SEQPT 

SYSE13=SYSTEM STYPE=RESYS S-GSCTRL S A W R  SFANSSM SEQ=sEQPT 
HEAT-SRECTRK: EASEBSELECTRK: 
ZONEWES(sE13.RVl4,~N~l4,sTAIRE14)  .. 

HEAT-SELECTRK: MEESELECTRK: ZONE-NAMES(CORl3) .. 

SYSNE13=SYSTEM STYPE=RESYS SC=SCTRL SA=SNR SFANSSFN SEQ=SEQPT 
HEAT-SELECTRK: MEESELEClRC ZONENAMES(NEl3) ._ 

SYm13=sfSTEM STyPE=REsIS m S-A=sAR SFMJS-SM S.EQ=S€QPT 
HEAT-SELKTIRK: BASEBSELECTRK: ZONE-NAMES(NW13) .. 

SYSAT13=SYSTEM SNPE=PTAC MAXST=lW MINST=55 KS(XATACT 
CXZH=HCACT HEATSOURC€=ELECTRK: BASEBSELECTRK: 
ZONEWES(ACTRMl3) .. 

SYSLD13=SYSTEM SNPE=RESYS S O S C T R L  SA--SAIR SFANSSFN SEQS-EQPT 
HEAT-SELECTRK: 8AsEBsELECTRIC ZONENAMES(LNDRY13) _. 

END .. 
COMPUTESYSTEMS .. 
INPUTPIANT .. 
PIANT-REWRT S(PSApss).. 

WHR=PE MpE=REGOkhV-HEAlER SZE=.388 .. 
SRPTSCH=SCH THRU DEC31 (ML) (1.24) (1) .. 
SOUT-l=R-B V-T=PUNT V-L=(lO) .. 

END .. 
COMPUTE PlANr .. 
STOP .. 

SHR-RPPH-R RSCH=RPTSCH R-B=(W-l) .. 
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APPENDIX C: Margolis Building COMIS Results 

0 
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Margolis Building Air Flows 

All cfm on a per Apartment basis 

Average Apartment Volume = 61 60 ft'3 

Windward delta T(k): 0 
delta T (F): 0 OAT (F): 75 
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Margolis Building Air Flows 

All cfm on a per Apartment basis 

Average Apartment Volume=6160 ft-3 
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All cfm on a per Apartment basis 

Average Apartment Volume = 6 1 60 f t -3  

Windward 

Margolis Building Air Flows 

delta TR): 40 
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APPENDIX D: Margolis Building BECo Utility Costs 



CNU)€A 
MAfIooul 
8Jho Paw 

(data) 
12/13/90. 1/16/91 
1/16/91.2/12/81 
2/12/91 . 3/13/91 
3/13/91 . 4/11/91 
4/11/81 . 5/13/91 
5/13/91 . 6/13/91 
6/13/91. 7/15/91 
7/15/81 .w15/91 
e/l5/8l .  BIlb191 
9/10/81 . lO/l5/81 
10/15/91 . 11/13/91 
11/13/81. 12/12/91 
12/12/91. 1/14/92 

2/12/92. 3/13/92 
3/13/92. 4/13/92 
4/13/92. 5/13/92 

0/11/91 * 7/14/92 
7/14/92. 6/13/92 

1/14/82. 2/12/92 

wi3/92. 6/11/92 

o/i3/oz. 9/14/92 
9/14/92. io/i4/e2 
10114192. 11/13/92 
11/13/91. 12/15/92 
12/15/92. 1/14/93 
1/14/83. 2/11/93 
2/11/93. 3/15/93 
3/15/93. 4/13/93 
4/13193. 5/13/93 
5/13/83. 6/1/93 
WlI03. 6/14/93 
8/14/83. 7/15/93 
7/15/93. 6/16/93 
9110193. 9/14/93 

PF 
Quo. 

(0 
0 
0 
0 
0 
0 
0 
0 

1 0 0  
Bd 
0 
0 
0 
0 

0 0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
50 
12 

o 

- 
No. 
ewp 
o m  
35 
28 
30 
30 
33 
32 
33 
32 
33 
30 
30 
30 
34 
30 
31 
32 
31 
30 
34 
31 
33 
31 
31 
33 
31 
28 
33 
30 
31 
18 
14 
32 
33 
30 

- 

- 

T0I.l 
Wg. 
w/o PF) 

(0) 
23.328.97 
17 .m.11  
10.120.58 
12,221.31 
11.859.70 
7.loe.80 
7,323.47 
7.514.73 
7.733.48 
10.605.19 
12,199.63 
15,114.27 
21.351.92 

20.831.80 1e.m.95 
14,934.38 
13.319.24 
8,242.08 
0,219.10 
7.324.38 
0.497.75 

14,43835 
18.330.6a 
17.447.21 
19.451.07 
20.40a.48 
10.117.57 
9,465.03 
4.525.59 
3.930.39 
8.915.05 
8.771.10 
8.799.53 

i i .7m.m 

ZEGz 
P U k  

93.222 
103.011 
78.000 
65,343 
42.213 
38.988 
3 8 , W  
30.Se7 
44,114 
07,483 
82.285 
120,334 
123,252 
105,187 
94,375 
74.077 
40,4tu 
39.803 
30.191 
38,720 
52,111 
73,015 
80,948 
88,828 
8B,553 
93,817 
78,853 
47,404 
21,078 
10,m1 
25,430 
25,838 
23,013 

Ful 
C h g .  

J$/kwh) 
0.04007 
0.03524 
0.02657 
0.02657 
0.03253 
0.03753 
0.02911 
0.03590 

0.03590 
0.03790 
0.03789 
0.03789 
0.03314 
0.03314 
0.02477 
0.03793 
0.03793 
0.03795 
0.03341 
0.03341 
0.03341 
0.03dTB 
0.03628 
0.03248 
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0.03137 
0.03137 
0.03049 
0.03049 
0.02038 
0.03049 

o.osm 

0.03091 0.03091 

* 141.3tu 

PF 

( W R V A ]  
0 
0 
0 
0 
0 
0 

0.8037 
0.8717 
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0.9769 
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0.9€31 
0.9917 
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O.BJd9 
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0 . m 9  
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0 . w o  
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0 
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0.6373 0 . m  

Ju)v.ool 
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P d  
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0.02904 
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o.o1o(y 
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0.04077 
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- 
-at 
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0 
0 
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0 
0 
0 
0 
0 
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0 
0 
0 
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0 
0 

101.1 
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2m.1 
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($*l 

0.00618 
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0 
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0 
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0 
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0 
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O.OOW8 
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0 . ~ 8  
0.00548 
0.00548 
O.oOy8 
0.oOyB 

Q u e a  
1 1 . 0  

0 t l . P d  
I W n 4  
0.00805 
0.00805 
0.00805 
0.00805 
0 . m  
o.Oo805 

o.Oo805 
o.Oo805 
0 . m  
o.ooB(w 
o.Oo805 
o.ooeo5 
o.ooB(w 
0 . m  

0.011205 
0.01547 
0.01547 
0.01547 
0.01547 
0.01547 
0.01547 
0.01547 
0,02434 

- 
Brs 

C b g .  

((I 
20.07 
20.07 
20.67 
20.07 
20.07 
20.07 
20.08 
20.09 
20.08 
20.69 
2o.m 
20.68 
20.09 
20.09 
20.09 
20.09 
2o.08 
20.69 
20.87 
20.07 
20.07 
20.07 

185.25 
185.25 
185.25 
185.25 
185.25 
185.25 
104.2 
30.77 
185.20 
185.20 

81.89 

NMH) 
9.329997 
8.33 

9.319993 
9.330012 
9.330008 
9.32999 

9.33001 
9.33ooo( 
9.329998 
9.329697 
9.329695 
9.329998 
8.318985 
9.33 

1 0 . 2 4 W  
11.45 
11.45 
11.45 
11.45 
11.45 
11.45 

0.440022 
8.75 

ctrm 
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18.870012 
18.870012 

18.87 

0.8700OO 
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18.8099eS 
10.070014 
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20 
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03,420 
88,944 
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0 
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151.82 
103.90 
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349.24 
185.11 
143.10 
313.41 
324.55 
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0 
0 
0 
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0 
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0 
0 
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0 
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0 
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0 
0 

0.00281 
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