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EXECUTIVE SUMMARY
S.1 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 phblic 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 ft? foot building contains 150 apartment units,
a Iébby, 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




power levels were reduced from 0.8 WIft2 to 0.46 WI/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-°F .
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 4°F, 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-2.1D resuits 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



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.1 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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Major components of electrical energy consumption are shown in Table S.1, 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 Pre-Retrofit Consumption Post-Retrofit Consumption
(KWh/ft2/yr) (KWh/ft2/yr)

Space Heating 11.10 8.54
Space Cooling 0.04 0.04
Domestic Hot Water 2.07 2.06
Lights 3.65 2.97
Elevator 0.695 0.695
Misc. Equipment 4.08 4.08
Total 21.63 18.38

note: total area = 101,000 ft2

Table S.1 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 the most
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

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

Scenario Energy Energy Demand | Demand Utility Utility Cost
(Mwh) Savings (kW) Savings Cost Savings
(MwWh) (kW) ® ®
Pre-Retrofit 2,174 594 189,882
Post-Retrofit 1,849 325 494 100 161,883 27,999
(15%) (16.8%) (14.6%)
Lighting 2,143 31 593 1 187,328 2,554
(1.5%) (0.2%) (1.2%)
Windows 1,883 291 496 98 164,475 25,407
(13.4%) (16.5%) (13.4%)
Post- 1,817 357 534 60 164,394 25,488
w/ Setbacks (16.4%) - (10.1%) (13.3%)

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-2.1D 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.
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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 (PHA), 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 DOE Boston Region Support Office
E. C. Freeman, Jr. DOE/HQ

Bernie Manheimer HUD/HQ

Carl Byers HUD Boston Office of Public Housing
Robert McLaughlin HUD Boston Office of Public Housing
Thomas P. Malone HUD Regional Environmental Officer

Robert Ovagimian HUD Regional Office




Richard Kiuck HUD Boston Office of Public Housing

Terry Civic Massachusetts Division of Energy Resources
Robert Nason Executive Director, Chelsea Housing Authority
Barry McDonough Boston Edison Company
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The overall objectives of this DOE-HUD Initiative on Energy Efficiency are to:

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

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

. Reduce Federal outlays for utility expenditures, and
. 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 exampies 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



criteria were that the building(s) 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 DOE/BSO; (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-occupiéd 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/ft%) 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:

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

Miscellaneous repairs and modifications.

S o

The CHA submitted a Fiscal Year 1891 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




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

and/or CIAP funds.

1.2 PARTICIPANT MOTIVATION AND CONTRIBUTIONS

U.S. Department of Energy (DOE) The DOE Headquarters (HQ) offices of Building
Technologies, Ultility 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 Support 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



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

responsible for awarding and overseeing the modernization construction contracts.




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



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 | 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 phéses 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:

. What is the actual change in energy consumption and electric demand, normalized to

?tEa(?l\cj;;g weather conditions, due to installation of the energy conservation measures

What was the installed cost of each ECM?
What was the estimated overall cost effectiveness of ECMs installed?

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




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

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,
thiteen sfory, 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

Figure 2.1 Margolis apartment building, located in
Chelsea, Massachusetts 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. [nstallation 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 fi>. 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 ftz) and 8 two bedroom units (883
ftz), 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-ft2-°F. The roof was built-up roofing with air space and the equivalent of R-25 insulation
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Figure 2.3 Typical fioor 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 5:00 p.m. and rarely vary on weekends and holidays. Apartment
equipment, including a refrigerator, television, and range, provides an estimated equipment load

of 1.0 W/ft2.

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 ié 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’
apariments. 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, as

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 in?
and 39 in?, 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 often 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 resuits

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
ft2, on the exterior wall. Both slider windows and doors are double-pane glass and have
conductivities of 0.88 and 0.92 Btu/hr-ft2-°F, respectively. Stairwell windows are also double-

pane sliders with an area of 16 ft2 and estimated conductivity of 0.88 Btu/hr-ft2-°F. 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 stairwells. 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-ft2-°F. 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 Iigh}ing 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. Corridor and stairwell 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 thep 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 inciuded 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, (NOAA 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-2.1D Building Energy Analysis Program (LBL 1981, 1989). DOE-2.1D is an hourly
energy simulation model which has been widely accepted for performing building simulations.
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-2.1D
is not capable of properly detérmining 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-2.1D.

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 (1986) and PG&E (1987) 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 buiit using the conformed output
method exhibited 15% and 6% average monthly divergences in consumption, for small retail and
large office bu.ildings 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

Lighting
Apartments 0.8 W/ft2
Corridors 1.0 Wi/ft2
Garage 0.40 Wiit2
Exterior 3.9 kW
Appliances
Apartments: 1.0 W/ft2
Infiltration
Apartments 0.8 ACH, (0.11 cfm/ft?)
Corridors 0.2 ACH, (0.026 cfm/ft?)
Stairwells 0.7 - 1.82 ACH, (0.11 - 1.99 cfm/ft2)
Elevator Shafts 0.7 - 1.89 ACH, (0.11 - 0.29 cfm/ft?)
Windows/Glass Doors
Regular Windows Double-pane, glass conductance = 0.88 Btu/hr-ft2-°F
Sliding Glass Doors Double-pane, glass conductance = 0.92 Btu/hr-ft2-°F

Significant Heating Equipment
Apartments: 889,954 Btu/hr Electric Resistance Baseboards

Stairwells: 153,636 Btu/hr Electric Resistance Baseboards
Elevator Areas: 50,974 Btu/hr Electric Resistance

Heating Equipment Control
Temperature set points: Oct. 16 - May 31: 78°F, no setbacks
June 1 - Oct. 15: 72°F, 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 v(:ere 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

Lighting
Apartments 0.46 W/ft2
Corridors 1.0 Wiit2
Garage 0.15 Wiit2
Exterior 3.2kw
Appliances
Apartments: 1.0 Wiit2
Infiltration
Apartments - 0.68 ACH, (0.09 cfm/ft?)
Corridors 0.17 ACH, (0.022 cfm/ft?)
Stairwells 0.59 - 1.55 ACH, (0.09 - 1.22 cfm/ft2)
Elevator Shafts 0.59 - 1.6 ACH, (0.09 - 0.25 cfm/ft?)
Windows/Glass Doors
Regular Windows Double-pane argon-filled, glass conductance = 0.6 Btu/hr-ft2-°F
Sliding Glass Doors Double-pane argon-filled, glass conductance = 0.49 Btu/hr-ft2-°F

Sianificant Heating Equipment
Apartments: 889,954 Btu/hr Electric Resistance Baseboards

Stairwells: 153,636 Btu/hr Electric Resistance Baseboards
Elevator Areas: 50,974 Btu/hr Electric Resistance -

Heating Equipment Control
Temperature set points: Oct. 16 - May 31: 78°F, no setbacks

June 1 - Oct. 15: 72°F, no setbacks
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DOE-2.1D model. Since the building lacked a significant amount of cooling equipment, hourly
summer consumption components consisted mainly of lights and appliances. Careful calibration
of 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-2.1D 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-2.1D
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 resuit of the slight decrease in

power factor accompanying the new fluorescent ballasts.
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Figure 4.2 Post-Retrofit comparison of DOE-2.1D 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 78°F. At the same
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time, the lack of proper ventilation prevented southeastern tenants from receiving adequate
amounts of outside air, resuiting in over-heated apartments. Some southeastern tenants
responded by opening windows. A user-defined function routine in DOE-2.1D 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-2.1D whole-building simulation. COMIS infiltration
rates, at various wind speeds and temperature differentials, are listed in Appendix B 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-2.1D
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 0°F, 36°F, 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 COMIS 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.

40 January 15-21, 1992
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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 con;jitions. The simulation model incorporating constant air-changes lacked
wind speed sensitivity and, uitimately, 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%.
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Figure 4.4 Comparison of Air-Change Method hourly consumption models with actual data
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Figure 4.5 Comparisons of monthly consumption and peak demand for 1992 pre-retrofit
conditions

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 de,mand, and corresponding costs,
(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 4.7.a Pre-retrofit utility costs
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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

1992
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Figure 4.8 Pre-retrofit houfly comparison of simulation

model and actual data, January 22-31, 1992

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
of the

calibration 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

an 28 that the deviation during afternoon peaks
{m . was due to tenant behavior and was too
Zw ,.‘”7\ £
é ol il Ml A /\/\ /\J\ A/‘N difficult to interpret exactly.
A Vi 2 TR I
§= A post-retrofit model
2" incorporating thermostat setbacks was

0

executed and compared to the actual

22-Jan
23-Jan
24-Jan
25-Jan
28-Jan
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30-Jan
31-Jan

hourly data. The hourly profile for the

Figure 4.9 Post-retrofit hourly comparison of L .
simulation model and actual data, January 22-31, model showed significant decreases in

1993
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.
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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

5.1.1 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%.




200.000

175,000

150,000

125,000

100,000

Monthty On-Peak Consumption (kWh)
N th ~
-
[=] o [=]
8 8 8

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—=— Pte-Retroft —o~ Posk-Relroft

Normalized Model

32

)

Figure 5.1a Normalized monthly on-peak

energy consumption

Model

200,000

175,000

150,000

VA

L1

125,000

100,000 N
75,000 \1\
50,000 == —

25,000

Monthly Off-Peak Consumption (kWh)

0
Jan Fed Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—»—Pre-Retroft —o— Post-Retrofl
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energy consumption

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
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Figure 5.2 Normalized monthly peak demand

5.1.2 Component Energy Used

Aug Sep Oct Nov Dec

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.

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/ft2. The large contribution of
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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/ft2 for space heating, (EIA 1993). While space heating
consumption was reduced with the retrofit, at 8.5 kWh/ft2, apparently there is still room for

improvement.

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

Component Pre-Retrofit Consumption Post-Retrofit Consumption
(KWh/ft2/yr) (KWh/ft2/yr)

Space Heating 11.10 8.54
Space Cooling 0.04 0.04
Domestic Hot Water 2.07 2.06
Lights 3.65 2.97
Elevator 0.695 0.695
Misc. Equipment 4.08 4.08
Total 21.63 18.38

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

impacts of the candidate retrofits on related building loads

: ; i inh i : Reduction in
(in this case heating), which is ultimately the source of the S—. Total Heating
ey . . Load (MBtu)
building’s demand for electricity. Table 5.2 lists the effects
. Post-Retrofit (as is) 883
on heating load of each of the retrofits considered for the
. ot ae . . Windows 1000
Margolis building. Notice that the window retrofit has the
Lighti -
largest impact on the reduction of the heating load, while G 124
the lighting retrofit actually has a negative impact. Post w/ Sethack 994

Table 5.2. Reduction in annual
Reprogramming setbacks will reduce the overall demand heating load, by retrofit scenario

—— - oo —_— e e e
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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 resuits, 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 $190,000,

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

& 0000 Nomalized Model the normalized year, pre- and post-
- 18000
3 1600 5 retrofit. The savings in total energy
§ 1o ]\\r/‘\\
§ :ﬁg N | costs for the year are $28,000, which
= o LS o
8 600 NN : represent 14.6% of pre-retrofit utility
> 400
R costs.
2 0
§ 2 8 8 % 5 3 % 2 % 3 B .
S kL 2 < 3z 5 7 2 e @9 z o As shown previously, over
—8— Pre-Retofit —0—— PostRetofit
60% of all energy savings occurred
Figure 5.3 Monthly consumption costs, pre- and
post-retrofit, for normalized model 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 resuit, 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.



35

Nommalized Model
8000
€ 700 \
"B 600N /8\ A
%5;!70”\\'\"\ //IN\
PRS-
33'@ b
2 2000
§ 1.000
2 o
a = = > € 3 o o B > 1]
g8 222333838 28

—a— ProRetoft —0— PostRevoft k

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
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.

Lights 11% Lights 1%

s

99%
89% Windows
Windows
Figure 5.5.a Contribution of retrofit Figure 5.5.b Contribution of retrofit

components to energy savings 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.
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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

Normalized Model

4,500 savings, peaking in January at
4,000
§ 3,600 = 7 $4,060, or 16.3% of pre-retrofit
‘§ 3,000 /
£ 200 \ — costs. The highest monthly savings
£ 2,000 \
3 4500 R\ / for lighting retrofits was $563, a
gt.ooo ’\ / R .
500 , 6.1% savings over the original
- : —
£ % : 3 : 5 3 $ § ‘§ : 3 utility costs. The complete post-

= window Rattobt O Lighung Retrobt M Post Rexroht

retrofit model experienced
Figure 5.8 Monthly utility cost savings of retrofit

mOdels over pre"retrOﬁt Conditions maximum cost savings in January'
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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 which 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 4°F, 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
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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 Io_cated 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 penélizes such sharp peaks in daytime demand.

Corresponding costvsavings and simpie 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 imp;lementing 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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Table 6.1 Summary of annual consumption and demand scenarios
for the Margolis building

Scenario Energy Energy Peak Demand
Used Savings | Demand Savings
(MWh) (Mwh) (kW) (kW)
Pre-Retrofit 2,174 594
Post-Retrofit 1,849 325 494 100
(15%) (16.8%)
Lighting 2,143 31 593 1
(1.5%) (0.2%)
Window 1,883 291 496 98
(13.4%) (16.5%)
Post- w/ 1,817 357 534 60
Setback (16.4%) (10.1%)

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

building
Scenario Measure Annual Utility Annual Utility Simple
Cost Cost Cost Savings Payback
(8) (%) (%) (yrs)
Pre-Retrofit 189,880
Post-Retrofit* 372,000 161,880 28,000 13.2
(14.6%)
Lighting 23,500 187,330 2,550 9.2
(1.2%)
Window 192,000 164,480 25,400 7.5
(13.4%)
Post- w/ Setback 372,000 164,390 25,490 14.7
(13.3%)

*Includes cost of installed EMCS, at $156,500
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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-filied glass doors. Some consideration was given
to replacing the sliding glass doors with French doors. Tenants objected and tike 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 180 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, resuiting in an installed capacity of

0.46W/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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this claim could not be verified with the small amount of related data available at the release of

this report.

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.

Table 6.3 Costs, and energy and cost Savings, by measure

Retrofit Measure Energy Measure Energy Cost Simple
Savings Cost Savings Payback
(MWh) % $ (yrs)
Lighting 29.5 23,500 2,800 8.4
Windows 68.2 192,000 6,500 29.5
Energy Management 270 156,500 25,650 6.1

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 mode! 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-2.1D 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 4°F,
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
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NPUT LOADS .
$ Pro-Retrofit Model §

TME LINE-1 "MARGOLIS APARTMENT BURDING®
LINE-2 *CHELSEA, MASSACHUSETTS® ..

DXAGNOSTIC=CAUTIONS ..
ABORT=ERRORS ..

LOADS-REPORT S=(LS-CLSDLSF) ..

RUN-PERIOD JAN 01 1991 THRU DEC 31 1991 .
BURDING-LOCATION LATITUDE=42.37 LONGMUDE=71.03
TIME-ZONE=5 ALTITUDE=15 AZ=315 .

$ SCHEDULES §

OC1=D-SCH (1.7(89) (89)( 8) (10,16)(.65)

)(8..8..85,.85,.85) (22.24)(.95) ..
OC2=D-SCH (1.8)(95) (910)(3) (11,18)(.7) (18,24)(95) ..
OC3=D-SCH Q. 7)(95)(510)((99;)3)(11 A6)(7) (17.19)(8)

(20,24

OCA4=D-SCH (1.7)(0) (8.12)(:85) (13)(.85) (14.17)(.85) (18,24)(.01) ..
OCS=D-SCH (1.24)(01)

OCB8=D-SCH (.7)(01) (8.20)(.1) (21.24)(01) ..

OC7=D-SCH (1.7(01) (8,18)(.75) (19.24)(01) ..

OC8=D-SCH (1.7)(0) (8,17)(.85) (18,22)(.45) (23.249)(1) ..

OCCUP1= THRU DEC 31 (WD) OC1 (SAT) OC2 (SUN,HOL) OC3 ..
OCCUP2=SCH THRU DEC 31 (WD) OC4 (SAT) OC5 (SUN,HOL) OCS ..
OCCUP3=SCH THRU DEC 31 (WD) OC8 (SAT) OC8 (SUN,HOL) OCS ..
OCCUP4=SCH  THRU DEC 31 (WD) OC7 (SAT) OC7 (SUN,HOL) OC7 ..
OCCUPS=SCH THRU DEC 31 (WD) OC7 (SAT) OC7 (SUN,HOL) OCT ..
OCCUPS=SCH THRU DEC 31 (WD) OC8 (SAT) OC8 (SUN,HOL) OC8 ..

LG1S=D-SCH (1.5)(:13) (6,11)(.15,.2..25,3,.25,.2)
(12,14)(.21) (15,21)(.22,.25,.28,.28,.25,.2,.2)
(22,24)(.15,.13,.13) ..

LG1W=0D-SCH (1,5K.13) (8,11)(.15..22,.26,.32,.27, 24)
(12,14)(.23) (15,21)( 24, 27..3.3,27,. 22, 22)
(22,24)(.17,.15,.15) ..

LG2=D-SCH (1.6)(05) (7.8)(.15,.25,.25) (10.17)( 35) (18,22)(6)
(23.24)(5,.25) ..

LG3=D-SCH . 7)‘() ?1) A7 35) (18.21)(.25) (22.24)(01) ..

LG5=D-SCH N0 0) B17)0) (18.24)(1.0) ..

LG8=0-SCH (1.26 (1.0

LG7=D-SCH (1.701.0) B.17(0) (16,24)(1.0) ..

UGHTS1=SCH  THRU MAR 31 (ALL) LGIW THRU SEP 30 (ALL) LG1S
THRU DEC 31 (ALL) LGIW ..

UGHTS2=SCH  THRU DEC 31 (WD) LGS (SAT) LG4 (SUNHOL) LG4 ..

UGHTS3=SCH  THRU DEC 31 (WD) LG5 (SAT) LG5 (SUN.HOL) LGS ..

UGHTS4=SCH  THRUDEC 31 (WD) LGS (SAT) LGS (SUNHOL) LGS ..

UGHTSS=SCH  THRUDEC 31 (WD) LG8 (SAT)LGS (SUNHOL) LGS ..

UGHTS8=SCH  THRU DEC 31 (WD) LG3 (SAT)LG3 (SUN,HOL) LG3 ..

UGHTS7=SCH  THRU DEC 31 (WD) LG7 (SAT)LG7 (SUNHOL)LGT7 ..

AP1=D-SCH (1.73(.1) (8.18)(.25) (19,24)(.1) ..
AP2=D-SCH (1.7)(39) (8.9)( 55.-55) (10,16)( 51)
(17.18)( 82, 58) (19,24)( 51. 51,.51,.47,.45,.4) ..
AP3=0-SCH (1.7)(0) (8,12)(.85) (13)( 85) (14,17)( 95) (18,24)(.01)
AP4=0D-SCH (1.24(01) ..
APS5=D-SCH (1.7)(01) (8.38)(.4) (19.24)(02) ..
AP8=D-SCH {1.8)(0%) (0.17)(.75) (18.24)(02) ..
=D-SCH (1.7(-2) (8.20)(.5) (21.24)(.2) -
APPLI=SCH THRU DEC 31 (ALL) AP2 ..
APPL2=SCH THRU DEC 31 (WD) AP3 (SAT) AP4 {SUN,HOL) AP4 ..
APPL5=SCH THRU DEC 31 (WD) APS (SAT) APS (SUNHOL) APS ..
APPLE=SCH THRU DEC 31 (ALL) AP7 .
DH1=D-SCH (1,24)(.09,.05, 02,.02,.09,.28,.38,.47,.47,.52,.52,.47,.45,
.30,.38,.38,.42, 47,.47,47,.38,.28,.09,.09) ..
DH2=D-SCH (1.24)(14,.07,.03,.03,.14,.42,.58,.70,.70,.77,.77,.70
187..58,.56,.56,62,.70,.70,.70,.56,.42, 14,.14) ..
DHW=: THRU MAR 31 (ALL) DH2
THRU OCT 31 (ALL) DH1
THRU DEC 31 (ALL) DH2 .

EL1=D-SCH (4.6)(05) (7.24)(2..4,.5,.35,.4,.35,35,3.3,3,4,
45,5,4,35,25,.1,05) ..
EL2=0-SCH (16)(05)(724)(125455554454544
5.45,5,45,3,3,25,15) ..
EL3=0-SCH (13)(05)(724)(123454454445
45,3, 25,15,
ELEV=SCH THRU oec 31 "(WD) EL1 (SAT) E12 (SUNHOU) EL3 .

SHADE-SCH=SCH  THRU DEC 31 (ALL)(1.8){1.0)(9. 18)(25)
24)(1.0) ..

$ MATERIALS NOT IN DOE-2 LIBRARY $
EARTH=MAT TH=250 COND=0.50 DENS=120 S-H=0.20 ..



RINSSMAT TH=0.5 COND=0.0263 DENS=0.5 S-H=0.19 ..
$ CONSTRUCTION $
EWA-B=LAYERS MAT (BK01,CB08,IN35,GPO1) ..
EWA-S=LAYERS MAT (SC01,CB06,IN35,GP01) ..
IWA-2=LAYERS MAT (GP01,AL11,CB11,AL11,GPOY) ..
IWA-1=LAYERS MAT (C811,AL11,GPO1) .. 0
RF-1=LAYERS MAT (BR01,IN72,AS01,AS01,AL33,RINS,GP02,GP02) ..
RF-3=LAYERS MAT (AS01,IN72,AS01,AL33,RINS,GPO2) ..
CL=LAYERS MAT (AV01,CC13,AL33,GP02) ..
FLG1=LAYERS MAT (SCO1,RINS,AL33,AS01,AS01,CC13,AV01) ..
FLGAR=LAYERS MAT (CC13,EARTH) ..
B-WALL=CONS LA=EWA-B ..  $ EXTBRICK WALL
S-WALL=CONS LAEWAS .. $EXT STUCCOWALL
2-WALL=CONS LA=IWA-2 .. SINTCMUWALL2SGYP
11-WALL=CONS LA=IWA-1 .. $INT CMUWALL 1'SGYP
ROF1=CONS LA=RF1 .. $ ROOF
ROF3=CONS LA=RFS .. $ ROOF OVER STH STORY
CLG=CONS LA=CL .. $ INT CEILNGFLOOR
FLRG1=CONS LASFLGY .. $ 2ND STORY FLOOR
LA=FLGAR .. $ GARAGE FLOOR
REG-WIN=G-T P=2G-C=.88S5C=8 .. $ REG WINDOW W/ SHADING
SLWIN=G-T P=2G-C=0.92S5-C=38 .. $ SLIDE GLASS DOOR
WGAR=G-T P=1 G-T.C=1 G-C=10 .. $ GARAGE ENTRANCE - AR
ADR=CONS u=0.64 .. $ APARTMENT ENT DOOR
HOR=CONS U=0.50 .. $ ELEVATOR HALL DOOR
SDR=CONS u=0.59 .. $ STAIRWAY DOOR
IMFL=CONS $ AIR-FLOOR IN STAIRWELL
$ SPACE DESCRIPTION $
APTMT=SPACE-CONDITIONS
TEMPERATURE=(75) FLOOR-WEIGHT=0
UGHTING-TYPE=INCAND  LIGHTING-SCHEDULE=LIGHTS1
UGHTING-W/SQFT=0.8 LIGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPL1 EQUIPMENT-W/SQFT=1.0
PEOPLE-SCHEDULE=OCCUP1  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE
ZONE-TYPE=CONDITIONED ..
OFFICE=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=INCAND  LIGHTING-SCHEDULE=LIGHTS2
LIGHTING-W/SQFT=1.5 UGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPL2  EQUIPMENT-W/SQFT=3.0
PEOPLE-SCHEDULE=0CCUP2  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..

STAIR=SPACE-CONDITIONS

TEMPERATURE=(72) FLOOR-WEIGHT=0
UGHTING-TYPE=SUS-FLUOR LIGHTING-SCHEDULE=LIGHTS3
LIGHTING-W/SQFT=0.3 LIGHT-TO-SPACE=10
PEOPLE-SCHEDULE=OCCUP3  PEOPLE-HEAT.GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..

EHAL1=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHREDULE=UGHTS4
LIGHTING-W/SQFT=1.0 UGHT-TO-SPACE=10
PEOPLE-SCHEDULE=OCCUP4  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..

EHAL2=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
UGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=LIGHTS4
LIGHTING-W/SQFT=1.0 LIGHT-TO-SPACE=10
PEOPLE-SCHEDULE=OCCUP4  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=UNCONDITIONED ..

LAUND=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=LIGHTSS
LIGHTING-W/SQFT=1.0 LIGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPLS  EQUIPMENT-W/SOFT=15.0
PEOPLE-SCHEDULE=OCCUPS  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..
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ACTIVITY=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
UGHTING-TYPE=INCANO UGHTING-SCHEDULE=LIGHTS8
UGHTING-W/SQFT=1.5 LIGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPLS EQUIPMENT-W/SQFT=1.0
PEOPLE-SCHEDULE=OCCUPS  PEOPLE-HEAT-GAIN=450

GARAGE=SPACE-CONDITIONS

TEMPERATURE=(88) FLOOR-WEIGHT=70
UGHTING-TYPE=SUS-FLUOR  UGHTING-SCHEDULE=ULIGHTS7
UGHTING-W/ISQFT=0.4 UGHT-TO-SPACE=1.0
INF.METHOD=AIR-CHANGE  AIR-CHANGES/HR=10
ZONE-TYPE=UNCONDITIONED ..

BUILDING-RESOURCE VERT-TRANS-KW=30 VERT-TRANS-SCH=ELEV
HOT-WATER=184000 HW-SCHEDULE=DHW
E-XW=3.9 E-SCH=LIGHTS7? ..

GARGEW=SPACE S-C=GARAGE V=33022 A=3476 N-O-P=0 ..
E-W CONS=B-WALL H=9.5 W=61 AZ=270 ..
KW CONS=B-WALL H=0.5 W=81 N.T=LOBBY ..
UF CONS=FLRGAR H=55 W=61 TILT=180 ..

LOBBY=SPACE S-C=EHAL1 V=7088 A=744 N-O-P=1.5

N-ZH=95 F.W=70 INF-CFWSQFT=.13

E-W CONS=B-WALL H=9.5 W=24 AZ=180

Wi G-T=SL-WIN 5-SCH=SHADE-SCH H=8 W=168
OH-A=8 OH-B=1.5 OH-W=24 OH-D=11 OH-ANG=80
LF-A=8 LFB=-1.5 L.-F-H=95 LFDO=11
RF-A=0 R-FB=-1.5 RF-H=0.5 RF-D=11 .

W  CONS=RWALL H=0.5 W=24 N-T=ELV1 ..

U-F CONS=FLRGAR H=24 W=28 TLT=180 ..

GARGEE=SPACE S-C=GARAGE V=33022 A=3476 N-O-P=0 ..
E-W CONS=B-WALL H=9.5 W=61 AZ=00 ..
W CONS=B-WALL H=9.5 W=61 N-T=LOBBY ..
U-F CONS=FLRGAR H=55 W=81 TiLT=180 ..

ELV1=SPACE S-C=EHAL1 V=18088 A=1804 N-O-P=05
N-Z-H=05 F-W=100 INF-CFWSQFT=.12
E-W CONS=B-WALL H=8.5 W=63 AZ=0 ..
DOOR CONS=SDR H=8.75 W=6 M=2 ..
LW CONS=B-WALL H=8.5 W=50 N-T=GARGEE ..
W  CONS=B-WALL H=8.5 W=50 N-T=GARGEW ..
U-F CONS=FLRGAR H=68 W=28 TILT=180 ..

STAIRW15=SPACE  S-C=STARR V=10260 A=218 N-O-P=0.1 N-Z.-H=75
INFCFMWSQFT=1.44 ..
E-W CONS=B-WALL H=47.5 W=18 AZ=270 ..
E-W CONS=B-WALL H=47.5 W=12 AZ=0 .
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=5 .
LW  CONS=MFL A=218 LW-TYPE=AIR N-T=STAIRWE3 ..
U-F CONS=FLRGAR H=12 W=18 TiLT=180 ..

STAIRE15=SPACE  S-C=STAIR V=10260 A=216 N-O-P=0.1 N-Z-H=75
NFCFM/SOFT=1.44 .
E-W CONS=BWALL H=47.5 W=18 AZ=00 .
E-W CONS=B-WALL H=47.5 W=12 AZ=0 .
Wi G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=5 .
W  CONS=IMFL A=218 FW-TYPE=AIR N-T=STAIREG3 ..
U-F CONS=FLRGAR H=12 W=18 THLT=180 ..

ABC2=SPACE S-C=APTMT V=38018 A=4752 N-O-P=p N-Z-H=85

INF-CFW/SQFT=.11 FUNCTION=("NONE*,*VENT") ..

E-W CONS=B-WALL H=9.5 W=28 AZ=270 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .

E-W CONS=B-WALL H=0.5 W=120 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 ..

W1 G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=6 M=2 ..

EW CONS=S-WALL H=0.5 W=84 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=6
OH-A=4 OHB=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-275 LF-H=95 LF-D=4
RF-A=4 RF-8=-2.75 RF-H=05 R-F-D=4 ..

E-W CONS=B-WALL H=9.5 W=28 AZ=60 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH Hz=4 W=4 ..

W  CONS=R-WALL H=9.5 W=158 N-T=COR2 ..

FW CONS=I1-WALL H=0.5 W=24 N-T=STAIRW1S ..

W  CONS=CLG A=4752 TiLT=0 N-T=ABC35 ..

LW CONS=FLRG1 A=4752 TILT=180 N-T=GARGEW ..

FW  CONS=R-WALL H=9.5 W=224 FW-TYPE=INTERNAL ..

NE2=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=85
INF-CFWSQFT=.11 ..
W CONS=R-WALL H=0.5 W=84 N-T=COR2..
W CONS=H-WALL H=8.5 W=13 N.T=STAIRE1S ..
E-W CONS=B-WALL H=8.5 W=15 AZ=00 ..
E-W CONS=BWALL H=0.5 W=38 AZ=0 ..
Wl G.T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..



E-W CONS=S-WALL H=0.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH.D=4 OH-ANG=80
L-F-A=4 LF-B=-2.75 L-F-H=0.5 LF.0=4
RF-A=4 R-F-8=-275 RF-H=0.5 RF-D=4 ..

W CONS=CLG A=1704 TILT=0 N-T=NE35 ..

W CONS=FLRG1 A=1704 TiLT=180 N-T=GARGEE ..

W CONS=RWALL H=0.5 W=58 W-TYPE=INTERNAL ..

NW2=SPACE S-C=APTMT V=13632 A=1704 N.O-P=3 N-Z-H=85

INF-CFM/SQFT=.11 ..

E-W CONS=B-WALL H=9.5 W=15 AZ=270 ..

W CONS=H-WALL H=0.5 W=13 N-T=STAIRW15 ..

W CONS=R-WALL H=9.5 W=88 N-T=COR2 ..

W  CONS=R-WALL H=90.5 W=28 N-T=ELV2 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wil G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

EW CONS=S-WALL H=90.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=8 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 L-F-B=-2.75 LFH=95 L-F-D=4
R-F-A=4 R-F-B=-2.76 RF-H=0.5 RF-D=4 ..

W CONS=CLG A=1704 TILT=0 N-T=NW35 ..

W CONS=FLRG1 A=1704 TiLT=180 N-T=GARGEW ..

W CONS=R2-WALL H=9.5 W=58 LW.TYPE=INTERNAL ..

ELV2=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.5
F-W=100 N-Z-H=85 INF.-CFWSQFT=.29
FW CONS=R-WALL H=9.5 W=24 N-T=COR2 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=0 ..
W CONS=CLG A=512 TILT=0 N-T=ELV35 ..
KW CONS=FLRG1 A=512 TiLT=180 N-T=ELV1 ..

COR2=SPACE S-C=EHAL1 V=6240 A=780 N-O-P=0.5
INF-CFWSQFT=.026 ..
W CONS=If-WALL H=9.5 W=5 N-T=STAIRW1S5 ..
W CONSaIf-WALL H=0.5 W=5 N.-T=STAIRE1S ..
KW CONS=CLG A=780 TILT=0 N-T=COR35 ..
W CONS=FLRG1 A=780 TiLT=180 N-T=GARGEE ..

ABC35=SPACE S-C=APTMT V=38018 A=4752 N-O-P=9 N-Z-H=65

F-M=3 INF-CFM/SQFT=.11 FUNCTION=("NONE","VENT") ..

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..

Wi G-TSREG-WIN S-SCH=SHADE-SCH H=4 W=4 ..

EW CONS=B-WALL H=90.5 W=120 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 ..

Wi G-TSREG-WIN S-SCH=SHADE-SCH H=4 W=6 M=2 .

E-W CONS=S-WALL H=0.5 W=84 AZ=180 ..

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=06 M=8
OH-A=4 OH-B8=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-275 LF-H=05 L-F-D=4
R-F-A=4 RF-B=-275 RFH=9.5 RFD=4 ..

E-W CONS=B-WALL H=0.5 W=28 AZ=00 ..

W]  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 ..

W  CONS=R-WALL H=0.5 W=156 N-T=COR3S ..

FW  CONS=I1.WALL H=0.5 W=24 N-T=STAIRW1S ..

FW CONS=CLG A=4752 TILT=0 W-TYPE=ADIABATIC ..

W  CONS=R2-WALL H=90.5 W=224 LW-TYPE=INTERNAL ..

NE35=SPACE S-C=APTMT V=13632 A=1704 N-O-P=3 N-Z-H=85

F-M=3 INF-CFWSQFT=.11 ..

W CONS=R2.WALL H=0.5 W=84 N-T=COR3S ..

W CONS=H-WALL H=0.5 W=13 N-T=STAIRE1S ..

E-W CONS=B-WALL H=0.5 W=15 AZ=90 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

EW CONS=S-WALL H=0.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L-F-B=-2.75 L-F-H=9.5 L-F-D=4
RF-A=4 R-F-B=-2.75 RF-H=95 R-F-D=4 ..

W CONSSCLG A=1704 TILT=0 W-TYPE=ADIABATIC ..

FW  CONSSRWALL H=9.5 W=58 W.TYPE=INTERNAL ..

NW35=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=65

F-M=3 INF-CFM/SQFT=.11 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 ..

FW  CONS=I1-WALL H=0.5 W=13 N.T=STAIRW1S ..

W CONS=R-WALL H=0.5 W=04 N-T=COR3S ..

E-W CONS=B-WALL H=9.5 W=38 AZ=0 .. :

Wi G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

E-W CONS=S-WALL H=0.5 W=42 AZ=0 ..

Wl G-T=SL.-WIN S-SCH=SHADE-SCH H=675 W=6 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=980
L-F-A=4 L-F-B=-275 LF-H=05 LF-D=4
R-F-A=4 R-F-B=-2.75 RF-H=9.5 RF-D=4 ..

W  CONS=CLG A=1704 TILT=0 FW-TYPE=ADIABATIC ..

W  CONS=R-WALL H=9.5 W=58 LW.TYPE=INTERNAL ..

ELV35=SPACE S-C=EHAL2 V=6384 A=072 N-O-P=0.5 F-W=100
N-Z-H=65 F-M=3 INF-CFWSQFT=27 ..
W CONS=R2-WALL H=0.5 W=24 N-T=COR3S ..
E-W CONS=B-WALL H=8.5 W=24 AZ=0 ..




A-6

LW CONS=CLG A=512 TLT=0 FW-TYPE=ADIABATIC ..

COR35=SPACE S-C=EHAL2 V=8240 A=780 N-O-P=05
INF-CFW/SQFT=.026 F-M=3 ..
W  CONS=I1-WALL H=8.5 W=5 N-T=STAIRW1S ..
W  CONS=IT.WALL H=0.5 W=5 N.T=STAIRE1S ..
W CONS=CLG A=780 TILT=0 FW-TYPE=ADIABATIC ..

ABCB2=SPACE SC=APTMT V=34844 A=4388 N-O-P=8 N-Z-H=18.33

F-M=6 INF-CFM/SQFT=.11 FUNCTION=("NONE","VENT"} ..

E-W CONS=B-WALL H=9.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=0.5 W=98 AZ=180 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=6 .

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=8 M=2 ..

E-W CONS=S-WALL H=0.5 W=84 AZ=180 ..

W1 G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W= M=6
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80
LF-A=4 LF-B=-275 L-F-H=85 LF-D=4
R-F-A=4 RF-B=-275 RFH=6.5 R-F-D=4 ..

E-W CONS=B-WALL H=0.5 W=28 AZ=80 ..

W CONS=I12-WALL H=0.5 W=158 N-T=CORS2 ..

W CONS=CLG A=4388 TILT=0 [W-TYPE=ADIABATIC ..

W CONS=R-WALL H=8.5 W=168 LW-TYPE=INTERNAL ..

NEG2=SPACE SC=APTMT V=13632 A=1704 N-O-P=3 N-Z-H=18.33

F-M=8 INF-CFWSQFT=11 ..

LW  CONS=R-WALL H=8.5 W=28 N-T=ELV62 ..

W CONS=I2-WALL H=0.5 W=68 N-T=COR62 .

W CONS=I1-WALL H=9.5 W=13 N-T=STAIREE3 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=80 ..

E-W CONS=B-WALL H=9.5 W=38 AZ=0 ..

W1 G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

E-W CONS=S-WALL H=0.5 W=42 AZ=0 ..

W1l G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L-F-B=-2.75 LF-H=0.5 LF-D=4
R-F-A=4 R-F-8=-2.75 RF-H=9.5 R-F-0=4 ..

W CONS=CLG A=1704 TILT=0 W-TYPESADIABATIC ..

W CONS=R-WALL H=0.5 W=58 FW-TYPE=INTERNAL ..

NWE2=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=18.33

F-M=6 INF-CFMWSQFT=.11 ..

E-W CONS=B-WALL H=9.5 W=15 AZ=270 ..

W  CONS=I1-WALL H=0.5 W=13 N-T=STAIRWE3 ..

W CONS=12-WALL H=9.5 W=88 N-T=CORS62 ..

W CONS=I2.WALL H=9.5 W=28 N-T=ELV62 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

E-W CONS=S-WALL H=0.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 L-F-B=275 L-F-H=9.5 LF-D=4
R-F-A=4 RF-B=-2.75 RF-H=9.5 RF-D=4 ..

W CONS=CLG A=1704 TILT=0 IW-TYPE=ADIABATIC ..

LW  CONS=12.WALL H=9.5 W=56 W.-TYPE=INTERNAL ..

ELVE2=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.5 F-W=100
N-Z-H=18.33 F-M=6 INFCFMWSQFT=18 ..
LW CONS=I2-WALL H=0.5 W=24 N-T=CORS2 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=0 .
W CONS=CLG A=512 TILT=0 FW-TYPE=ADIABATIC .

CORG2=SPACE S-C=EHAL2 V=6240 A=780 N-O-P=0.5
INF-CFWSQFT=.028 F-M=8 ..
W CONS=I1-WALL H=0.5 W=5 N.T=STAIRWSE3 ..
LW  CONS=11-WALL H=9.5 W=5 N.-T=STAIRES3 ..
W CONS=CLG A=780 TILT=0 W-TYPE=ADIABATIC ..

STAIRWE3=SPACE S-C=STAIR V=18416 A=216 N-O-P=0.1 N-Z-H=10
INF-CFWSQFT=19 ..
E-W CONS=B-WALL H=76 W=18 AZ=270 ..
E-W CONS=B-WALL H=76 W=12 AZ=180 .
E-W CONS=B-WALL H=76 W=12 AZ=0 ..
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 .
W CONS=IMFL A=216 FW-TYPE=AIR N-T=STAIRW14 ..

STAIREB3=SPACE = S-C=STAIR V=18416 A=216 N-O-P=0.1 N-Z-H=10
INF-CFW/SQFT=1.9 ..
E-W CONS=B-WALL H=76 W=12 AZ=180 ..
E-W CONS=B-WALL H=76 W=18 AZ=00 ..
E-W CONS=B-WALL H=76 W=12 AZ=0 ..
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 .
W CONS=IMFL A=216 LW-TYPE=AIR N-T=STAIRE14 ..

ABC11=SPACE S-C=APTMT V=34044 A=4368 N-O-P=7 N-ZH=$

INF-CFM/SQFT=.11 FUNCTION=("NONE",*VENT") ..

E-W CONS=B-WALL H=9.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=0.5 W=906 AZ=180 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=6 .

W!  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=8 M=2 .

E-W CONS=SWALL H-0.5 W=84 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=6
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80



LF-A=4 L F-B=275 LFH=05 LF.D=4
R-F-A=4 R-F-B=-275 R-F-H=9.5 R-F-D=4 ..
E-W CONS=B-WALL H=0.5 W=28 AZ=00 ..
W CONS=I2.-WALL H=0.5 W=156 N-T=COR11 ..
W CONS=CLG A=4388 TLT=0 IW-TYPE=ADIABATIC ..
W CONS=I2WALL H=8.5 W=168 LW.TYPE=INTERNAL ..

NE11=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=$

INF-CFM/SQFT=.11 ..

W  CONS=12.WALL H=0.5 W=28 N-T=ELV11 ..

W CONS=R-WALL H=9.5 W=68 N-T=COR11 ..

W  CONS=I1-WALL H=0.5 W=13 N-T=STAIRES3 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=60 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

E-W CONS=SWALL H=9.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=3
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L-F-B=-275 L-F-H=0.5 L-F-D=4
RF-A=4 RF-B=-2.75 RF-H=0.5 R-F-D=4 ..

W CONS=CLG A=1704 TLT=0 LW-TYPE=ADIABATIC ..

W  CONS=R-WALL H=8.5 W=58 |W- =INTERNAL ..
NW11=SPACE S-C=APTMT V=4544 A=588 N-O-P=1 N-Z-H=$
INF-CFM/SQFT=.11 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 ..

W CONS=1-WALL H=08.5 W=13 N-T=STAIRWE3 ..

W CONS=R-WALL H=0.5 W=22 N-T=COR11 ..

W CONS=R-WALL H=0.5 W=28 N-T=0OFCi1 ..

EW CONS=B-WALL H=9.5 W=12 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .,

E-W CONS=SWALL H=0.5 W=14 AZ=0 ..

W1 G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-275 L-F-H=95 LF-D=4
R-F-A=4 RF-B=-275 R-F-H=0.5 R-F-D=4 ..

W CONS=CLG A=568 TILT=0 W-.TYPE=ADIABATIC .

OFC11=SPACE S-C=OFFICE V=0088 A=1138 N-O-P=5 N-Z.H=5

INF-CFWSOFT=11 ..

W CONS=RWALL H=0.5 W=44 N-T=COR11 ..

W CONS=I2-WALL H=9.5 W=28 N-T=ELV11 ..

E-W CONS=B-WALL H=9.5 W=24 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 .

E-W CONS=S-WALL H=9.5 W=28 AZ=0 ..

W1l G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=2
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 L-F-B=2.75 LF-H=9.5 L-F-0=4
R-F-A=4 RF-B=-275 RF-H=0.5 R-F-D=4 ..

W  CONS=CLG A=1138 TIT=0 |-W-TYPE=ADIABATIC ..

W CONS=IR2-WALL H=0.5 W=28 LW.TYPE=INTERNAL ..

ELV11=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.5
N-Z-H=-5 F-W=100 INF-CFM/SQFT=.16
W CONS=I2WALL H=0.5 W=24 N-T=COR11 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=0 ..
W  CONS=CLG A=512 TILT=0 FW-TYPE=ADIABATIC ..

COR11=SPACE S-C=EHAL2 V=6240 A=780 N-O-P=0.5
INF-CFM/SQFT=.028 ..
W CONS=I-WALL H=6.5 W=5 N-T=STAIRWE3 ..
W CONS=I1-WALL H=8.5 W=5 N-T=STAIRES3 ..
W CONS=CLG A=760 TILT=0 LW-TYPE=ADIABATIC ..

SW13=SPACE S-C=APTMT V=9088 A=1138 N-O-P=2 N-Z-H=-25

INF-CFWSQFT=,11 FUNCTION=("NONE",*VENT") ..

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=0.5 W=24 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2

E-W CONS=S-WALL H=9.5 W=28 AZ=180 ..

WI  G-T=SL-WIN S-SCH=SHADE-SCH H=0.75 W=6 M=2
OH-A=4 OH-B8=2.75 OH-W=14 OH-D=4 OH-ANG=80
LF-A=4 LF-B=-275 L-F-H=9.5 L-F-D=4
RF-A=4 RF-B=-2.75 R-F-H=0.5 R-F-D=4 ..

W CONS=I2-WALL H=0.5 W=28 N-T=ACTRM13 ..

W  CONS=I2-WALL H=0.5 W=44 N.-T=COR13 ..

ROOF CONS=ROF1 H=44 W=28 TLT=0 GND-REFLECTANCE=0 ..

W  CONS=2-WALL H=0.5 W=28 IW-TYPE=INTERNAL ..

SE13=SPACE S-C=APTMT V=0088 A=1138 N-O-P=2 N-Z-H=-25

INF-CFWSQFT=.11 FUNCTION=("NONE®,"VENT") ..

W  CONS=RWALL H=0.5 W=28 N-T=ACTRM13 ..

E-W CONS=B-WALL H=9.5 W=24 AZ=180 ..

Wi G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 ..

E-W CONS=S-WALL H=9.5 W=28 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=2
OH-A=4 OH.B=2756 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-2.75 LF-H=9.5 LF-D=4
R-F-A=4 RF-B=-2.75 RF-H=0.5 RF-D=4 ..

E-W CONS=B-WALL H=0.5 W=28 AZ=00 ..

W CONS=I2.WALL H=0.5 W=44 N-T=COR13 ..

ROOF CONS=ROF1 H=44 W=28 TILT=0 GND-REFLECTANCE=0 ..

W CONS=R2.WALL H=0.5 W=28 FW-TYPE=INTERNAL ..




NE13=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N.ZH=-25

INF-CFWSQFT=.11 ..

W CONS=I2.WALL H=0.5 W=28 N-T=ELV13 ..

W CONS=R.WALL H=0.5 W=68 N-T=COR13 .

W CONS=I1-WALL H=0.5 W=13 N-T=STAIRESS ..

E-W CONS=B-WALL H=0.5 W=15 AZ=90 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

E-W CONS=S-WALL H=08.5 W=42 AZ=0 .

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=8 M=2
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 LFB=-275 LF-H=95 LF-D=4
R-F-A=4 R-F-B=-275 RF-H=0.5 R-F-D=4 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=4 W=8 .

ROOF CONS=ROF1 H=66 W=28 TiLT=0 GND-REFLECTANCE=0 ..

W CONSSI2WALL H=9.5 W=58 |-W-TYPE=INTERNAL .

NW13=SPACE S-C=APTMT V=0088 A=1138 N-O-P=2 N-Z-H=-25

INF-CFWSQFT=11 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 ..

W CONS=I1.WALL H=0.5 W=13 N-T=STAIRWE3 ..

LW CONS=I2-WALL H=9.5 W=44 N-T=COR13 ..

W CONS=I12-WALL H=9.5 W=28 N-T=LNDRY13 .

E-W CONS=B-WALL H=9.5 W=24 AZ=0 ..

WI  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 .

E-W CONS=S-WALL H=8.5 W=28 AZ=0 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6 M=2
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L F-B=-275 L-F-H=95 LF-D=4
R-F-A=4 RF-B=-275 R-F-H=95 RFD=4 .

ROOF CONS=ROF1 H=44 W=28 TILT=0 GND-REFLECTANCE=0 .

KW CONS=I2-WALL H=8.5 W=28 LW-TYPE=INTERNAL ..

ACTRM13=SPACE  S-C=ACTIVITY V=19040 A=1904 N-O-P=8 N-Z.H=-25
INFCFWSOFT=11 ..
E-W CONS=B-WALL H=2 W=28 AZ=80 ..
E-W CONS=B8-WALL H=2 W=28 AZ=270 .
E-W CONS=B-WALL H=11.5 W=88 AZ=180 ..
Wl G-T=REG-WIN SSCH=SHADE-SCH H=6 W=3 M=10 ..
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=6 W=4 M=2 .
W CONSSI2-WALL H=9.5 W=68 N-T=COR13 ..
E-W CONS=8-WALL H=2 W=88 AZ=0 ..
ROOF CONS=ROF1 H=68 W=28 TILT=0 GND-REFLECTANCE=0 ..

LNDRY13=SPACE = S-C=LAUND V=4928 A=616 N-O-P=0.5 N-Z-H=-25
INF-CFM/SQFT=11 ..
W CONS=I12-WALL H=9.5 W=22 N-T=COR13 ..
LW  CONS=[2.WALL H=0.5 W=28 N-T=ELV13 ..
E-W CONS=B-WALL H=0.5 W=22 AZ=0 ..
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=8 .
ROOF CONS=ROF{ H=22 W=28 TILT=0 GND-REFLECTANCE=0 ..

ELV13=SPACE S-C=EHAL1 V=6334 A=672 N-O-P=0.5
N-Z-H=-25 F-W=100 INF-CFMW/SQFT=.08
W CONS=I2-WALL H=9.5 W=24 N-T=COR13 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=0 .
KW CONS=CLG A=512 TILT=0 |-W-TYPE=ADIABATIC .

COR13=SPACE S-C=EHAL1 V=6240 A=780 N-O-P=0.5
INF-CFWSQFT= 028 ..
LW CONS=I1-WALL H=95 W=5 N-T=STAIRWE3 ..
LW CONS=I1-WALL H=95 W=5 N-T=STAIREE3 ..
ROOF CONS=ROF1 H=156 W=5 TILT=0 GND-REFLECTANCE=0

ELV14=SPACE S-C=EHAL2 V=8384 A=672 N-O-P=0.01
N-Z-H=-35 F-W=100 INF-CFWSQFT=.11

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=180 ..
DOOR CONS=SDR H=8.75 W=3 ..
E-W CONS=B-WALL H=9.5 W=28 AZ=00 .
E-W CONS=B-WALL H=98.5 W=24 AZ=0 .
ROOF CONS=ROF1 H=24 W=28 TILT=0 GND-REFLECTANCE=0 ..

STAIRW14=SPACE S-C=STAIR V=2052 A=216 N-O-P=0.01 N-Z.H=35
INF-CFWSQFT=11 ..
E-W CONS=B-WALL H=0.5 W=18 AZ=270 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=180 ..
E-W CONS=B-WALL H=0.5 W=18 AZ=00 ..
DOOR CONS=SDR H=6.75 W=3 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=0 ..
ROOF CONS=ROF1 H=18 W=24 TILT=0 GND-REFLECTANCE=0 ..

STAIRE14=SPACE S-C=STAIR V=2052 A=218 N-O-P=0.01 N-Z-H=35
INF-CFM/SOFT=.11 ..
E-W CONS=B-WALL H=0.5 W=18 AZ=270 ..
DOOR CONS=SDR H=8.75 W=3 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=180 ..
EW CONS=BWALL H=0.5 W=18 AZ=680 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=0 ..
ROOF CONS=ROF1 H=18 W=24 TILT=0 GND-REFLECTANCE=0 ..
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FUNCTION NAME=VENT

ASSIGN
TZONER=ZTEMP DBTR=DBTR
VOL=2ZvOL CFMINF=CFMINF
MULT=ZMULT MO<=IMO ..

CALCULATE ..
{F(MO.GE.4.AND.MOLE.11) GO TO 10
CFMOLD=CFMINF
TOIF=TZONER-DBTR
CFVENT=1.5"VOL/0
IF(TOIF.LE.O.OR. TDIF.GT.30)CFVENT=0.0
CFMINF=CFMOLD+CFVENT

10 CONTINUE
END

END-FUNCTION ..
COMPUTE LOADS ..

INPUT SYSTEMS ..
TME UNE-3 *BASEBOARD HEATING?® ..
SYSTEMS-REPORT S$=(SS-8,SS-0,SSH) ..

$ SCHEDULE $
VENTING=SCH THRUDEC 31 (ALL) (1,24) (1) .. $ VENTILATION $
THHT=SCH  THRUMAY 31 (ALL) (1,24) (78)

THRU OCT 15 (ALL) (1,24) 72)

THRU DEC 31 {ALL) (1,24) (75) $ HEATING $
THCL=SCH  THRUDEC31 (ALL) (1,24) (78) .. $COOLNG $

COOL=SCH THRU APR 30 (ALL) (1,24) (80)

THRU OCT 15 (ALL) (1,24) (9)

THRU DEC 31 (ALL) (1.24) (30) .. SVENT MAX COOLS
VNTMP=SCH  THRU APR 30 (ALL) (1,24) (75)

THRU OCT 15 (ALL) (3,24) (75)

THRU DEC 31 (ALL) (1,24) (75) .. SVENT MIN COOLS
ELTH=SCH  THRUDEC31 (ALL) (1,24) (88) .. $ E-HALLALOBBY S
STTH=SCH  THRUDEC31 (ALL) (4,24) (55) .. $ STARWELL $
COTH=SCH  THRUDEC31 (ALL) (.24) (85) .. $ CORRIDOR $

HID1=D-SCH  (1,7) (70) (8,18) (75) (19,24) (77) ..

HTD2=D-SCH (1,8 (70) (8,13) (75) (14,24) (70) ..

HTD3=D-SCH  ({1,24) (70) ..

HIW=W.SCH  (MON,FRI) HTD1 (SAT) HTD2 (SUN, HOL)
HTOFC=SCH  THRUDEC31 HTW .. $ OFC HEATING §

ACDI=D-SCH  (1,7) (99) (8,18) (78) (19,24) (89) ..

ACO2=D-SCH (1 a) (90) (9,13) (78) (14,24) (99) ..

ACD3=D-SCH (1,24

ACW=W.SCH  (MON,FR) ACD1 {SAT) ACD2 (SUN,HOL) ACDS ..
ACOFC=SCH  THRUDEC31 ACW .. $ OFC COOLING §

ATD1=D-SCH (1.7) (85) (8,24) (75) ..

ATACT=SCH UDEC31 (ALL) ATD1 . $ ACTHEATING §

HCD1=D-SCH  (1,7) (96) (8,24) (78) ..

HCACT=SCH  THRUDEC31 (ALL) HCD1 .. $ ACTCOOLING $
$ ZONE SUB-COMMANDS §

CONTROL=Z-C  D-H-T=75 H-T-SCH=THHT C-T-SCH=COOL D-C-T=78
BASEBOARD-CTRL=THERMOSTATIC T-TYPE=TWO-POSITION ..

CON1=Z-C  D-H-T=68 H-T-SCH=ELTH D-C-T=78
BASEBOARD-CTRL=THERMOSTATIC T-TYPE=TWO-POSITION ..

CON2=Z.C D-H-T=55 H.T-SCH=STIH D-C-T=78
BASEBOARD-CTRL=THERMOSTATIC T-TYPE=TWO-POSITION .

CON3=Z.C D-H-T=68 H-T-SCH=COTH D-C-T=78
BASEBOARD-CTRL=THERMOSTATIC T-TYPE=TWO-POSITION ..

OCON=Z-C  D-H-T=75 H-T-SCH=HTOFC D-C-T=78 C-T-SCH=ACOFC
T-TYPE=TWO-POSITION ..

ACON=Z.C D-H-T=75 H-T-SCH=ATACT D-C-T=78 C-T-SCH=HCACT
BASEBOARD-CTRL=THERMOSTATIC T-TYPE=TWO-POSITION ..

$ ZONE DESCRIPTION $

GARGEW=ZONE Z-TYPE=UNCONDITIONED ..

LOBBY=ZONE Z-TYPE=CONDITIONED Z-C=CON1 B-R=-21325 ..
GARGEE=ZONE Z-TYPE=UNCONDITIONED ..

ELVI=ZONE Z-TYPE=CONDITIONED Z-C=CON2 B-R=47782 ..
STAIRW15=ZONE Z-TYPE=CONDITIONED 2Z-C=CON2 B-R=-38400 ..
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STAIRE15=ZONE Z-TYPE=CONDITIONED Z.-C=CON2 B-R=-38409 ..
ABC2=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-131171 ..
NE2=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-81480 ..
NW2=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL 8-R=-59457 ..
ELV2=ZONE Z-TYPESUNCONDITIONED ..

COR2=ZONE Z-TYPE=CONDITIONED Z-C=CON3 BR=8535 ..
ABC35=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=$1277 ..
NE35=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-38007 ..
NW35=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-48881 ..
ELV35=ZONE Z-TYPE=UNCONDITIONED ..

COR35=ZONE Z-TYPE=UNCONDIMIONED ..

ABC82=ZONE Z.TYPE=CONDITIONED Z-C=CONTROL B-R=-79771 ..
NE62=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL 8R=-38811 ..
NW6B2=ZONE Z-TYPE=CONDITIONED Z.C=CONTROL B-R=-40184 ..
ELVE2=ZONE Z-TYPE=UNCONDITIONED ..

COR62=ZONE Z-TYPE=UNCONDITIONED ..

STAIRWE3=ZONE Z-TYPE=CONDITIONED Z-C=CON2 B-R=-38400 ..

STAIREEB3=20NE Z-TYPE=CONDITIONED Z-C=CON2 B-R=38400 ..
ABC11=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-79771 ..
NE11=ZONE Z.-TYPE=CONDITIONED Z-C=CONTROL B-R=-38904 ..
NW11=2O0NE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-15844 ..
OFC11=20NE Z-TYPE=CONDITIONED Z-C=OCON H-CAP=-38500 C-CAP=35000 ..
ELVI1=ZONE Z-TYPE=UNCONDITIONED ..

COR11=ZONE Z-TYPE=UNCONDITIONED ..
SW13=ZONE Z-TYPE=CONDITIONED 2Z-C=CONTROL B-R=-33237 ..
SE13=ZONE Z-TYPE=CONDITIONED Z.C=CONTROL 8-R=-33237 ..
NE13=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-56214 ..
NW13=ZONE Z-TYPE=CONDITIONED Z-C=CONTROL B-R=-41489 ..
ACTRM13=ZONE Z-TYPE=CONDITIONED Z-C=ACON B-R=-4268
A-CFM=1500 O-A-CFM=860 S-O=ADJUST-LOADS ..
LNDRY{13=ZONE Z-TYPE-CONDIMIONED Z-C=CONTROL B-R=-11540 ..
ELVi3=ZONE Z-TYPE=CONDITIONED Z-C=CON1 BR=3192 ..
COR13=ZONE Z-TYPE=CONDITIONED Z-C=CON3 B-R=-8535 ..
ELV14=ZONE Z-TYPE=UNCONOITIONED ..
STAIRW14=ZONE Z-TYPE=UNCONDITIONED ..
STAIRE14=ZONE  Z-TYPE=UNCONOIMIONED ..

$ SYSTEM SUB-COMMANDS §
SCTRL=S-C  MAX-S-T=100 MIN-S-T=55 ..

S-AIR=S-A VENT-METHOD=AIR-CHANGE VENT-TEMP-SCH=VNTMP
NATURAL-VENT-AC=4 NATURAL-VENT-SCH=VENTING ..

S-FN=S.FANS SUP-D-T=0.0 S-KW=0.0 ..

SEQPT=S-EQ CCAP=0.0 COOL-SH-CAP=0.0 H-CAP=0.0 CH=00 F-A=00 ..
$ SYSTEMS DESCRIPTION $

SYS-LBY=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(LOBBY,GARGEW GARGEE) ..

SYS-SW1=SYSTEM S-TYPE=RESYS SC=SCTRL S-A=S-AIR SFANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=RLECTRIC ZONE-NAMES=(STAIRW1S) ..

SYS-SE1=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=SFN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(STAIRE15) .

SYS-AC2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(ABC2)

SYS-NE2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S+N S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-SSELECTRIC ZONE-NAMES=(NE2) ..

SYS-E01=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S-FN S-EQ=S-EQPT

HEAT-SSELECTRIC BASEB-S=8 ECTRIC ZONE-NAMES=(ELV1,ELVD) ..

SYS-CO2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=BLECTRIC ZONE-NAMES=(COR2) ..

SYS-NW2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=SEQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW2) ..

SYS-AC35=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EC=S-EQPT
HEAT-S=ELECTRIC BASEB-S=BLECTRIC
ZONE-NAMES=(ABC35,ELV35,COR35) .

SYS-NE35=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=RLECTRIC ZONE-NAMES=(NE35) .

SYS-NW35=SYSTEM S-TYPE=RESYS SC=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW3S5) ..

SYS-ACE2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR SFANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(ABC62,ELV62,CORE2) ..

SYS-SWE3=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT

HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(STAIRWE3) ..
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SYS-SEB3=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONENAMES=(STAIRESEJ) ..

SYS-NEB2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE62) ..

SYS-NW62=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S5-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW62) ..

SYS-AC11=SYSTEM S-TYPE=RESYS S-C=S.-CIRL $-A=S-AIR S-FANS=SFN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(ABC11,ELV11,COR1Y) ..

SYS-NE11=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE11) ..

SYS-NW11=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S.-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW11) ..

SYS-OF11=SYSTEM S-TYPE=PTAC MAX-S-T=100 MIN-S-T=55 H-SCH=HTOFC
C-SCH=ACOFC HEAT-SOURCE=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(OFC11) ..

SYS-SW13=SYSTEM S-TYPESRESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(SW13) ..

SYS-E13=SYSTEM S-TYPE=RESYS S-C=5-CTRL $-A=S-AIR SFANS=S-FN S-EQ=S-EQPT
BASEB-S=ELECTRIC HEAT-SOURCE=ELECTRIC ZONE-NAMES=(ELV13) ..

SYSCI3=SYSTEM S-TYPE=RESYS SC=SCIRL S-A=S-AIR SFANS=SFN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(COR13) ..

SYS-SE13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(SE13,ELV14,STARW14,STARE14) ..

SYS-NE13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR SFANS=SFN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE13) ..

SYS-NW13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW13) ..

SYS-AT13=SYSTEM S-TYPE=PTAC MAX-S-T=100 MIN-S-T=55 H-SCH=ATACT
C-SCH=HCACT HEAT-SOURCE=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(ACTRM13) ..

SYS-LD13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(LNDRY13) ..

END ..
COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT S=(PS-A,PS-B)..

WHR=P-E TYPE=ELEC-DHW-HEATER SIZE=.388 ..
SRPTSCH=SCH THRU DEC 31 (ALL) (1,24) (1) ..
$OUT-1=R-B V-T=PLANT V-L=(10]

$HR-RPT=H-R R-SCH=RPTSCH R- B-(OUT-1)

END ..
COMPUTE PLANT ..

STOP ..

’
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NPUT LOADS ..

$ Post-Retroft Modol $

TILE LINE-1 *MARGOLIS APARTMENT BLDG-POST”
LINE-2 *CHELSEA, MASSACHUSETTS® ..

DIAGNOSTIC=CAUTIONS ..
ABORT=ERRORS ..

LOADS-REPORT  S=(LS-CLS-DLSF) ..

RUN-PERIOD JAN 01 1963 THRU DEC 31 1863 ..
BUILDING-LOCATION LATITUDE=4237 LONGITUDE=71.03
TIME-ZONE=S ALTITUDE=1S AZ=315 ..

$ SCHEDWLES §
OC1=D-SCH (1.7(95 (a 9)(.8) (1018)(65) (17.21)(8,8.85,
85,.85) (22,24)(99) ..

OC2=D-SCH (1.8)(95) (3,10)(8) (11,18)(7) (18.24)(95) .
OC3=D-SCH (1.7(e3) (a 10)(9 9..8) (11,16)(.7) (17.19 8

4)(95) ..
OC4=D-SCH (. 7)(0) (8 12)( 95) (13)(65) (34,17)(:85) (18.24)(.01) ..
0C5=D-SCH (1,24
0C8=D-SCH (1, 7)(01) (8 20)( 1) (21,24)(01) ..
OC7=D-SCH (1.7)(.0%) (8.18)(.75) (19,24)(.0%) ..
0C8=D-SCH (1.7 @8, 17)(35)(15ﬁ)(‘5)(2324)(1)
OCCUP1=: THRU DEC 31 (WD) OC1 (SAT) OC2 {SUN,HOL) OC3 ..
OCCUP2=SCH THRU DEC 31 (WD) OC4 (SAT) OCS (SUN,HOL) OCS ..
OCCUP3=SCH THRU DEC 31 (WD) OC8 (SAT) OCS (SUN,HOL) OC8 ..
OCCUP4=SCH THRU DEC 31 (WD) OC7 (SAT) OCT (SUN,HOL) OCT ..
OCCUPS=SCH THRU DEC 31 (WD) OC7 (SAT) OC7 (SUN,HOL) OC7 ..
OCCUP8=SCH THRU DEC 31 (WD) OC8 (SAT) OC8 (SUN,HOL) OC8 ..

LG1S=D-SCH (1,5)(.13) (6,11)(.15..2,.25,.3,.25,.22)
(12,14)(.21) (15,21)(.22,.25,.28,28,25,2..2)
(22,24)(.15,.13,.13) ..

LG1W=D-SCH (1,5)(.13) (6,11)(.15..22,.26,.32,.27,.24)
(12,14)(:23) (15,21)(24,.27,.3, 3.27.22.22)
(22,24)(.17..15..15) ..

LG2=D-SCH (1.6)(.05) (é:)( 1)? %ﬁ) (10,17)(:35) (18.22(6)

LG3=D-SCH (1.7(.01) (8,17)(.85) (18,21)(.25) (22.24)(01) ..

LG4=D-SCH (1.24)(01) ..

LG5=D-SCH {(1.7(1.0) BAT)0) (18.24(1.0) ..

LG6=D-SCH (124 (1.0) ..

LG7=D-SCH (1.1(1.0) BATO) (18.24(1.0) ..

LIGHTS1=SCH  THRU MAR 31 (ALL) LGIW THRU SEP 20 (ALL) LG1S
THRU DEC 31 (ALL) LGIW ..

LGHTS2=SCH  THRUDEC 31 (WD)LG3 (SAT) LG4 (SUNHOL) LG4 ..

LGHTS3=SCH  THRU DEC 31 (WD) LGS (SAT)LGS (SUNHOL) LGS ..

UGHTS4=SCH  THRU DEC 31 (WD) LGS (SAT) LGS (SUN,HOL) LGS ..

LIGHTSS=SCH  THRU DEC 31 (WD) LG8 (SAT) LG8 (SUNHOL) LGS ..

LIGHTSS8=SCH  THRU DEC 31 (WD)LG3 (SAT) LG3 (SUN,HOL)LG3 ..

LGHTS7=SCH  THRU DEC 31 (WD) LG7 (SAT) LG7 (SUNHOL) LG7 ..

AP1=D-SCH (1.701) (B.18)(:25) (19.24)(1) ..
AP2=D-SCH (1.7)(.:39) (8.9)(.55..55) (10,16)(.51)

(17.18)( 62..56) (19.24)( 51,51, 51,.47,.45,.4) .
AP3=D-SCH (1.7)(0) (8.12)(.85) (13)(.65) (14,17)( 85) (18.24)(.01) ..
AP4=D-SCH (1.24)(01) ..
AP5=D-SCH (1.7)(01) (8.18)(.4) (19,24)(.02) ..
APB=D-SCH (1.8)(01) (8,17)(.75) (18.24)(02) .
AP7=D-SCH (1.7(.2) (8,20)(.5) 1.24)(.2) ..
APPL1=SCH THRU DEC 31 (ALL)AP2 ..
APPL2=SCH THRU DEC 31 (WD) AP3 (SAT) AP4 (SUNHOL) AP4 .
APPL5=SCH THRU DEC 31 (WD) APS (SAT) AP8 (SUNHOL) APS .
APPLB=SCH THRU DEC 31 (ALL)APT ..

DH1=D-SCH {1.24)(.09,.05, oz.ozoo .28,.38,.47,.47,52,.52,47,.45,
'39,.38,38, 42, 47,.47,.47,.38,.28,00,.08) .
DH2=D-SCH (1.24)(.14,.07,.03,03,.14, 42, 58,70, 70,77..77..70
167,.58,56,.58,.62,.70,.70,.70,.58. 42,.14,.14)
OHW=SCH THRU MAR 31 (ALL) DH2
THRU OCT 31 (ALL) DH1
THRU DEC 31 (ALL) DH2 ..
EL1=D-SCH “ e)(05)(724)(2.4 5,.35,4,.35,.35,.3,3,3,.4
4.35,25.1,05) ..
EL2=D-SCH (16)(05)(724)(1:5455554454544
5,45,3,3,25,.15) ..
EL3=D-SCH (16)(05)(724)(12345454445
4,5,45,3,25,15,05) ..
ELEV=SCH THRU oec 31 (WD) EL1 (SAT) E12 (SUNHOL) ELS3 ..

SHADE-SCH=SCH  THRU DEC 31 (ALLY(1,8)(1.0)(9, 15)( 25)
(19,24{1.0) ..

$ MATERIALS NOT IN DOE-2 LIBRARY $
EARTH=MAT TH=2.50 COND=0.50 DENS=120 S-H=0.20 ..



RINS=MAT

EWA-B=LAYERS
EWA-S=LAYERS
IWA-2=LAYERS
MWA-1=LAYERS
RF-1=LAYERS
RF3=LAYERS
CL=LAYERS

FLG1=LAYERS
FLGAR=LAYERS

B-WALL=CONS
S-WALL=CONS
R-WALL=CONS
11-WALL=CONS
ROF1=CONS
ROF3=CONS
CLG=CONS
FLRG1=CONS
FLRGAR=CONS

REG-WIN=G-T
SL-WIN=G-T
WGAR=G-T
ADR=CONS
HDR=CONS
SDR=CONS
IMFL=CONS

B-3

TH=0.5 COND=0.0263 DENS=0.5 S-H=0.19 ..

$ CONSTRUCTION $

MAT (BKO1,CB08,IN35,GPO1) ..
MAT (SCO01,CB08,IN35,GPO1) ..
MAT (GPO1,AL11,C811,AL11,GPO1) ..
MAT (CB11,AL11,GPO1) ..
MAT (BRO1,IN72,AS01,AS01,AL33,RINS,GP02,GP02) ..
MAT (ASO1,IN72,AS01,AL33,RINS,GP02) ..
MAT (AV01,CC13,AL33,GP02) ..
MAT (SCO1,RINS,AL33,AS01,AS01,CC13,AV01) ..
MAT (CC13,EARTH) ..

LAEWAB .. $ EXTBRICKWALL
LA=EWA-S ..  $ EXT STUCCOWALL
LA=IWA2 ..  $INTCMUWALL 2S GYP
LA=IWA-1 .. $INTCMUWALL 1'SGYP
LA=RF1 .. $ROOF
LA=RF3 ..  $ ROOF OVER 5TH STORY
LA=CL .. $ INT CEILING/FLOOR
LA=FLG1 ..  $ 2ND STORY FLOOR
LA=FLGAR ..  $ GARAGE FLOOR

P=2G-L=6 S-C=.8 .. $ REG WINDOW W/ SHADING

P=3G-C=.48 S-L=.8 .. $ SUDE GLASS DOOR

P=1 G-T.C=1 GL=10 ..  $ GARAGE ENTRANCE - AIR

U=0.64 .. $ APARTMENT ENT DOOR

U=0.59 .. $ ELEVATOR HALL DOOR

U=0.50 . $ STAIRWAY DOOR

U=15 .. $ AIR-FLOOR IN STAIRWELL
$ SPACE DESCRIPTION $

APTMT=SPACE-CONDITIONS

LIGHTING-TYPE=INCAND  LIGHTING-SCHEDULE=LIGHTS1
UGHTING-W/SQFT=048  LIGHT-TO-SPACE=1.0 ,
EQUIP-SCHEDULE=APPL1 EQUIPMENT-W/SQFT=1.0
PEOPLE-SCHEDULE=OCCUP{ PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..

OFFICE=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=INCAND  LIGHTING-SCHEDULE=LIGHTS2
LIGHTING-W/SQFT=1.5 UGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPL2  EQUIPMENT-W/SQFT=3.0
PEOPLE-SCHEDULE=OCCUP2  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDTIONED

STAIR=SPACE-CONDITIONS

TEMPERATURE=(72) FLOOR-WEIGHT=0
UGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=LIGHTS3
UGHTING-W/SQFT=0.3 LIGHT-TO-SPACE=1.0
PEOPLE-SCHEDULE=OCCUP3  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONDITIONED ..

EHAL1=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=UGHTS4
UGHTING-W/SOFT=1.0 UGHT-TO-SPACE=1.0
PEOPLE-SCHEDULE=OCCUP4  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONOITIONED ..

EHAL2=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=LIGHTS4
UGHTING-W/SQFT=1.0 LIGHT-TO-SPACE=1.0
PEOPLE-SCHEDULE=0CCUP4  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=UNCONDITIONED ..

LAUND=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
UGHTING-TYPE=SUS-FLUOR  LIGHTING-SCHEDULE=LIGHTSS
UGHTING-W/SQFT=1.0 UGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPLS  EQUIPMENT-W/SQFT=15.0
PEOPLE-SCHEDULE=OCCUPS  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

ZONE-TYPE=CONOITIONED ..




ACTIVITY=SPACE-CONDITIONS

TEMPERATURE=(75) FLOOR-WEIGHT=0
LIGHTING-TYPE=INCAND LIGHTING-SCHEDULE=LIGHTSS
LIGHTING-W/SQFT=1.5 LIGHT-TO-SPACE=1.0
EQUIP-SCHEDULE=APPLS EQUIPMENT-W/SQFT=1.0
PEOPLE-SCHEDULE=QCCUPS  PEOPLE-HEAT-GAIN=450
INF-METHOD=AIR-CHANGE

2ZONE-TYPE=CONDITIONED ..

GARAGE=SPACE-CONDITIONS

TEMPERATURE=(88) FLOOR-WEIGHT=70
LIGHTING-TYPE=SUS-FLUOR  LIGHTING-SCREDULE=LIGHTS7
LIGHTING-W/SQFT=0.15 UGHT-TO-SPACE=1.0
INF-METHOD=AIR-CHANGE  AIR-CHANGESHR=10
ZONE-TYPE=UNCONDITIONED ..

BUILDING-RESOURCE VERT-TRANS-KW=30 VERT-TRANS-SCH=ELEV
HOT-WATER=184000 HW-SCHEDULE=DHW
E-KW=3.2 E-SCH=LIGHTS7 ..

GARGEW=SPACE S C=GARAGE V=33022 A=3476 N-O-P=0 ..
E-W CONS=B-WALL H=9.5 W=81 AZ=270 ..
W  CONS=B-WALL H=9.5 W=61 N-T=LOBBY ..
UF CONS=FLRGAR H=55 W=61 TILT=180 ..

LOBBY=SPACE S C=EHAL1 V=7068 A=744 N-O-P=1.5

N-Z-H=85 F-W=70 INF-CFWSQFT=.107

E-W CONS=B-WALL H=95 W=24 AZ=180 ..

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=8 W=168
OH-A=8 OH-B=15 OH-W=24 OH-D=11 OH-ANG=80
L-F-A=8 LF.B=-15 LF-H=05 L-F-D=11
R-F-A=0 R-F-B=-1.5 R-F-H=9.5 R-F-D=11 ..

W CONS=I2-WALL H=9.5 W=24 N-T=ELV1 ..

U-F CONS=FLRGAR H=24 W=28 TILT=180 ..

GARGEE=SPACE S-C=GARAGE V=33022 A=3476 N-O-P=0 ..
E-W CONS=B-WALL H=8.5 W=61 AZ=80 ..
W CONS=B-WALL H=0.5 W=61 N.T=LOBBY ..
U-F CONS=FLRGAR H=55 W=61 TILT=180 ..

ELV1=SPACE S-C=EHAL1 V=18088 A=1804 N-O-P=0.5
N-Z-H=95 F-W=100 INF-CFW/SQFT=.12
E-W CONS=B-WALL H=8.5 W=63 AZ=0 ..
DOOR CONS=SDR H=6.756 W=6 M=2 ..
W CONS=B-WALL H=98.5 W=50 N-T=GARGEE .
W  CONS=B-WALL H=9.5 W=50 N-T=GARGEW .
U-F CONS=FLRGAR H=68 W=28 TILT=180 .

STAIRW15=SPACE  S-C=STAIRR V=10260 A=216 N-O-P=0.1 N-Z-H=75
INF-CFW/SQFT=1.21 ..
E-W CONS=B-WALL H=47.5 W=18 AZ=270 ..
E-W CONS=B-WALL H=47.5 W=12 AZ=0 ..
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=5
LW  CONS=IMFL A=218 LW-TYPE=AIR N-T=STAIRWE3 .
U-F CONS=FLRGAR H=12 W=18 TILT=180 ..

STAIRE15=SPACE  S-C=STAIR V=102680 A=216 N-OP=0.1 N-Z-H=75
INF-CFMW/SQFT=1.21 ..
E-W CONS=B-WALL H=475 W=18 AZ=00 ..
E-W CONS=B-WALL H=47.5 W=12 AZ=0 ..
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=5
W CONS=IMFL A=218 +W-TYPE=AIR N-T=STAIREG3 ..
U-F CONS=FLRGAR H=12 W=18 TILT=180 ..

ABC2=SPACE S-C=APTMT V=38016 A=4752 N-O-P=9 N.Z-H=85

INF-CFWSQFT=.09 FUNCTION=("NONE®,*VENT") ..

E-W CONS=BWALL H=0.5 W=28 AZ=270 ..

W!I  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 ..

E-W CONS=B-WALL H=05 W=120 AZ=180 ..

W1  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=8 M=2

E-W CONS=S-WALL H=9.5 W=84 AZ=180 ..

W1 G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=6
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 L.-F.B=-275 L-F-H=9.5 L-F.D=4
R-F-A=4 R-F-B=-2.75 R-F-H=9.5 R-F-D=4 ..

E-W CONS=B-WALL H=0.5 W=28 AZ=90 ..

W| G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .

1'W  CONS=I2.WALL H=9.5 W=156 N.T=COR2 ..

W  CONS=11-WALL H=9.5 W=24 N.T=STAIRW1S ..

I'W CONS=CLG A=4752 TILT=0 N-T=ABC3S5 ..

W CONS=FLRG1 A=4752 TILT=180 N-T=GARGEW ..

W  CONS=R2.WALL H=8.5 W=224 LW-TYPE=INTERNAL ..

NE2=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=85
INF-CFWSQFT=.00 ..
W CONS=R-WALL H=9.5 W=94 N-T=COR2..
LW CONS=I1-WALL H=0.5 W=13 N-T=STAIRE15 ..
E-W CONS=B-WALL H=9.5 W=15 AZ=60 ..
E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..



E-W CONS=S-WALL H=05 W=42 AZ=0 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=3
OH-A=4 OH-B=2.75 OH.W=14 OH-D=4 OH-ANG=90
LF-A=4 LF-B=-275 LF-H=905 L-F-D=4
RF-A=4 R-F-B=-275 RF-H=0.5 RFD=4 ..

W CONS=CLG A=1704 TILT=0 N-T=NE35 ..

I'W CONS=FLRG1 A=1704 TILT=180 N-T=GARGEE ..

W  CONS=R-WALL H=9.5 W=58 FW-TYPE=INTERNAL ..

NW2=SPACE S-C=APTMT V=13832 A=1704 N-O-P=3 N.-Z-H=8S

INF-CFM/SQFT=.00 ..

EW CONS=B-WALL H=0.5 W=15 AZ=270 ..

W CONS=I1-WALL H=8.5 W=13 N-T=STAIRW1S ..

W CONS=R-WALL H=9.5 W=66 N-T=COR2 ..

W CONS=R-WALL H=0.5 W=28 N-T=ELV2 ..

EW CONS=B-WALL H=9.5 W=38 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

E-W CONS=S-WALL H=9.5 W=42 AZ=0 .,

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=3
OH-A=4 OH-B8=2.75 OH-W=14 OH-D=4 OH-ANG=980
LF-A=4 LF-B=-275 L-F-H=0.5 L-F-D=4
R-F-A=4 R-F-B=-2.75 RF-H=9.5 R-F-D=4 ..

W CONS=CLG A=1704 TILT=0 N-T=NW35 ..

W CONS=FLRG1 A=1704 TILT=180 N-T=GARGEW ..

W CONS=RWALL H=9.5 W=58 {W.TYPE=INTERNAL ..

ELV2=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.5
F-W=100 N-Z-H=85 INF.-CFMW/SQFT=.29
W  CONSSR-WALL H=90.5 W=24 N.-T=COR2 ..
EW CONS=B-WALL H=0.5 W=24 AZ=0 ..
W CONS=CLG A=512 TILT=0 N-T=ELV35 ..
W CONS=FLRG1 A=512 TILT=180 N-T=ELV1 ..

COR2=SPACE S-C=EHAL1 V=6240 A=780 N-O-P=0.5
INF-CFWSQFT=.028 ..
W CONS=I1-WALL H=0.5 W=5 N.T=STAIRW1S ..
W CONS=1-WALL H=0.5 W=5 N-T=STAIRE1S ..
W  CONS=CLG A=780 TLT=0 N-T=COR3S5 ..
W CONS=FLRG1 A=780 TILT=180 N-T=GARGEE ..

ABC3S=SPACE S-C=APTMT V=380168 A=4752 N-O-P=9 N-Z.H=85

F-M=3 INF-CFWSQFT=.00 FUNCTION=("NONE",*VENT"}..

E-W CONS=B-WALL H=9.5 W=28 AZ=270 ..

Wi G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .

EW CONS=B-WALL H=9.5 W=120 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=6 M=2 ..

E-W CONS=SWALL H=0.5 W=84 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=8
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-275 L.F-H=0.5 LF-0=4
R-F-A=4 RF-B=-275 RF-H=9.5 RF-D=4 ..

E-W CONS=B-WALL H=0.5 W=28 AZ=90 ..

Wil G-TSREG-WIN S-SCH=SHADE-SCH H=4 W=4 ..

W CONSsR2.WALL H=0.5 W=158 N-T=COR3S ..

I-'W  CONS=I1-WALL H=0.5 W=24 N-T=STAIRW1S5 ..

W  CONS=CLG A=4752 TILT=0 -W.TYPE=ADIABATIC ..

W CONS=IR2-WALL H=9.5 W=224 W-TYPE=INTERNAL ..

NE35=SPACE SC=APTMT V=13832 A=1704 N-O-P=3 N-Z-H=65

F-M=3 INF-CFM/SQFT=.00 .. .

W CONS=I2-WALL H=9.5 W=94 N-T=COR3S ..

W CONS=I1-WALL H=9.5 W=13 N-T=STAIRE1S ..

E-W CONS=B-WALL H=9.5 W=15 AZ=00 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

E-W CONS=S-WALL H=9.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH.D=4 OH-ANG=90
LF-A=4 L.F-8=-2.75 LFH=05 LFD=4
RF-A=4 R-F-B=-2.756 RF-H=05 RFD=4 ..

W CONS=CLG A=1704 TILT=0 W- =ADIABATIC ..

W  CONS=R-WALL H=8.5 W=58 W.TYPE=INTERNAL ..

NW35=SPACE S-C=APTMT V=13632 A=1704 N-O-P=3 N-Z-H=65

F-M=3 INF-CFW/SQFT=.00 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 ..

W CONS=it-WALL H=9.5 W=13 N.T=STAIRW1S ..

W CONS=R.WALL H=9.5 W=84 N-T=COR3S ..

EW  CONS=B-WALL H=0.5 W=38 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .,

E-W CONS=SWALL H=0.5 W=42 AZ=0 ..

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
LF-A=4 L-F-B=-275 L-F-H=9.5 L-F.D=4
RF-A=4 RF-B=-2.75 RF-H=0.5 RF-D=4 ..

W CONS=CLG A=1704 TILT=0 W.TYPE=ADIABATIC ..

W  CONS=R.-WALL H=9.5 W=58 W-TYPE=INTERNAL ..

ELV35=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.5 F-W=100
N-Z-H=65 F-M=3 INF-CFWSQFT=.27 ..
W  CONS=I2-WALL H=0.5 W=24 N-T=COR35 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=0 ..




W CONS=CLG A=512 TILT=0 LW-TYPE=ADIABATIC ..

COR35=SPACE S-C=EHAL2 V=6240 A=780 N-OP=05
INF-CFMW/SQFT=.028 F-M=3 ..
W  CONS=I{.WALL H=05 W=5 N-T=STARW15 ..
W CONS=H-WALL H=0.5 W=5 N-T=STARE1S ..
LW CONS=CLG A=780 TWLT=0 FW-TYPE=ADIABATIC ..

ABCE2=SPACE S-C=APTMT V=34844 A=438 N.O-P=8 N-Z-H=18.33

F-M=6 INF-CFMW/SQFT= 00 FUNCTION=("NONE®,"VENT") ..

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=05 W=06 AZ=18C .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=6 M=2 ..

E-W CONS=S-WALL H=0.5 W=84 AZ=180 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6 7S W=6 M=6
OH-A=4 OH-B=275 OHW=14 OH4-D=4 OH-ANG=90
L-F-A=4 L-F-B=.275 LF-H=85 LFD=4
R-F-A=4 R-F-B=-275 R-F-H=05 RF-O=4 ..

E-W CONS=B-WALL H=8.5 W=28 AZ=60 .

LW  CONS=I2.WALL H=05 W=156 N-T=CORS2 .

W  CONS=CLG A=4388 TILT=0 W-TYPE=ADIABATIC ..

LW CONS=[2-WALL H=9.5 W=188 W-TYPE=INTERNAL .

NEG2=SPACE S-C=APTMT V=136832 A=1704 N-O-P=3 4-Z.H=1833

F-M=68 INF-CFWSQFT=.00 ..

W  CONS=I2-WALL H=05 W=28 N-T=ELVS2 ..

LW CONS=I2-WALL H=905 W=08 N-T=CORS2

W CONS=I1-WALL H=85 W=13 N-T=STARES3 ..

EW CONS=B-WALL H=05 W=15 AZ=60 .

E-W CONS=8-WALL H=95 W=38 AZ=0 _

Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 ..

E-W CONS=S-WALL H=0.5 W=42 AZ=0 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=875 W=6 M=3
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=80
LF-A=4 L-F-B=275 LFH=95 LFD=4
R-F-A=4 R-F-B=275 RFH=05 RF-D=4 ..

W  CONS=CLG A=1704 TLT=0 FW-TYPE=ADIABATIC ..

W CONS=12-WALL H=0.5 W=58 LW.TYPE=INTERNAL ..

NWE2=SPACE S-C=APTMT V=13632 A=1704 N-O-P=2N-Z-H=18.33

F-M=6 INF-CFWSQFT=.00 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 .

W CONSSI1-WALL H=0.5 W=13 N-T=STARWS3 ..

W CONS=[2-WALL H=9.5 W=08 N-T=CORS2 ..

W CONS=R-WALL H=9.5 W=28 N.-T=ELve2 .

E-W CONS=B-WALL H=0.5 W=38 AZ=0 .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3

E-W CONS=SWALL H=05 W=42 AZ=0 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=8.75 W=6 M=3
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L-F-B=-275 LFH=05 LF-D=4
R-F-A=4 RF-B=275 RF-H=95 RF-D=4 ..

W CONS=CLG A=1704 TILT=0 IIW-TYPESADIABATIC ..

W CONS=R-WALL H=85 W=58 LW-TYPE=INTERNAL

ELVE2=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=05 F-W=100
N-Z-H=18.33 F-M=8 NF-CFIWWSCFT=.19
W  CONS=12.WALL H=0.5 W=24 N-T=CORS2 ..
E-W CONS=B-WALL H=05 W=24 AZ=0 .
W  CONS=CLG A=512 TILT=0 FW-TYPE=ADIABATIC .

COR62=SPACE S-C=EHAL2 V=6240 A=780 N-O-P=05
INF-CFW/SQFT=.028 F-M=8 .
LW CONS=I1-WALL H=95 W=5 N.T=STARWE3 ..
W CONS=I1-WALL H=05 W=5 N-T=STARES3 ..
LW  CONS=CLG A=780 TILT=0 FW-TYPE=ADIABATIC ..

STAIRWEB3=SPACE S-C=STAR V=18418 A=218 N-O-P=01 N-Z-H=10
INF-CFWSQFT=1.61 ..
EW CONS=8B-WALL H=76 W=18 AZ=270 .
E-W CONS=B-WALL H=76 W=12 AZ=180 .
E-W CONS=B-WALL H=76 W=12 AZ=0 .
Wl  G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 ..
W CONS=IMFL A=218 FW.TYPE=AIR N-T=STARRW14 .

STAIRE63=SPACE  S-C=STAIR V=18418 A=216 N-O-P=01 N-Z-H=10
INFCFWSQFT=1.61 ..
E-W CONS=B-WALL H=76 W=12 AZ=180 .
E-W CONS=B-WALL H=76 W=18 AZ=00 .
E-W CONS=B-WALL H=78 W=12 AZ=0
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=8 ..
W  CONS=IMFL A=218 W-TYPE=AIR N-T=STARE14 ..

ABC11=SPACE S-C=APTMT V=34044 A=4368 N-O-P=7 N-Z-H=5

INF-CFWSQFT=.00 FUNCTION={"NONE",*VENT"} ..

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=0.5 W=908 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=6 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=6 M=2 .

E-W CONS=S-WALL H=0.5 W=84 AZ=180 ..

Wl  G-T=SL-WIN S-SCH=SHADE-SCH H=475 W=8 M=8
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=90



NE11=SPACE

NW11=SPACE
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L-F-A=4 L-FBx275 L-FH=0.5 LF-D=4
R-F-A=4 R+B=-275 RF-H=0.5 RFD=4 ..
E-W CONS=B-WALL H=0.5 W=28 AZ=00 ..
W  CONS=R-WALL H=0.5 W=158 N-T=COR11 ..
W CONS=CLG A=4308 TILT=0 |IW-TYPE=ADIABATIC ..
W  CONS=R2.WALL H=0.5 W=168 -W.TYPE=INTERNAL ..

S-C=APTMT V=13832 A=1704 N-O-P=3 N-ZH=$

INF-CFWSQFT=.00 ..

W CONS=RWALL H=0.5 W=28 N-T=ELV11 ..

W CONS=R2-WALL H=0.5 W=68 N-T=CORI1 ..

W CONS=I-WALL H=90.5 W=13 N-T=STAIRES3 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=90 ..

E-W CONS=B-WALL H=0.5 W=38 AZ=0 ..

W1 G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

E-W CONS=S-WALL H=9.5 W=42 AZ=0 ..

Wi G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=3
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=90
LF-A=4 LFB8=275 LF-H=9.5 LF-D=4
R-F-A=4 RF-B=-2.75 RF-H=9.5 RF-D=4 ..

W CONS=CLG A=1704 TLT=0 LW-TYPESADIABATIC ..

W  CONS=R2-WALL H=0.5 W=58 I W-TYPE=INTERNAL ..

S-C=APTMT V=4544 A=568 N-O-P=1 N-Z.H=S$
INF-CFWSQFT=.00 ..

E-W CONS=B-WALL H=0.5 W=15 AZ=270 ..

W CONS=I1-WALL H=0.5 W=13 N-T=STAIRWES3 ..

W  CONS=R2-WALL H=0.5 W=22 N-T=COR11 ..

W CONS=R-WALL H=9.5 W=28 N-T=OFC11 ..

E-W CONS=B-WALL H=0.5 W=12 AZ=0 .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 ..

E-W CONS=SWALL H=9.5 W=14 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 L-F8=-275 LFH=0.5 LF-D=4
RF-A=4 RFB=-275 RF-H=9.5 RF-D=4 ..

W CONS=CLG A=5868 TILT=0 W-TYPE=ADIABATIC ..

OFC11=SPACE S-C=OFFICE V=0088 A=1138 N-O-P=5 N-Z.-H=35

INF-CFW/SQFT=.00 ..

W CONS=R-WALL H=0.5 W=44 N-T=COR11 ..

FW CONS=R-WALL H=0.5 W=28 N-T=ELV11 ..

E-W CONS=B-WALL H=0.5 W=24 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 ..

E-W CONSSSWALL H=9.5 W=28 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=2
OH-Az4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=00
L-F-A=4 LFB=-275 LF-H=0.5 L-F-D=4
R-F-A=4 RF-B=-275 RF-H=9.5 RF-D=4 ..

W  CONS=CLG A=1138 TILT=0 IW. =ADIABATIC ..

W  CONS=IR2.WALL H=9.5 W=28 W-TYPE=INTERNAL ..

ELV11=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.

N-ZH=$ F-W=1mlNF—CFWSQFI' Al
FW CONS=R-WALL H=9.5 W=24 N.T=COR11 .
E-W CONS=B-WALL H=9.5 W=24 AZ=0 ..
LW CONS=CLG A=512 TILT=0 W-TYPE=ADIABATIC ..

COR11=SPACE S-C=EHAL2 V=6240 A=780 N-O-P=0.5

SW13=SPACE

SE13=SPACE

INF-CFWSQFT=.026 ..
W CONS=I1.-WALL H=0.5 W=5 N-T=STAIRWS3 ..
W  CONS=I{-WALL H=8.5 W=5 N-T=STAIRES3 ..
W CONS=CLG A=780 TWLT=0 I-W-TYPESADIABATIC ..

S-C=APTMT V=0088 A=1138 N-O-P=2 N-Z-H=-25

INF-CFWSOFT=.00 FUNCTION=("NONE®*,*"VENT") ..

E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..

E-W CONS=B-WALL H=0.5 W=24 AZ=180 ..

Wil G-TSREG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 .

E-W CONS=S-WALL H=0.5 W=28 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=2
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=80
L-F-A=4 LFB=-275 LF-H=0.5 L-F-D=4
R-F-A=4 RF-B=-275 RF-H=9.5 RFD=4 ..

W CONS=R-WALL H=0.5 W=28 N-T=ACTRM13 ..

I-'W  CONS=R-WALL H=0.5 W=44 N-T=COR13 ..

ROOF CONS=ROF1 H=44 W=28 TILT=0 GND-REFLECTANCE=0 ..

W CONS=R-WALL H=9.5 W=28 W-TYPE=INTERNAL ..

S-C=APTMT V=0088 A=1138 N-O-P=2 N-Z-H=-25

INF.-CFM/SQFT=,00 FUNCTION=("NONE",*VENT") ..

W CONSSRWALL H-0.5 W=28 N-T=ACTRM13 ..

E-W CONS=B-WALL H=0.5 W=24 AZ=180 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 ..

E-W CONS=S-WALL H=0.5 W=28 AZ=180 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=2
OH-A=4 OH-B=275 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LF-B=-275 L-F-H=90.5 L.F-D=4
R-F-A=4 RF.B=-275 RFH=0.5 R-F-D=4 ..

E-W CONS=B-WALL H=9.5 W=28 AZ=90 ..

W CONS=R-WALL H=0.5 W=44 N-T=CORI3 ..

ROOF CONS=ROF1 H=44 W=28 TILT=0 GND-REFLECTANCE=0 ..

W  CONSSR-WALL H=0.5 W=28 FW.TYPE=INTERNAL ..
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NE13=SPACE S-C=APTMT V=13632 A=1704 N-O-P=3 N-Z-H=-25

INFCPWSQFT=.00 ..

W CONS=IR2-WALL H=9.5 W=28 N-T=ELV13 ..

W CONS=I2-WALL H=0.5 W=06 N-T=COR13 ..

W CONS=I1.WALL H=0.5 W=13 N-T=STARES3 ..

E-W CONS=B-WALL H=90.5 W=15 AZ=80 .

E-W CONS=B-WALL H=0.5 W=238 AZ=0 .

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=3 .

E-W CONS=S-WALL H=0.5 W=42 AZ=0 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=6 M=2
OH-A=4 OH-B=2.75 OH-W=14 OH-D=4 OH-ANG=60
L-F-A=4 LF-8=-275 LF-H=95 LF-D=4
R-F-A=4 RF-B=-275 R-F-H=95 RF-D=4 ..

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=4 W=8 ..

ROOF CONS=ROF1 H=86 W=28 TILT=0 GNO-REFLECTANCE=0 ..

W  CONS=R-WALL H=0.5 W=58 'W-TYPE=INTERNAL ..

NW13=SPACE S-C=APTMT V=0088 A=1138 N-O-P=2 N-Z-H=-25

INF-CFWSQFT=.00 ..

E-W CONS=B-WALL H=8.5 W=15 AZ=270 ..

W CONS=I1-WALL H=85 W=13 N-T=STAIRWE3 ..

W CONS=12.WALL H=0.5 W=44 N-T=COR13 .

W CONS=R2-WALL H=05 W=28 N-T=LNDRY13 ..

E-W CONS=B-WALL H=90.5 W=24 AZ=0 ..

Wl G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 M=2 .

E-W CONS=SWALL H=8.5 W=28 AZ=0 .

Wl G-T=SL-WIN S-SCH=SHADE-SCH H=6.75 W=8 M=2
OH-A=4 OH-8=275 OH-W=14 OH-D=4 OH-ANG=90
L-F-A=4 LFB=-275 LF-H=95 LFD=4
R-F-A=4 RF-B=-275 RF-H=9.5 RFD=4 ..

ROOF CONS=ROF1 H=44 W=28 TILT=0 GND-REFLECTANCE=0 .

W CONS=R2-WALL H=0.5 W=28 LW.TYPE=INTERNAL ..

ACTRM13=SPACE  S-C=ACTIVITY V=19040 A=1904 N-O-P=8 N-Z.-H=-25
INF-CFWSQFT=.00 ..
E-W CONS=B-WALL H=2 W=28 AZ=90 .
E-W CONS=B-WALL H=2 W=28 AZ=270 ..
E-W CONS=B-WALL H=11.5 W=68 AZ=180 ..
Wl G-T=REG-WIN S-SCH=SHADE-SCH H=6 W=3 M=10 ..
Wi G-T=REG-WIN S-SCH=SHADE-SCH H=6 W=4 M=2 ..
W CONS=2.WALL H=9.5 W=68 N-T=COR13 ..
E-W CONS=B-WALL H=2 W=68 AZ=0 ..
ROOF CONS=ROF1 H=68 W=28 TILT=0 GND-REFLECTANCE=0 ..

LNDRY13=SPACE  S-C=LAUND V=4928 A=8618 N.O-P=0.5 N-Z-H=-25
INF-CFWSQFT=.00 ..
LW  CONS=RWALL H=9.5 W=22 N-T=COR13 ..
W  CONS=R-WALL H=9.5 W=28 N-T=ELV13 ..
E-W CONS=B-WALL H=95 W=22 AZ=0 .
Wi G-T=REG-WIN S-SCH=SHADE-SCH H=4 W=4 .
Wl G.T=REG-WIN S-SCH=SHADE-SCH H=4 W=8 .
ROOF CONS=ROF1 H=22 W=28 TILT=0 GND-REFLECTANCE=0 ..

ELV13=SPACE S-C=EHAL1 V=6384 A=672 N-O-P=0.5
N-Z-H=-25 F-W=100 INF-CFWSQOFT=.08
W  CONS=12.WALL H=8.5 W=24 N-T=COR13 .
E-W CONS=B-WALL H=8.5 W=24 AZ=0 ..
W CONS=CLG A=512 TLT=0 -W-TYPE=ADIABATIC ..

COR13=SPACE S-C=EHAL1 V=6240 A=780 N-O-P=0.5
INF-CFM/SQFT=.028 ..
W CONS=I11-WALL H=9.5 W=5 N-T=STAIRWE3 ..
W CONS=I1-WALL H=9.5 W=5 N-T=STAIREE3 ..
ROOF CONS=ROF1 H=156 W=5 TILT=0 GND-REFLECTANCE=0 ..

ELV14=SPACE S-C=EHAL2 V=6384 A=672 N-O-P=0.01
N-ZH=-35 F-W=100 INF-CFM/SQFT=.11
E-W CONS=B-WALL H=0.5 W=28 AZ=270 ..
E-W CONS=B-WALL H=0.5 W=24 AZ=180
DOOR CONS=SDR H=8.76 W=3 ..
€W CONS=B-WALL H=0.5 W=28 AZ=00
E-W CONS=B-WALL H=0.5 W=24 AZ=0 .
ROOF CONS=ROF1 H=24 W=28 TiLT=0 GND-REFLECTANCE=0 ..

STAIRW14=SPACE S-C=STAIR V=2052 A=216 N-O-P=0.01 N-Z-H=-35
INF-CFWSQFT=.00 ..
E-W CONS=B-WALL H=0.5 W=18 AZ=270 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=180 ..
E-W CONS=B-WALL H=0.5 W=18 AZ=80 ..
DOOR CONS=SDR H=8.75 W=3 ..
E-W CONS=B-WALL H=0.5 W=12 AZ=0 .
ROOF CONS=ROF1 H=18 W=24 TILT=0 GND-REFLECTANCE=0 .

STAIRE14=SPACE  S-C=STAIR V=2052 A=218 N-O-P=001 N.Z-H=35
INF-CFW/SQFT=.08 ..
E-W CONS=B-WALL H=9.5 W=18 AZ=270 ..
DOOR CONS=SDR H=8.75 W=3 .
E-W CONS=B-WALL H=9.5 W=12 AZ=180 ..
E-W CONS=B-WALL H=8.5 W=18 AZ=80
EW CONS=B-WALL H=90.5 W=12 AZ=0 ..
ROOF CONS=ROF1 H=18 W=24 TILT=0 GND-REFLECTANCE=0 ..
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SYS-NE62=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE62) ..

SYS-NWB2=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-ARR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW62) ..

SYS-AC11=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(ABC11,ELV11,COR11) ..

SYS-NE11=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE11) ..

SYS-NW11=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW11) ..

SYS-OF11=SYSTEM S-TYPE=PTAC MAX-S-T=100 MIN-S-T=55 H-SCH=HTOFC
C-SCH=ACOFC HEAT-SOURCE=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(OFC11) ..

SYS-SW13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(SW13) ..

SYS-E13=SYSTEM S-TYPE=RESYS S-C=S-CTRL. S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
BASEB-S=ELECTRIC HEAT-SOURCE=ELECTRIC ZONE-NAMES=(ELV13) ..

SYS-C13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(COR13) ..

SYS-SE13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR SFANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(SE13,ELV14,STAIRW14,STAIRE14) ..

SYS-NE13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NE13) ..

SYS-NW13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EQ=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(NW13) ..

SYS-AT13sSYSTEM S-TYPE=PTAC MAX-S-T=100 MIN-S-T=55 H-SCH=ATACT
C-SCH=HCACT HEAT-SOURCE=ELECTRIC BASEB-S=ELECTRIC
ZONE-NAMES=(ACTRM13) ..

SYS-LD13=SYSTEM S-TYPE=RESYS S-C=S-CTRL S-A=S-AIR S-FANS=S-FN S-EG=S-EQPT
HEAT-S=ELECTRIC BASEB-S=ELECTRIC ZONE-NAMES=(LNDRY13) ..

END ..
COMPUTE SYSTEMS ..

INPUT PLANT ..
PLANT-REPORT S=(PS-APS8)..

WHR=P.E  TYPE=ELEC-DHW-HEATER SZE=.368 ..
SRPTSCH=SCH THRU DEC 31 (ALL) (1,24) (1) ..
SOUT-1=R-B V-T=PLANT V-L=(10) ..

$HR-RPT=H-R R-SCH=RPTSCH R-B={OUT-1) ..

END ..
COMPUTE PLANT ..

STOP ..
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APPENDIX C: Margolis Building COMIS Results




Margolis Building Air Flows

All cfm on a per Apartment basis

Average Apartment Volume =6160 ft*3

Windward delta T(k): 0
delta T (F): 0 OAT (F): 75
Floor }v=0mph,0 knots ACH |[v=9 mph,8 knots ACH |v=18mph,15.5 knots ACH
(kg/hr) {ctm) {ach) (kg/hr) (cfm) {ach) (kg/hr) {ctm) {ach)
2 0 0 0 50 24.5 0.2 120 58.8 0.6
3 0 0 0 45 22.0 0.2 118 57.8 0.6
4 0 0 0 49 24.0 0.2 120 58.8 0.6
5 0 0 0 55 26.9 0.3 126 61.7 0.6
6 0 0 0 66 32.3 0.3 137 67.1 0.7
7 0 0 0 68 33.3 0.3 152 74.5 0.7
8 0 0 0 73.5 36.0 0.4 160 78.4 0.8
9 0 0 0 74 36.3 0.4 170 83.3 0.8
10 0 0 0 75 36.7 0.4 180 88.2 0.9
11 0 0 0 75 36.7 0.4 185 90.6 0.9
12 0 0 0 74 36.3 0.4 170 83.3 0.8
13 0 0 0 73.5 36.0 0.4 158 77.4 0.8
Leeward delta T{k): (o}
defta T (F): 0 OAT (F): 75
Floor |v=0mph,0 knots ACH |v=9mph,8 knots ACH }v=18mph,15.5 knots ACH
{kg/hr) {ctm) {ach) {kg/Mmy) {cfm]) (ach) {(kg/tw) {cfm) {ach)
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 o 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 o 0
11 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0
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Margolis Building Air Flows

All cfm on a per Apartment basis

Average Apartment Volume=6160 ft*3

Windward delta Tik): 20
delta T (F): 36 OAT (F): 39
Floor |v=0mph,0 knots ACH }v=9 mph,8 knots ACH |v=18mph,15.5 knots ACH
(kg/hr) {cfm) {ach) {kg/hr) {cfm) {ach) _{kg/hr) {cfm) {ach)
2 100 49.0 0.5 117 57.3 0.6 170 83.3 0.8
3 92 45.1 0.4 111 54.4 0.5 163 79.9 0.8
4 83 40.7 0.4 105 51.4 0.5 162 79.4 0.8
5 80 39.2 0.4 104 50.9 0.5 168 82.3 0.8
6 68 33.3 0.3 100 49.0 0.5 172 84.3 0.8
7 56 27.4 0.3 97 47.5 0.5 175 85.7 0.8
8 46 22.5 0.2 93 45.6 0.4 181 88.7 0.9
9 37 18.1 0.2 90 . 44.1 0.4 183 89.7 0.9
10 18 8.8 0.1 84 41.2 0.4 186 91.1 0.9
11 0 0.0 0.0 80 39.2 0.4 183 89.7 0.9
12 0 0.0 0.0 60 29.4 0.3 168 82.3 0.8
13 0 0.0 0.0 43 21.1 0.2 156 76.4 0.7
Leeward delta T(k): 20
delta T (F): 36 OAT (F): 39
Floor v =0mph,O knots ACH Jv=9 mph,8 knots ACH |v=18mph,15.5 knots ACH
(kg/hw) {cfm) (ach) | _(kg/hr) {cfm) {ach) {kg/r) {cfm) {ach)
2 106 51.9 0.5 .94 46.1 0.4 61 29.9 0.3
3 100 49.0 0.5 88 43.1 0.4 52 25.5 0.2
4 94 46.1 0.4 80 39.2 0.4 30 14.7 0.1
5 88 43.1 0.4 90 44.1 0.4 18 8.8 0.1
6 75 36.7 0.4 56 27.4 0.3 4 2.0 0.0
7 66 32.3 0.3 44 21.6 0.2 0 0.0 0.0
8 56 27.4 0.3 37 18.1 0.2 0 0.0 0.0
9 43 21.1 0.2 8 2.9 0.0 0 0:0 0.0
10 25 12.2 0.1 0 0.0 0.0 0 0.0 0.0
11 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
12 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
13 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0




Margolis Building Air Flows

All ¢fm on a per Apartment basis

Average Apartment Volume=6160 ft~3

Windward deita T(k): 40
delta T (F): 72 QAT (F): 3

Floor |v=0mph,0 knots ACH ]v=9 mph,8 knots ACH {v=18mph,15.5 knots ACH

{(kg/r) {cfm) {ach] {(kgAw) (cfm) {ach) {kg/hr) {cfm) {ach}

2 163 75.0 0.7 175 85.7 0.8 218 106.8 1.0
3 146 71.5 0.7 166 76.4 0.7 208 101.9 1.0
4 137 67.1 0.7 152 74.5 0.7 203 99.4 1.0
5 120 58.8 0.6 147 72.0 0.7 204 99.9 1.0
6 108 52.9 0.5 137 67.1 0.7 206 100.9 1.0
7 93 45.6 0.4 125 61.2 0.6 204 99.9 1.0
8 81 39.7 0.4 118 57.8 0.6 204 99.9 1.0
9 56 27.4 0.3 106 51.9 0.5 203 99.4 1.0
10 31 15.2 0.1 91 44.6 0.4 202 99.0 1.0
11 0 0.0 0.0 81 39.7 0.4 194 95.0 0.9
12 0 0.0 0.0 46 22.5 0.2 160 78.4 0.8
13 0 0.0 0.0 6 2.9 0.0 144 70.5 0.7

Leeward deita Tik): 40
deita T (F): 72 OAT (F): 3

Floor {v=0mph,0 knots ACH |v=9 mph,8 knots ACH {v=18mph,15.5 knots ACH
(kg/hr) {cfm) (ach) (kg/hr) {cfm) (ach} {kg/hr} {cfm) {ach)

2 168 82.3 0.8 156 76.4 0.7 129 63.2 0.6
3 156 76.4 0.7 140 68.6 0.7 114 55.8 0.5
4 180 88.2 0.9 135 66.1 0.6 106 51.9 0.5
S 135 66.1 0.6 120 58.8 0.6 81 39.7 0.4
8 112 54.9 0.5 102 50.0 0.5 56 27.4 0.3
7 102 50.0 0.5 81 39.7 0.4 24 11.8 0.1
8 80 39.2 0.4 62 30.4 0.3 0 0.0 0.0
9 60 29.4 0.3 30 14.7 0.1 0 0.0 0.0
10 30 14.7 0.1 0 0.0 0.0 0 0.0 0.0
11 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
12 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
13 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
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columns s

1)
3)
3)
4)
S)
6)

storey

all flow into shafts (not divided by 13)
all flow out of shafts (not divided by 13)
supply air flow (not divided by 13)

Mon Oct 4 12:09:32 1993

C-5

facade wind ward side for one wind ward unit
corridor door for one wind ward unit
exhaust shaft for one wind ward unit

facade lee ward side
corridor door

exhaust shaft

Zero might mean flow is in oppoeite dirxection, for flowe please see
the drawing supplied with the original set of graphe.

v=0, dt = 20X

floor shafts out facade
| t !
| shafts in ?upply
| | 1
2 0. -565. 0. io1.
3 0. -519. 0. 93.
‘ 200 -484a 0- 850
S §52. -468. 0. 77.
6 80. =~451. 0. 69.
7 101. -43&4. 0. 59.
8 119. -418. 0. 49.
9 127. -411. 0. 35,
10 148. -390. 0. 30.
11 187. =345. 37. 0.
12° 216. -305. 125. 0.
13 240. =269. 209. 0.
v 4, 4t = 20 X
2 38. -608. 0. 119.
-3 8. ~-593. 0. 111.
4 92. =5717. 0. 105.
-3 111. -564. 0. 102.
6 129. -549. 0. 98,
17 146. -534. 0. 9d.
8 162. -519. 0. 91.
9 17¢. =507. 0. 8S.
10 188. -493. 0. 81.
11 2030 -‘76‘ 73. 730
12 224. -451. 126. S8.
13 246. -423. 168. 39.
v 8, dt = 20 X
2 155. -790. 0. 175.
3 183. -~768. 0. 167.
4 210. -74¢4. 0. 16S.
-3 221, -733. 0. 171.
(3 228. -726. 0. 177.
7 234. -721. 0. i81.
8 236. -718. 0. 186.
9 239. -716. 0. 188.
10 239. -718. 0. 191.
11 245, -7089. 0. 189.
12 260. -693. 26. 171.
13 278. -674. 65. 154.

windw.

doot
|
-63.
-S8.
-52.
-46.
~40.
~-34.
-37.
-18.
-8.
6.
14.
21.
‘79‘
-74.
=70.
-68.
-66.
-64.
-61.
~-S8.
-85,

exhaust

i

: facads.

|

-38.  106.
‘3‘0 98.
-34. 89.
-31. 81.
-28. 65.
-25. $9.
-23. 49.
-18. 35.
-13. 20.

0. 0.

0. 0.

0. 0.
-40. 93.
-37. 85.
-35. 7.
-34. 67.
-32. S4.
-31. 42.
-39. 27.
-27. S.
-25. 0.
-22. 0.
-16. 0.
-5. 0.
=46. 60.
=43 49.
-42. 30.
-44. 16.
-45. 3.
-46. 0.
~-48. 0.
-48. 0.
~-49. 0.
~-48. 0.
-43. 0.
-37. 0.

46.

71.
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APPENDIX D: Margolis Building BECo Utility Costs




Cheless Margolis BECO Utiiky Charges

CHELSEA No. of |Consumption Demend |Coneervation Charge Basia  |Coneumption Charges Demand Cherges Fuel PF PF Total
MARGOUS Biling Pesk Oft-Pesk Pesk Pesk Oftt Pesk Pesk Oft-Pesk | Charge | Nov-June | 11-8 July-Oot 7-10 Nov-June July-Oct Charge Charge Charge
Biing Period Daye Peak Off-Peak Pesk Off-Pesk twlo PF)
{date) {lewh) {kewh) {KW) {$) ($) {8kwh) | {8/kwh) {¢) (87wh) | (8/kwh) | {$/kwh) | (8/kwh) {8/kW) {$/kW) flowh) | (KW/KVA) (3] (O]
121390 - 18N 35 130,544 | 185,310 580.4 ] [ [ 1] 20.07 0.02820 | 0.00805 9.329997 0.04007 o (1] 23,328.97
116/91 - 2/12/91 28 93,222 | 141,384 001 [} 0 [ (4] 20.67 0.02926 | 0.00805 9.33 0.03524 [} [ 17,668.11
21291 - AN 30 103,011 | 153,402 $50.08 [ [} o [ 20.07 0.02820 | 0.00905 9.320993 0.02057 0 0 16,120.58
31391 - 4NN 30 76,000 | 115,147 418.5 o [} ] [} 20.67 0.02820 | 0.00805 9.330012 0.02057 [ [} 12,2213
A4/11791 - 511391 33 05,343 56,404 336.9 0 0 0 [ 20.67 0.02826 | 0.00005 9.330009 0.03733 [ o 11,859.70
S/13/91 - 613N 32 42,213 53,354 201.4 0 0 [} [} 20.67 0.026826 { 0.00905 9.32999 0.03753 [ 0 7,108,860
6/13/9t - 7/15/81 33 30,988 51,154 182 [ [ [] [} 20.08 0,02904 | 0.00019 16.87 0.02011 | 0.9037 [ 7,323,47
7/15/91 - 6/15/91 32 38,444 45,492 1631 0 ] ] o 20.08 0.02904 | 0.00619 18.870012 | 0.03%86 | 0.8717 108 751473
8/15/91 - 8110/ a3 30,587 50,412 170.1 [} [} [ [ 20.08 0.02904 | 0.00019 18.670012 | 0.03588 | 0.8777 6o 7.733.49
9/10/91 . 10115/8% 30 44,114 63,420 267.3 o (] [} (] 20.68 0.02004 | 0.00019 18.87 0.03590 | 0.9509 [ 10,005.19
10/15/91 - 11191 0 07,493 69,944 307.2 [ [ o o 20.08 0.02826 | 0.00803 9.33001 0.03789 | 0.9708 [ 12,199.65
11/13/91 - 1212191 0 682,285 | 113,456 473.0 0 [} [} 0 20.68 0.02026 | 0.00005 9.330004 0.03799 { 0.9648 [} 15,114.27
12/12/91 - 1/14/92 34 120,338 | 177,348 550.7 0 o 0 (4] 20.68 0.020926 | 0.00805 9.329998 0.03799 | 0.9681 [ 21,351.92
1/14/92 - 2112192 30 123,252 | 185,750 599.4 o [} 0 (] 20.08 0.02826 | 0.00805 9.320997 0.03314 | 0.9917 (] 20,631.00
2/12/92 - 3113192 Nn 105,187 | 151,724 595.1 [ [ [ ] 20.08 0.02626 | 0.00603 9.329995 0.03314 { 0.9903 [ 18,280.95
3/13/92 - 4113192 32 94,375 | 158,013 502.7 o o [} o 20.68 0.026826 | 0.0000% 9.329998 0.02477 | 0.8876 [ 14,934.38
4113192 - SN2 3N 74,677 | 104,302 383.4 [ [ 0 o 20.68 0.02826 | 0.00005 9.32999%5 0.03793 | 0.8654 0 13,339.24
5/13/92 - 6/11/92 30 40,484 00,490 253.9 0 ] 0 (] 20,08 0.02828 | 0.0080% 9.33 0.03793 | 0.9569 [} 8,242.00
0/11/92 . 7114192 34 39,803 49,2067 172.2 Q ° 0 () 20.67 0.02004 | 0.00019 10.870006 | 0.0379) | 0.9407 [ €,219.18
7/14192 - 8/13/82 3 38,19 43,734 163.6 101.7 122,89 | 0.00281 | 0.00281 20.067 0.02904 | 0.00619 18.809968 | 0.03341 | 0.9009 (] 7,324,38
8/13/92 - 9/14/92 33 38,720 54,020 193.9 109,90 151.82 | 0.00281 | 0.00281 20.067 0.02904 | 0.00019 19.86990% | 0.03341 | 0.9273 o 0,492.75
9/14/92 - 10/14/92 3 52,111 08,177 204.8 140.4 183.96 | 0.00281 | 0.00201 20.07 0.02604 | 0.00019 18.870014 | 0.03341 | 0.9078 0 11,760.88
10/14/92 - 1113192 3 73,015 | 104,427 3574 205.17 293.44 | 0.00281 | 0.00281 91.96 | 0.028403 | 0.011209% 10.248688 0.03678 | 0.5648 0 14,439.9%
1113792 - 12/15/92 33 60,848 | 134,898 433.6 227.40 379.34 | 0.0028Y | 0.00201 165.25 | 0.020%9 { 0.01547 11.45 0.03078 | 0.982% [} 16,330.68
12/15/92 - 1714183 N 88,828 | 132,956 422,06 249.01 373.61 | 0.00281 | 0.00281 165.25 | 0.02059 | 0.01547 11.4% 0.03248 | 0.5644 [ 17,447.21
1/14/83 - 2/11/93 29 88,553 | 144,093 518.% 48%,27 702,82 | 0.00549 | 0.00348 | 165.25 | 0.026%9 | 0.01347 11.45 0.03137 | 0.98%% [} 19,452,907
2/11193 - 3/15/93 33 93,017 | 103,009 484.0 514.67 893.20 | 0.00540 | 0.00548 | 185.25 | 0.02839 | 0.01547 11.45 0.0137 0 [} 20,400.46
3/15/93 - A1139I 30 76,953 | 100,497 453.0 432,00 $03.0 0.00348 | 0.00548 | 185.25 | 0.028%9 | 0.01547 11.45 0.03137 | 0.984¢ (] 16,112.57
4/13/93 « 51193 N 47,404 03,730 2%9.2 200.1 349.24 | 0.00546 | 0.00548 | 1685.25 | 0.02639 | 0.01547 11.45 0.03049 | 0.9032 [+ 9,495,083
511193 - 6/1/93 19 21,0879 33,779 199.4 118.8 185,11 0.00540 | 0.00548 104.2 0.026859 | 0.01547 6.440022 0.03049 0.9415 /] 4,525.59
06/1/93 . 6/14/93 14 10,601 20,114 184 $8.09 143.10 0.00648 | 0.00848 0.77 0.040248 | 0,02434 8.73 0.02038 (4] 4] 3,920.39
0/14/93 - 7/1%/93 2 25,430 $7,192 102.4 139.39 313.41 0.00548 | 0.00548 18%.20 0.04077 | 0.01866 20 0.03049 0.8952 20 8,918.05
711593 - 6/16/93 33 25,838 59,225 108 141,59 324.55 | 0.00540 | 0.00540 | 165,20 0.04077 | 0.01880 20 0.03091 | 0.8868 50 8,771.10
8/16/93 - 9/14/93 0 23,613 55,004 182,35 129.4 301.75 0.00548 | 0.00546 185,208 0.04077_ | 0.01880 20 0.02081 0.8973 12 8,799.53
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ABCIIONE ZTYPE<CONDITONED Z-C4CONTROR, SR=131171 .
NE2AZINE  ZTYPEFCONOITIONED ZLzCONTROL B-Rx14%9 ..
TYPECON B-R5G457

g
;
§
i

STAIRW“'ZONE ZT{PESUNGONDITIONED ., 0 ; ]
STAREI40ZONE  ZTYPEXUNCONOITIONED .. - S

$ SYSTEM SUB-COMMANDS §
SCIRLEC  MAX.STI00 MNETESS ,,

SARSA  VENTMETHOD=ARCHANGE VENT-TEMP-SCHaVNTAP ’ SO
NATURALVENTAC# NATURALVENT-SGHIVENTING ., L

SFNeSFANG  SUPLT=00 BHWs00 .. ' . . 6
SECPTASEQ  CLAEN.0 COOL-SHCAPRN0 HCARSD.D CH=00 F-AQD .. :
§ GYSTEMS CESCRITHON 3. . - . e
SYSLBY=SYSTEM STYPERESYS SCRSLTRL SAG-AR SEANSrSFN 5EQRSCOPT . : )
HEAT.SSELECTRIC BASEB.S<ELECTRIC
(LOBAY,GARGEW,GARGER) .

SYBIWIMSYSTEM STYPESRESYS SCHaCTR, SAXSAR SFANSSH SEMSERT
HEAT.S~ELECTRIC BASER-SsELECTRIC ZONE NAMES(STARWIS) ..

SYSIEI4SYSIEM STYPESRESYS SCESCTAL SA=SAR SFANSSFN SEQSEQST . | o .
HEAT-SIELECTHIC BASER.SaELECTRIC ZONE-NAMESS(STARETS) i Vo

SYS-ACZRSYSTEM STYPESRESYS SLxSCTRL S-Ax3AIR GFANSISFN SEQRS-EQPT
HEAT-S-ELECTRIC BASEB-SELECTRIC ZONE-NAMES{ABCZ] |

SYSNEMGYSTEM STYPE=RESYS SCoBLTRL SARSAR S-FANSSGFN SEGRSEGRT
HEAT-BAELECTRIC BASER-SELELTRIC ZONE-NAMESHNET} ..

'SYSEGISYSTEM STYPEARESYS SLCECTRL SATBAIR SPANSTSFN SEC-GEQRT N
HEAT-SMELECTRIG BASER-S4ELECTRIC 20NE-NAMESS(FLYYELVY) .

SYS-LO2SYIIEM S-WPEFNESYS SLZLTRL $A*S-AR SFARSSFN SEQMS-EOPT
HEAT-SSELEGTRIC BASER-S=ELECTRIC ZORE-NAMES:(CORD) ..

* SYSNNZRSYSTEM STYPENRETYS SCrS-CTRL G-AS-AR SPANSRIFH SEOSEGFT
HEAT-SSELECTRIC BASER.SYELECTRIC ZONEHAKMES«(WD) ., a

SYSACIS*EYSTEM STYPE=RESYS SLECTRL SAxSAR SFANSSFN 8-EQ-GEQPT
' HEAT-S4ELECTRIC BASET-SHEL ECTRIG
ZONE.NAMES={ABCSS, ELY35,CORYS) .

SYSNESIOYSIEM STYPEARESYS S.L-3LTRL S-ASS-AR BFANSRSFN SEGSEQRT
HEAT-SMELECTRIC BASER-S<ELECTRIC. ZONE-NAMES(HMEXS) .

SYSNWAS1GYSTEM STYPERRESYS SCas.LTRL SAS-AR SFANSSSFN SEeSEQRT
HEAT.S<ELECTRIC BASER-SaEl ECTRIG ZONE-HAMESI(NW3S)

mm¢annn3nanannangzg&g;%cmm84#&NR$£M$4HN$8m&E¥V - . '

HASEB-SsELECTHIC :

Z0NENAMES(ABCA2ELVI2.CORED .. ~ _ !

sv&swcs-svm D R e e e -
HEAT-SELECTRI BASES-S=ELECTRIC 20NENAMESH(STARWES) ..

TR

S mden et il d o

SYSSELMSYSTEM STYPEIRESYS SL-SCTRL S-AS-AR SFARS-SFN SEQuSEQRT
HEAT-52ELECTRIC BASEB-S=ELECTRIC ZO‘ENAMES‘(STNREEJ
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