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Abstract 

This report discusses the application of the LBL's End-use Disaggregation Algorithm (EDA) to a DoD 
installation and presents hourly reconciled end-use data for all major building types and end uses. The 
goals of the. project were: 1) to develop an energy database by building type and by end use for DoD 
facilities and 2) to enhance the DoD energy office's ability to track energy use by end use. 

The project initially focused on achieving these objectives and pilot-testing the methodology at Fort 
Hood, Texas. Fort Hood is located near the town of Killeen, and with over 5000 build:ings was deter
mined to have representative samples of nearly all of the major building types in use on DoD installa
tions. These building types at Fort Hood include: office, administration, vehicle maintenance, shop, hos
pital, grocery store, retail store, car wash, church, restaurant, single-family detached housing, two and 
four-plex (both single- and double-story) housings, and apartment building. Up to 11 end uses were 
developed for each prototype, consisting of 9 electric and 2 gas; however, only the electric end uses were 
reconciled against known data and weather conditions. The electric end uses are space cooling, ventila
tion (air-handling untis, fans, chilled and hot water pumps), cooking, miscellaneous/plugs, refrigeration, 
exterior lighting, interior lighting, process loads, and street lighting. The gas end uses are space heating 
and hot water heating. Space heating energy-use intensities were simulated only. 

The EDA was applied to 10 separate feeders from the three substations at Fort Hood. The results 
from the analyses of these ten feeders were extrapolated to estimate energy use by end use for the entire 
installation, and validate the results with the independent Texas Utility billing data for electricity use for 
the installation. The results show that administration, residential, and the barrack buildings are the largest 
consumers of electricity for a total of 250GWh per year (74% of the Fort Hood annual consumption of 
330 GWh). By end use, cooling, ventilation, miscellaneous, and indoor lighting consume almost 84% of 
total electricity use. The contribution to the peak power demand is highest by residential sector (35%, 24 
MW out of 70 MW), followed by administration buildings (30%), and barrack (14%). For the entire Fort 
Hood installation, cooling is 54% of the peak demand (38 MW out of 70 MW), followed by interior light
ing at 18%, and miscellaneous end uses by 12%. 
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Executive Summary 

Defense Energy Program Policy Memorandum (DEPPM) 91-2 requires, through energy efficiency stra
tegies, Department of Defense (DoD) facilities to reduce energy consumption and costs by 20% from 
1985 to 2000. The strategies include both improved operation and maintenance and enhanced energy 
efficiency measures. 

The proper analytical tools, methodologies, and a database of energy consumption by end use for DoD 
facilities are not readily available. Historically, DoD has addressed analysis of energy efficiencies pro
grams by conducting energy audits of the installations and by developing prototypical buildings and 
assessing conservation potentials through building energy simulations. Although prototypical studies can 
result in some general understanding of energy consumption by end use, they must be reconciled against 
measured energy use for reliable estimates. The End-use Disaggregation Algorithm (EDA) developed at 
Lawrence Berkeley Laboratory (LBL) was designed specifically for this purpose. In EDA, computer 
simulations are reconciled hourly against measured energy consumption in order to obtain end-use con
sumption data. 

The objectives of this project were: 

• to develop an energy database by building type and by end use for DoD facilities; 

• to enhance the DoD energy office's ability to track energy use by end use; 

• to establish a vehicle for transferring the analytical methodologies for end-use energy analysis 
developed at LBL to the U.S. Army Construction Engineering Research Laboratory (CERL). 

This project has initially focused on achieving these objectives and pilot-testing the methodology at one 
DoD installation: Fort Hood, Texas. It is anticipated that the methodology and much of the database 
developed for Fort Hood can be easily transferred to other installations. The future work for other instal
lations will be built up on the results of this project. 

The project was designed in seven tasks: 

Task 1: Development of a detailed workplan 
Task 2: Database preparation and integration 
Task 3: Development of DOE-2 prototypes 
Task 4: Short-term end-use metering 
Task 5: Refinement of end-use disaggregation algorithm 
Task 6: Reconcilement of end-use energy intensities 
Task 7: Final report and transfer of data and methodology 

The building types at Fort Hood cover a wide spectrum of commercial and residential buildings. The 
commercial buildings include: office, administration, vehicle maintenance, shop, hospital, grocery store, 
retail store, car wash, church, restaurant, etc. The residential buildings include: single family detached 
unit, two and four-plex (both single and double story) units, and apartment building. Up to 11 enduses 
were developed for each prototype, consisting of 9 electric and 2 gas; however, only the electric enduses 
were reconciled. The electric enduses are space cooling, ventilation (AHU, fans, chilled and hot water 
pumps), cooking, miscellaneous/plugs, refrigeration, exterior lighting, interior lighting, process loads, and 
street lighting. The ga~ enduses are space heating and hot water heating. Space heating EUis were simu
lated only. 

The EDA was applied to 10 feeders in Fort Hood. The results from the analyses of these ten feeders were 
extrapolated to estimate energy use by end-use for the entire installation, and validate the results with the 
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independent Texas Utility billing d~ta for electricity use for the installation. Table EX-1 summarizes the 
final EDA reconciled electric enduse annual EUis. 

The extrapolation of the EDA results to the entire Fort Hood installation is shown in Figure EX-1, where 
electricity use and peak power demand are depicted by both building type and end use. Clearly, adminis
tration, residential, and the barrack prototypes are the ·largest consumers of electricity for a total of 
250GWh per year (74% of the Fort Hood annual consumption of 330 GWh). By end use, cooling, venti
lation, miscellaneous, and indoor lighting consume almost 84% of total electricity use. The contribution 
to the peak power demand is highest by residential sector (35%, 24 MW out of 70 MW), followed by 
administration buildings (30%), and barrack (14%). For the entire Fort Hood installation, cooling is 54% 
of the peak demand (38 MW out of 70 MW), followed by interior lighting at 18%, and miscellaneous end 
uses by 12%. 

With existing technologies, energy efficiency programs can be designed to reduce energy and peak 
demand use by 30% with a payback time of less than 2 years. Such a program at Fort Hood can result in 
savings of over 100 GWh per year in energy and 20 MW in peak power demand. 

In the second phase of this project, we plan to extend these analyses to other installations and characterize 
energy use by end use for all DoD facilities within the U.S. 
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Table EX-1. Final EDA Reconciled Electric Enduse Annual EUis [ kWh/ft2/yr] 

Prototype Cool Fan Cook Mise Ref Ex_Lit In_Lit Press Total 

Barrack 

HammerHead 3.41 1.40 0.28 1.73 2.05 0.19 1.83 - 10.90 

Rolling Pin 4.31 3.51 0.31 0.86 2.03 0.12 1.35 - 12.48 

Modular 3.75 1.15 0.30 2.63 2.29 0.15 2.50 - 12.76 

Small 5.10 1.36 0.16 0.99 1.16 0.19 1.03 - 9.99 

Dining Hall 5.28 2.09 5.94 - 4.60 0.13 3.69 - 21.72 

Gymnasium 2.32 0.90 - 0.60 - 0.19 5.85 0.09 9.95 

Administration 

Large 2.85 3.18 - 9.05 - 0.12 4.87 - 20.06 

Small - Old w/ Split DX 8.39 2.66 - 1.47 - 0.14 4.98 - 17.63 

Small - Old w/ Chiller 4.98 4.65 - 1.37 - 0.12 4.61 - 15.75 

Small - New w/ Split DX 6.30 1.93 - 1.45 - 0.13 4.92 - 14.75 

Small - New w/ Chiller 4.35 4.02 - 1.74 - 0.18 5.92 - 16.21 

Vehicle Maintenance 

SmallNoAC - 0.48 - 0.45 - 0.26 1.82 0.04 3.03 

Large w/ Split DX 0.57 0.28 - 0.50 - 0.29 2.05 0.04 3.74 

Large w/ Chiller 0.47 0.43 - 0.57 - 0.34 2.33 0.05 4.19 

Hangar 1.71 1.32 - 0.25 - 0.07 3.49 0.04 6.88 

Hospital 6.24 1.72 0.68 11.81 0.61 0.33 9.40 - 30.80 

Residential 

Detached 5.03 0.44 0.21 3.71 0.83 0.37 0.78 - 11.37 

TwoPlex 4.65 0.40 0.21 3.59 0.80 0.35 0.75 - 10.76 

FourPlex 6.45 0.44 0.19 2.92 0.70 0.31 0.64 - 11.67 

Other 

Retail - Large 9.00 8.74 1.16 5.29 5.74 1.53 29.09 - 60.54 

Warehouse 

NoAC - 0.16 - 0.44 - 0.22 1.67 - 2.49 

AC 2.41 0.53 - 0.75 - 0.43 2.78 - 6.90 
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Figure EX-1. Annual Electricity Use and Peak Power Demand at Fort Hood, TX. 
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Background 

Chapter 1 
Introduction 

Defense Energy Program Policy Memorandum (DEPPM) 91-2 requires, through energy efficiency stra
tegies, Department of Defense (DoD) facilities to reduce energy consumption and costs by 20% from 
1985 to 2000. The strategies include both improved operation and maintenance and enhanced energy 
efficiency measures. 

The proper analytical tools, methodologies, and a database of energy consumption by end use for DoD 
facilities are not readily available to implement energy efficiency programs. The Model Energy Installa
tion Program (MEIP) was developed to prove the concept that DoD could cost-effectively save energy 
while simultaneously improving both working and living conditions at DoD facilities. Tools are required 
to perform end-use energy analysis, to predict and forecast future energy scenarios, and to evaluate and 
recommend cost-effective energy conservation technologies and opportunities. 

Historically, DoD has addressed these objectives by energy audits of the installations and by development 
of prototypical buildings and assessment of conservation potentials through building energy simulations. 
Although prototypical studies can result in some general understanding of energy consumption by end 
use, they must be reconciled against measured energy use for reliable estimates. The End-use Disaggre
gation Algorithm (EDA) developed at Lawrence Berkeley Laboratory (LBL) was designed specifically 
for this purpose. In EDA, computer simulations are reconciled hourly against measured energy consump
tion in order to obtain end-use consumption data (Akbari, 1995). 

In addition, DoD and government agencies have developed numerous energy analysis tools and energy 
analysis techniques on a "piecemeal" basis or for specific applications, and have compiled property data
bases for facilities management (real property databases). This project has drawn upon and brought 
together these disparate sources of information into an integrated form that can be used for DoD-wide 
energy end-use characterization. 

Objectives 

The objectives of this project were: 

• to develop an energy database by building type and by end use for DoD facilities; 

• to enhance the DoD energy office's ability to track energy use by end use; 

• to establish a vehicle for transferring the analytical methodologies for end-use energy analysis 
developed at LBL to the U.S. Army Construction Engineering Research Laboratory (CERL). 

This project has initially focused on achieving these objectives and pilot-testing the methodology at one 
DoD installation: Fort Hood, Texas. It is anticipated that the methodology and much of the database 
developed for Fort Hood can be easily transferred to other installations. The future work for other instal
lations will be built up on the results of this project. 

Project Description 

The project involved detailed analysis of existing DoD data on facilities' energy use and characteristics, 
in conjunction with other data bases, and application of a previously developed reconciliation model to 
estimate end-use load shapes and intensities. We have first analyzed the databases for consistency and 
completeness. Implementation and validation of the methodology are the heart of this project. We have 
refined the previously developed model to meet the requirements of the new application. We then applied 
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the refined method to the above databases to extract end-use load shape information from them. 

Although the goal of this project was to analyze electrical energy end use DoD-wide, the amount of 
repetition at the building level (as well as at the installation level) allows the number of installations 
analyzed to be limited. Fort Hood, Texas, the site of an ongoing energy demonstration has been 
identified as the first installation to be analyzed. We plan to use the methodology and much of the data
base developed for Fort Hood to analyze energy use characteristics in other installations. Future work for 
other installations will build upon the results of this project. 

The project was designed in seven tasks: 

Task 1: Development of a detailed workplan 
Task 2: Database preparation and integration 
Task 3: Development of DOE-2 prototypes 
Task 4: Short-term end-use metering 
Task 5: Refinement of end-use disaggregation algorithm 
Task 6: Reconcilement of end-use energy intensities 
Task 7: Final report and transfer of data and methodology 

The Detailed Workplan (Akbari, 1994) discusses the elements of these tasks in detail. After preparation 
of the Detailed Workplan, however, it was decided that Task 4 (Short-term end-use metering) would not 
to be carried out in this phase of the project. 

The building types at Fort Hood cover a wide spectrum of commercial and residential buildings. The 
commercial buildings include: office, administration, vehicle maintenance, shop, hospital, grocery store, 
retail store, car wash, church, restaurant, etc. The residential buildings include: single family detached 
unit, two and four-plex (both single and double story) units, and apartment building. In addition, there 
are barracks that combine the commercial and residential functions. Some buildings have dedicated air
conditioning systems and some have central systems. 

Given the complexity of the building types, we decided to analyze energy end-use characteristics of 
buildings by functions of buildings or building groups. Based on visual inspection of the facilities at Fort 
Hood and discussion with CERL project manager, we developed the list of building types and end-uses 
for analysis as shown in Table 1-1. For each building in the scope we developed a prototype. 

Up to 11 end uses were developed for each prototype, consisting of 9 electric and 2 gas; however, only 
the electric end uses were reconciled. The electric end uses are space cooling, ventilation (AHU, fans, 
chilled and hot water pumps), cooking, miscellaneous/plugs, refrigeration, exterior lighting, interior light
ing, process loads, and street lighting. The gas end uses are space heating and hot water heating. Space 
heating EUis were simulated only. Hot water heating EUis were taken from previous LBL studies and 
the MEIP surveys. 

Overview of the Report 

This final report (Task 7) is organized in five chapters and three appendices. Chapter 2, provides an over
view of input data and analysis performed (Task 2). In Chapter 3, we discuss our methodology for 
analysis of data, development of building prototypes, and an approach to end-use data analysis (Tasks 3 
and 5). In Chapter 4, we summarize the simulation results and EDA reconciliation analyses (Tasks 3 and 
6). Chapter 5 summarizes the major conclusions from the project. In Appendix A, the graphical results 
of the Feeder Data Analysis are presented. Appendix B contains the prototype characteristics and DOE-2 
simulated load shapes. Appendix C presents the EDA reconciled load shapes. 
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Table 1-1. Project Scope 

Prototype Cool FanNentt Cook Mise/Plug Refrig Ex Lit In Lit Press Heat:j: HotWater:j: 

Barrack 

HammerHead X X X X X X X X X 
Rolling Pin X X X .X X X X X X 
Modular X X X X X X X X X 
Small X X X X X X X X X 
Dining Hall X X X X X X X X 
Gymnasium X X X X X X X X 

Administration 

Large X X X X X X X 
Small - Old w/ Split DX X X X X X X X 
Small - Old w/ Chiller X X X X X X X 
Small -New w/ Split DX X X X X X X X 
Small - New w/ Chiller X X X X X X X 

Vehicle Maintenance 

Small w/ No AC X X X X X X 
Large w/ Split DX X X X X X X X 
Large w/ Chiller X X X X X X X 
Hangar X X X X X X X 

Hospital X X X X X X X X X 

Residential 

Detached X X X X X X X X X 
TwoPlex X X X X X X X X X 
FourPlex X X X X X X X X X 

Other 

Retail - Large X X X X X X X X X 

Warehouse 
w/NoAC X X X X X 
w/SplitDX X X X . X X X 

Miscellaneous§ 

Bowling Center X X X ' X X X 
Church X X X X X X 
Grocery Store X X X X X X X X X 
Library X X X X X X 
Restaurant - Fastfood X X X X X X X X X 
Restaurant- Sitdown X X X X X X X X X 
Retail - Small X X X X X X X X X 
Youth Center X X X X X X 

WaterPumpoo 

Street Lighting X 

t The FanN ent end use includes chilled and heated water pumps. 

:j: Space heating and hot water heating are gas end uses and are not reconciled. 

§ The end-use characterization for the miscellaneous prototypes are provided by simulations only. 

oo EDA is not applied to the water pump prototype only measured load data is available. 
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Chapter 2 
Input Data 

Numerous data bases were available for use in this project, which include onsite surveys, measured electr
ical load data, building inventory data, and weather data. The primary source of these data was CERL. 
LBL supplied supplementary information from previous EDA studies carried out at LBL. 

The data were carefully inspected and reviewed by LBL with advice from CERL. It was then decided 
which data would be used in the project. The data bases outlined below were integrated for use in the 
project. 

• IFS Building Inventories 

• Model Energy Installation Project (MEIP) Onsite Survey Data of 25 Nonresidential Buildings 

• Model Energy Installation Project (MEIP) Onsite Survey Data of 11 Residential Buildings 

• Chiller Survey Data 

• Mechanical Equipment Survey Data 

• Feeder Short-Interval (Hourly) Electric Load Data 

• Feeder to Building Assignment Data 

• Previously Developed LBL Prototypes 

• Hourly Weather Data 

• Texas Utility Hourly Electrical Load Data 

IFS Building Inventories 

The IFS building inventory data base (Army) surveys 40 characteristics of 5,122 buildings, which 
represents all the buildings in Fort Hood. The pertinent data include building category code, floor area, 
number of floors, year of construction, and HV AC system type. The category code identifies the build
ings function or use, as defined by the Army. In previous work, CERL classified all the buildings into 
groups based on the category code. In this project, the buildings were classified into prototypes based on 
the category code, CERL's initial building classification, discussions with CERL following inspection of 
the data by LBL, floor area, year of construction, and HV AC system type. The prototypes have been 
grouped into CERL's classification strategy as barrack, administration, vehicle maintenance, hospital, 
residential, and other categories. The prototype classifications are shown in Table 2-1 and each are dis
cussed in Chapter 3 under Prototype Development. Note in Table 2-1 that the group titled 'Other' con
tains non-building, utility, water pump, and fuel station. These represent less than 1% of the total floor 
area of Fort Hood building stock and are not modeled; however, some measured water pump load data 
were available and analyzed. Table 2-2 categorizes the prototypical buildings by IFS category code 
(catcod) and building identification number. 

MEIP Onsite Survey Data of 25 Nonresidential Buildings 

The MEIP study is a detailed onsite survey of 25 non-residential buildings in Fort Hood. The types of 
buildings surveyed are small and large administration, hangar, barrack, gymnasium, vehicle maintenance 
shop, and dining hall. Data included in the survey are floor area, shell construction, interior loads and 
schedules, HV AC system types and schedules, and plant parameters and schedules. Some of the build
ings are modeled in greater detail than others. This ranges from buildings with multiple zones with 
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Table 2-1. IPS Building Inventory Classified by Prototype 

Group Prototype Number Total Floor Area (ft~) A vg Floor Area (ft~) Weight 
HammerHead 32 1066798 33337 0.042 

Barrack Rolling Pin 28 1810654 64666 0.071 
Modular 49 1647994 33633 0.065 
Small 83 403967 4867 0.016 
Dining Hall 116 505877 4361 0.020 
Gymnasium ,,9 223595 24844 0.008 
Total 317 5658885 - 0.222 
Large 4 674113 168528 0.026 

Administration Small Old w/ Split DX 230 1153551 5015 0.045 
Small Old w/ Chiller 317 2029777 6403 0.080 
Small New w/ Split DX 59 373706 6334 O.Dl5 
Small New w/ Chiller 81 356215 4398 0.014 
Total 691 4587362 - 0.180 
Small w/ No AC 218 1034912 4747 0.040 

Vehicle Maintenance Large w/ Split DX 40 1037480 25937 0.040 
Large w/ Chiller 10 446072 44607 0.017 
Hangar 18 743895 41328 0.029 
Total 286 3262359 - 0.126 

Hospital Hospital 1 504202 504202 0.020 
Detached 856 1141815 1334 0.045 

Residential Two Plex 1680 4936284 2938 0.194 
Four Plex 368 2490464 6772 0.098 
Total 2904 8568563 - 0.337 
Retail Large 2 256116 128058 0.010 

Other Warehouse w/ No AC 423 1137313 2689 0.045 
Warehouse w/ Split DX 28 283407 10122 0.011 
Miscellaneous 131 909865 6946 0.036 
Non-Building 193 155347 805 0.006 
Utility 142 132248 931 0.005 
Water Pump 73 16150 221 0.001 
Fuel Station 34 31983 941 0.001 
Total 1026 2922429 - 0.115 

Fort Hood Total 5122 25503800 - 1.000 
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Table 2-2. IPS Building Inventory Catcod Classified by Prototype 

For some Catcods there are tens of buildings; Building ID numbers for these Catcods are not listed. 

Prototype IFS Catcod (Building IDt) 

Barrack 

HammerHead 72111 (092, 094, 100, 140) 
Rolling Pin 72111 (120, 160,210,270,310,340,370,410) 
Modular 72111 (290,360,390,870,890,900,910) 

72410 (057, 360) 
74032 (001) 

Small 72ll1 (018, 210, 2ll, 044) 
72ll4 (564) 
72410 (563) 
724ll (068) 
74032 (023, 201) 

Dining Hall 72210,74047,74048 
Gymnasium 74028 

Administration 

Large 61011 (01001) 
61012 (00410, 28000) 
61060 (91012) 

Small Old w/ Split DX 13130, 13160,13165,13170,13320,14111, 14112,14131,14182, 14183, 14184, 14185, 17120, 17130, 17150, 
17160,51020,53020,53040,55010,55030,61021,61023,61024,61026,61027,61028,61031,61040,61041, 
61050,61060,72330,72335,72360,73028,74014,74025,74065 

Small Old w/ Chiller 13110, 13320, 13640, 14110, 14112,14131,14180, 14182, 14183, 14185, 17120, 17123,17130, 17150, 17160, 
17174,53040,54010,55010,61022,61025,61026,61050,61060,72330,72335,72360,74065 

Small New w/ Split DX 13120,13360,14110,14112,14131,14180,14183,14185,17120,17130,17160,51020,53020,54010,55010, 
61021,61028,61040,61050,72330,74014,74065 

Small New w/ Chiller 13320,13640,14112,14114,14131,14140,14182,14183,17120,17123,17139,17150,53040,54010,61031, 
72330,72335,74014,74065 

Vehicle Maintenance 

Small w/ No AC 21130,21210,21410,21430,21452,21540,21612,21710,21740,21810,21850,21870,21880,21882,21883, 
21885,21887,21888,21889,21910,21920,74031 

Large w/ Split DX 21410,21430,21540,21710,21920 
Large w/ Chiller 17110,17112,17182,21420,21430,21710,21885 
Hangar 2ll 10,21112 

Hospital 51010 (36000) 

Residential 

Detached 71111,71112,71113,71114,71115,71121,71122,71123,71124,71125,71135 
TwoPlex 71113,71114,71115,71123,71124,71125,71135 
FourPlex 71114,71115,71135 

Other 

Retail Large 74021 (50001) 
74053 (50004) 

Warehouse 

w/NoAC 21470,42250,43210,43230,44210,44220,44222,44240,44245,44261,44270,44275,44285,44286 
w/ Split DX 41186,43210,44220,44226,44270,44285 

Miscellaneous 73010,73015,73018,73019,73020,73030,73073,74009,74011,74021,74022,74024,74030,74033,74037, 
74040, 74041,74043,74050, 74051, 74052, 74056, 74057,74062, 74066, 74067, 74068,74069,74070, 74071, 
74074,74077,74078,74081,74084,76010 

Non-Building 71410,71420,73055,87220,87230,87235,87240 
Utility 17124,17170,72320,72321,73075,74007,81160,81180,81321,82116,82150,83311,84150,89046,89080 
Water Pump 83231,84131,84142,84220,84580 
Fuel Station 12111, 12121, 12310, 12320, 12324, 12530, 12531, 12540, 12565, 12585, 12661, 12666, 12680 

t For barrack first 3 digits of 5 digit building id are shown. 
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descriptions of it as a single zone, to buildings with multiple zones detailing each zone. These data were 
utilized to define the prototypes. 

An appendix to the MEIP report provides data for monthly electric and gas data for these 25 buildings; 
however, 4 of the buildings (10001, 30015, 39004, and 39044) that were included in the main text of the 
report were not in the appendix (buildings 4501, 7051, 17041, and 87017 were instead). Electric and gas 
consumption were given for 1990, 1991, and 1992 with large gaps of missing data. The gas data are 
questionable, as some of them lack continuity between adjacent heating months. The data from this 
appendix were not utilized. 

Another appendix is a survey of motor nameplates of the 25 buildings selected in the main text of the 
study. Again, these data were not utilized. 

MEIP Onsite Survey Data of 11 Residential Buildings 

This MEIP study is a detailed onsite survey of 11 residential buildings each in a different village of Fort 
Hood. Data included in the survey are floor area, shell construction, interior loads, and HV AC system 
types. The survey characterizes the villages of Fort Hood by number of units, number of bedrooms, 
officer quarters versus enlisted, original construction dates, and air conditioning system type and tonnage. 
These data were used to define the residential prototypes. 

Chiller Survey Data 

The Chiller survey is a CERL visual inspection/recording of installed chiller nameplate data of 463 chill
ers. The chiller data includes manufacturer, model number, building number, number of chillers, ton
nage, airflow, air handler power, and condenser power (note the condenser data is scarce). The chiller 
data for the hospital has been used in specifying the hospital prototype, otherwise these data were used for 
cross checking other data bases. 

Mechanical Equipment Survey Data 

The Mechanical equipment survey is a CERL yisual inspection/recording of installed motor and equip
ment nameplate, data of 1127 motors and equipment for about 230 buildings. The motor data includes 
building number, location, manufacturer, application, model number, serial number, power, speed, fre
quency, voltage, phase, amperage, and efficiency. The equipment include pumps, cooling towers, air 
handlers, boilers, and domestic water heaters. The equipment data includes model number, serial 
number, power, and airflow (note the equipment data base is scarce). 

This data base has been compared with the MEIP motor survey for 7 of the 25 buildings described previ
ously (12020, 14022, 23001, 34008, 34010, 37017, and 39004). These data bases show frequent differ
ences in quantity, application, and rating of motors. For some of the buildings the MEIP survey shows 
more motors than this data base, and for others the reverse is true. These data were utilized for cross 
checking with other data bases. 

Feeder Short-Interval (Hourly) Electric Load Data 

Fort Hood receives electrical power from 3 substations: main, west, and north substations. These substa
tions distribute the power through 16 feeders connected to the main substation, 6 to the west, and 3 to the 
north. Pacific Northwest Labs (PNL) monitored the power on these feeders for the period of September 
1992 through December 1993. 
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Feeder hourly electric load data is available for the main and west substations for the period of September 
1992 through December 1993, and for the north substation for September 1992 through March 1993. 
Feeder data were analyzed for the 1993 calendar year, therefore the north substation was omitted because 
of lack of data. The load data were measured by PNL on each of three phases for each feeder. Subse
quently, the phases were summed by feeder to determine the total load in kW. Of the 16 feeders con
nected to the main substation, Feeder 8 was not monitored, Feeders 6, 11, and 13 each were missing 6 
months of data, and Feeders 1, 7, 14, and 16 each were missing the month of June. Of the 6 feeders con
nected to the west substation, Feeders W1, W2, and W3 each were missing the month of August. All 
together 11 feeders were analyzed, and the results are presented in Appendix A. 

The feeder data were prepared by removing bad data (data represented by -999) and duplicate data. Short 
interval missing data C3 consecutive hours or less) were imputed by linear interpolation, and long inter
val missing data were copied from periods of similar load behavior. Any data abnormalities were 
replaced similarly to the missing data as just described. The data were then adjusted to Central Standard 
and Central Daylight Time from Pacific Standard Time. 

Feeder to Building Assignment Data 

The feeder to building assignment data base lists the buildings connected to each feeder. This data base is 
available for the main and west substations except for Feeders 6 and 13. However, there appears to be 
some questionable assignments concerning Feeders 2, 14, 16, W5, and W6. Table 4-1 (in Chapter 4) lists 
the prototypes selected for each feeder. 

Feeder 2 was remapped based on a visual inspection by LBL of the electrical distribution and city layout 
drawings. This added 27 buildings to Feeder 2, including a division headquarters building (#28000). The 
buildings added to Feeder 2 were removed from Feeder 14. Feeder 16 appears to feed the west end of 
Fort Hood as seen on the map, however this data base suggests it feeds buildings on the west and east 
ends of the base. Feeder W5 is questionable because the EDA results reveal annual electric consumption 
to be excessively high, therefore, we think some buildings may be missing from this feeder. There 
appears to be similar problems with Feeder W6 as with W5, but not as extreme. 

Previously Developed LBL Prototypes 

LBL has developed a variety of prototypes from previous studies with PG&E (Pacific Gas & Electric 
Company) and SCE (Southern California Edison Company) (Akbari, et al. 1993), which were utilized 
when prototype information was unavailable from the data supplied by CERL. These prototypes were 
simulated with DOE-2.1D with 1993 Waco, Texas weather data. The previously developed LBL proto
types used were the hospital, library, small and large retail stores, sitdown and fastfood restaurants, gro
cery store, and warehouse. 

Hourly Weather Data 

We obtained 1993 Waco, Texas hourly weather data from the National Climatic Data Center in Airways 
Surface Observations (TD1440) format. Table 2-3 summarizes the monthly 1993 weather data from 
Waco, Texas. 

Texas Utility Hourly Electrical Load Data 

Texas Utility (TU) 1993 annual hourly electrical use data for the main and west substations are presented 
in Figure 2-1. These data are used to ·validate the EDA predicted results for the entire installation, since 
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feeder electrical use data doesn't exist for all feeders~ The TU data were measured on the high side of the 
transformer, where the PNL feeder data were on the low side. 

Table 2-3. Monthly Weather Data Summary - Waco, Texas 1993 

JAN FEB MAR APR MAY JUN JUL AUG SEP ocr NOV DEC YEAR 

Avg Temp Drybulb (0 F) 45.7 50.2 56.6 63.7 71.8 80.8 85.3 86.3 77.6 64.0 51.0 49.6 65.3 
Avg Temp Wetbulb (0 F) 42.2 45.4 50.4 56.9 64.7 73.5 74.5 72.9 67.6 58.5 46.3 45.0 58.2 

Avg Temp Day (0 F) 48.2 53.0 60.0 67.2 76.0 84.4 88.4 89.9 82.2 68.0 54.4 53.2 70.4 
A vg Temp Night (0 F) 44.2 48.4 53.9 60.4 67.2 76.7 81.9 82.7 73.5 60.7 48.6 47.3 61.0 

Avg Temp Daily Max eF) 55.3 59.5 66.8 74.3 83.1 91.4 95.2 97.2 90.4 74.5 62.0 59.4 75.9 
Avg Temp Daily Min (0 F) 37.3 41.2 47.1 53.3 61.0 72.0 75.9 75.8 65.4 54.5 41.2 40.1 55.5 

Temp Max (0 F) 75 76 88 87 93 97 100 100 97 89 83 73 100 
Temp Min (0 F) 27 28 30 38 50 57 73 70 52 26 24 27 24 

AvgRelHum 
4am 85.1 79.9 82.0 81.6 88.2 88.4 82.0 71.3 80.8 86.6 83.8 82.9 82.7 
lOam 83.1 76.5 71.2 69.2 70.6 74.4 67.3 59.3 68.3 80.4 76.1 75.6 72.6 
4pm 63.7 56.0 53.3 51.7 52.4 54.3 43.2 35.8 41.2 52.9 54.2 52.9 50.9 
lOpm 78.7 73.4 68.6 70.2 75.3 76.6 59.0 54.6 62.8 77.3 75.7 78.2 70.8 

Heating Deg Days 
(Base 65) 580.0 410.0 273.0 113.5 8.5 0.0 0.0 0.0 0.5 157.0 422.0 477.0 2441.5 
(Base60) 425.5 276.0 160.0 43.5 1.0 0.0 0.0 0.0 0.0 87.5 291.0 339.0 1623.5 
(Base 55) 280.5 154.5 79.5 9.5 0.0 0.0 0.0 0.0 0.0 43.0 170.5 218.0 955.5 
(Base 50) 151.0 66.5 30.5 0.0 0.0 0.0 0.0 0.0 0.0 25.0 87.0 118.5 478.5 

Cooling Deg Days 
(Base 80) 0.0 0.0 0.0 0.0 0.0 74.5 173.0 201.5 50.5 0.0 0.0 0.0 499.5 
(Base 75) 0.0 0.0 0.0 1.0 19.0 207.0 328.0 356.5 134.0 21.5 0.0 0.0 1067.0 
(Base70) 0.0 0.0 4.5 21.5 99.5 352.0 483.0 511.5 251.0 72.0 6.0 0.0 1801.0 
(Base 65) 0.0 0.0 23.5 77.0 227.0 502.0 638.0 666.5 388.0 143.0 20.0 4.5 2689.5 

Heating Deg Hrs/24 
(Base65) 603.5 421.9 309.7 146.3 38.5 1.5 0.0 0.0 26.2 176.0 443.3 489.7 2656.7 
(Base60) 456.2 300.0 199.7 79.7 13.0 0.2 0.0 0.0 8.0 116.0 320.0 360.3 1853.0 
(Base 55) 319.3 193.4 114.4 37.9 2.8 0.0 0.0 0.0 0.8 74.0 213.2 246.0 1201.7 
(Base 50) 198.5 109.1 57.2 13.4 0.0 0.0 0.0 0.0 0.0 43.2 132.6 152.2 706.2 

Cooling Deg Hrs/24 
(Base 80) 0.0 0.0 2.3 4.0 25.8 103.3 189.5 217.4 99.2 13.5 0.3 0.0 655.4 
(Base75) 0.0 0.1 8.0 19.0 71.2 198.5 319.8 352.2 179.9 34.9 2.1 0.0 1185.7 
(Base70) 1.2 1.6 21.7 51.4 144.7 329.5 474.3 505.7 283.9 77.2 8.2 1.2 1900.5 
(Base 65) 4.5 7.8 48.5 108.5 250.3 475.9 629.3 660.7 404.5 144.0 23.2 11.0 2768.1 
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Chapter3 
Methodology 

The methodology is an integrated technique for the estimation of hourly end-use energy consumption, 
which relies explicitly on measured feeder short-interval (hourly) electric load data to reconcile prelim
inary engineering estimates from DOE-2 building energy simulations. The method consists of five steps 
as observed in Figure 3-1. In this chapter, we will provide an overview of EDA followed by a descrip
tion of the five steps in EDA application. 

) 

EDA Description 

The End-Use Disaggregation Algorithm (EDA) is a tool designed to improve the hourly estimates of 
building electric energy consumption from that of prorations from simulations. In EDA, ~e sum of the 
end uses is constrained, at hourly intervals, to be equal to the measured whole-building load. This con
straint provides a reality check that is not possible with pure simulation. 

EDA is a deterministic method that primarily utilizes the statistical characteristics of the measured, 
hourly feeder load and its inferred dependence on temperature. Simulation is only used to supply infor
mation that is not evident from the load/temperature relationship, which are the ratios of one end use to 
another by hour and the temperature independent cooling load. In addition, the load/temperature relation
ship helps to characterize the conditioning end use, providing an additional constraint on the remaining 
end uses and preventing some of the errors possible with simple proration. EDA can give more weight to 
any given end use for any scheduled hour with use of a confidence factor. For example, if lighting was 
metered, confidence in that end use would be very high, so EDA would not alter the initial estimate. The 
reconciliation is done hourly, for two seasons (winter and summer), and for two daytypes (standard and 
nonstandard). 

In its original form EDA was limited to reconcile end-use data for a single building. The technique was 
documented and validated with end-use metered data from an office building and a retail store (Akbari, 
1995). The next &eneration ofEDA was applied to prototypical buildings (Akbari, et al. 1989, 1991, and 
1993), where the characteristics and measured whole-building electrical load data from many buildings of 
a similar type were averaged. The prototype simulations were reconciled with the average whole
building measured load. In this project, EDA was refined so that it reconciles several prototypes on a 
given feeder with feeder electrical load data. 

The present generation of EDA is implemented using the hourly measured load for the feeder and the 
estimated temperature-independent and temperature-dependent components, the initial estimated end-use 
loads from the simulations, and the feeder to prototype assignment as input to obtain reconciled end-use 
hourly loads for all prototypes on the feeder. Confidence factors were not used because information did 
not exist that provided more confidence in one end use over another. 

Feeder Data Analysis 

The measured feeder load data are prepared as discussed in Chapter 2 and then analyzed as shown in Fig
ure 3-2. A complete presentation of the data and analysis are shown in Appendix A. As an example, the 
original annual hourly load for Feeder 2 is shown in Figure 3-3(a). Notice, the data logger produced 
inconsistent data for two weeks in September. The inconsistent data were modified as discussed in 
Chapter 2. The modified annual hourly load for Feeder 2 is shown in Figure 3-3(b ), which were the data 
used in the analysis. Two regions are represented in Figure 3-3(b), temperature-independent and 
temperature-dependent. The temperature-independent region is defined as the winter season and runs 
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from January 1 through April 10 and October 23 through December 31. The temperature-dependent 
region is defined as the summer season and runs from April 11 through October 22. 

From the feeder modified (original, if no modification necessary) annual hourly load the arithmetic mean 
average is plotted for day-of-week (Sunday through Saturday and Holidays) and season (winter and sum
mer). The average, day-of-week, seasonal plots for Feeder 2 are illustrated in Figures 3-3(c) and 3-3(d) 
for winter and summer, respectively. Observed in these plots are the feeder seasonal schedules, which 
can help to define prototype seasonal schedules. Also, seen in the plots are the daytypes, which character
ize the average daily load shapes. All of the feeders are characterized by two daytypes, weekday (stan
dard day) and weekend/holiday (nonstandard day) for each season. 

Next, scatter plots of feeder load versus outdoor drybulb temperature are developed by daytype (standard 
and nonstandard days) and season, by hour-of-day. Feeder 2 standard day load versus outdoor drybulb 
temperature scatter plots for winter and summer are displayed in Figures 3-4 and 3-5, respectively. In 
the winter plot the temperature-independence of the load is easily seen, except for a few data points it 
remains constant for the entire season. However, the summer plot illustrates a strong positive relationship 
between feeder load and outdoor drybulb temperature. 

The summer load is then subdivided into temperature-independent (ti) and temperature-dependent (td) 
loads through a multi-variable regression by hour and daytype. The technique regresses feeder summer 
load versus outdoor drybulb temperature, and assumes a single slope adequately represents the 24 hourly 
slopes. In Figure 3-5 the 24 hourly plots show slopes of equal magnitude. This was the case with all the 
feeders and the basis for the single slope assumption. The assumption is also made that the winter 
temperature-independent load does not equal the summer temperature-independent load. The summer 
temperature-independent load is defined as 5% of the summer load average range added to the summer 
average minimum load (by hour and daytype). The value ,of 5% was selected based on analysis of the 
relative difference in the nighttime load between the winter and summer scatter plots. 

Feeder_Loadsum,ti = Feeder_Loadsum,min,avg + 0.05 (Feeder_Loadsum,max,avg - Feeder_Loadsum,min,avg) [1] 

The regression results in a single slope [kW/0 F], 24 zero intercepts [kW], and 24 base temperatures [°F] 
describing the linear relationship between summer feeder load and outdoor drybulb temperature. The . 
base temperature is defined at the temperature that the feeder summer load equals the temperature
independent load, and is found hourly and by daytype from the following relation. 

(Feeder_Loadsum,ti - Zero_Intercept) 
Temperatureaase = Sl ope 

[2] 

The temperature-dependent load is calculated from the product of the regression slope and the hourly out
door drybulb temperature differential. 

Feeder_Loadsum,td =Slope (TemperatureOutdoor,db- Temperaturesase) [3] 

An attempt to improve the regression statistics was made by regressing the feeder load against drybulb 
temperature and absolute humidity. This yielded no significant improvement in the regression statistics, 
due to the co linearity of dry bulb temperature and absolute humidity. This finding is consistent with an 
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earlier study (Akbari, et. at. 1995). 

The feeder hourly load data has been separated into temperature-independent winter, temperature
independent summer, and temperature-dependent summer seasons, and is ready as input data for the EDA 
application. 

Prototype Development 

The 5,122 buildings of Fort Hood have been grouped into 23 prototypes based on the functions and 
characteristics of the facilities as shown in Table 2-1. These prototypes were developed from the IFS 
Building Inventory, MEIP Onsite Surveys, Chiller Survey, Previously Developed LBL Prototypes, and 
Feeder Schedule data bases as described in Chapter 2. A prototype is described by floor area from IFS 
data; shell characteristics, interior loads, HV AC system characteristics, and schedules from either MEIP 
or LBL prototypes, and additional schedule information from the feeder analysis. The hospital prototype 
also uses the chiller survey data. Tables describing these prototypes are provided in Appendix B. As an 
example, the prototype characteristics for the hospital are shown in Table 3-1, where the third column 
identifies the data source for each prototypical characteristic. Commercial and residential building types 
are represented at Fort Hood and each will be discussed briefly. 

The barrack group consists of 4 types of billets (barrack) , a dining hall, and a gymnasium, where the bil
lets are classified as hammerhead, rolling pin, modular, or small. The modular and small billets function 
as residential units. The hammerhead and rolling pin billets function as commercial units as well as 
residential, since they include administrative zones in addition to billeting. All the prototypes are heated 
with natural _gas hot water boilers. The gymnasium and small billet are cooled by packaged direct expan
sion units, and the dining hall and remaining billets by central chillers with cooling towers. 

The administrative group is made up of 5 prototypes a large and 4 small varieties. The large administra
tive prototype is modeled as 3 floors of 168,500 ft2 building with a central chiller with cooling tower and 
hot water boiler. The 4 small administrative prototypes are either of old or modem construction with a 
packaged direct expansion or chilled water cooling system. They are modeled as single story with -5000 
f~. 

The vehicle maintenance group consists of 4 prototypes; a small shop, 2 large shops, and a hangar. Each 
of these prototypes are modeled with an office zone and a bay zone, where the office is about 5% of the 
total floor area. The bay zones are not cooled, but are heated with gas-fired unit heaters. The office zones 
are heated with a hot water boiler. The small vehicle maintenance shop is modeled without an air
conditioned office. The large vehicle maintenance shops have air-conditioned offices, which are cooled 
with either a packaged direct expansion unit or a chiller. The hangar has office cooling provided by a 
chiller. Also, these prototypes have a process (air compressor) load. 

There is only one major hospital (Darnell) at Fort Hood and it is individually modeled as a prototype. 
Dental clinics, which for all practical purposes, are operated like office buildings with well defined 
schedules and a similar working environment, are modeled as administrative prototypes. 

The residential group consists of 3 prototypes, detached, two-plex, and four-plex, of 1,330, 2,940, and 
6,770 ft2

, respectively. All are modeled as single story units heated with a gas-fired furnace and cooled 
with central air direct expansion units. 

The other building group includes a large retail store, two warehouses, and a miscellaneous category. 
The large retail store is modeled as a single story of 128,000 ft2, where cooling is provided by a 
chiller/cooling tower and heating by a hot water boiler. The warehouses are modeled with an office space 
and a storage space, where the office is about 5% of the total floor area. The storage zone has no cooling, 
but is heated with a gas-fired unit heater. The office is heated with a hot water boiler. One warehouse is 
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Table 3-la. Hospital Prototype Characteristics 

Construction 
Floor Area (ftz) 504202 IFS 
Number of Floors 6 
Floor Materials 4" Light Weight Concrete LBL 

Carpet wl Pad 

Roof Materials 318" Built-up Roofing 
6" Light Weight Concrete 

2" Roof Insulation 
Air Layer 

112" Acoustical Tile 

.Slab Material 6" Heavy Weight Concrete 

Wall Materials 12" Concrete Block Filled 
3 112" R-11 Insulation 

Air Layer 
518" Gypsum 

Window Characteristics 
Number of Panes 1 
Shading Coefficient 0.90 

Non-HV AC Loads 
Exterior Lights (W lft2) 0.1 
Refrigeration (W lft2) 0.1 

HVACSystem 
Distribution Central Air I Variable Volume 
Economizer Inactive 
Cooling 

Type Herm Cent Chiller I Cooling Tower (3) Chiller 
Capacity (Tons) 417 
COP 4.55 LBL 
Setpoint eF) 73 
Availability Jan1-Dec31 Feeder 

Heating 
Type Hot Water Boiler I Natural Gas LBL 
Setpoint eF) 73 
Availability Jan1-Dec31 Feeder 

Loads I System Schedule 
Standard Days Monday - Friday 

On Hours 7-23 
Nonstandard Days Saturday, Sunday, Holiday 

On Hours 7-23 

Table 3-lb. Hospital Prototype Zonal Characteristics (Source LBL Prototype) 

Clinic Core Perimeter Kitchen Hallway Total 
Floor Area(% total) 25 35 15 5 20 100 
Occupancy (ft21person) 289 289 150 321 578 -
Outside Air (ACH) - - - 1.8 - -
Outside Air I Person (CFM) 15 15 15 - 15 -
Interior Lights (W lftz) 2.1 1.6 1.6 2.1 0.8 1.6 
Miscellaneous (W lft2) 4.0 1.3 1.3 9.0 - 2.1 
Cooking (Wift2) - - - 4.0 - 0.2 
System Type DD VAV FPFC SZRH VAV 
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modeled without office cooling and the other is cooled with a packaged direct expansion unit. The mis
cellaneous category consists of a bowling center, church, grocery store, library, restaurants (fastfood and 
sitdown), small retail store, and youth center, which are considered low priority by CERL and only 
DOE-2 simulated results are presented. 

Up to 11 end uses are simulated for each prototype, consisting of 9 electric and 2 gas; however, only the 
electric end uses are reconciled. The electric end uses are space cooling, ventilation (AHU, fans, chilled 
and hot water pumps), cooking, miscellaneous/plugs, refrigeration, exterior lighting, interior lighting, 
process loads, and street lighting. The gas end uses are space heating and hot water heating. Space heat
ing EUis are simulated only. Hot water heating EUis are taken from previous LBL studies and the MEIP 
surveys. The end uses listed by prototype are displayed in Table 1-1. 

A single street light pole was assumed to consist of a mixture of single and double lamps, with 1.3 lamps 
per pole, and where each lamp is rated at 150 W. These poles are placed every 50 feet. The street length 
for each feeder was estimated from the Fort Hood Base Map. This provided the initial estimate for the 
EDA application. 

EDA requires initial estimates of end-use hourly loads for each prototype. For HV AC end uses (cooling 
and fans), initial estimates result from simulation of the prototype using the DOE-2.10 (BESG, 1990) 
building energy simulation program with Waco, Texas weather data. For non-HV AC end uses (miscel
laneous equipment, refrigeration, cooking, process, exterior and interior lighting), the estimates are gen
erated with the Non-HV AC Load ~enerator, also known as NELDIG (Akbari, et. al. 1989). NELDIG 
combines the peak intensity for each end use (equipment/lighting/etc) with a fraction derived from proto
typical schedules. This results in an annual hourly load profile for each non_HV AC end use. The simu
lated load shapes are presented in Appendix B. As an example, the simulated summer standard day load 
shapes for the large administration prototype are displayed in Figure 3-6(a). The prototype development 
procedure is illustrated in Figure 3-7. 

During the summer the total cooling and fan loads can be attributed to temperature-independent (base) 
and temperature-dependent demands. The cooling and fan temperature-independent and temperature
dependent loads are estimated from the hourly cooling and fan results of the DOE-2 simulation, respec
tively. The base cooling load is determined by averaging (by daytype and hour) the simulated summer 
cooling hourly load whenever the outdoor drybulb temperature is in the range of 65 or below. The base 
temperature of 65 is selected based on the visual inspection of data. 

1 N 
DOE2_Cool_Loadsum.ba<e,proto_i = ( N) L DOE2_Cool_Loadsum.65bclow,proto_i 

I 

[4] 

The base fan load is assumed initially to be 113 of the base cooling load, which is based on a previous 
LBL study (Akbari, et al. 1993). 

DOE2_Fan_Loadsum.ba<e.proto_i = 0.33 DOE2_Cool_Loadsum.base.proto_i [5] 

Simulated temperature-dependent hourly cooling is found by subtracting the base cooling from the total 
simulated hourly cooling. The same is done for fans. 

DOE2_Cool_Loadsum.td.proto_i = DOE2_Cool_Loadswn.proto_i- DOE2_Cool_Loadsum.b.,;e.proto_i [6] 
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DOE2_Fan_Loadsum.td.proto_i = DOE2_Fan_Loadsum.proto_i - DOE2_Fan_Loadsum.bao;e.proto_i [7] 

The base and temperature-dependent cooling and fan hourly loads are used as input to EDA. 

Feeder to Prototype Assignment 

The feeder to building assignment data base was reviewed (and revised as discussed in Chapter 2) and 
integrated with the IPS building inventories data to determine the floor area per prototype on each feeder 
(see Figure 3-8). The feeders were assigned the prototypes that cover 90-100% of the floor area of the 
feeder. This ranged from 1 prototype (Feeder 9, hospital) to 10 prototypes (Feeders 10 and 15). The 
remaining 5-10% of the floor area was composed of prototypes that each represented less than 1% or 2% 
of the floor area (in most cases less than 1% ). The feeder to prototype assignment was then used as input 
to EDA, see Table 4-1 for these assignments. 

EDA Application 

The first step was to disaggregate the winter temperature-independent hourly component from the feeder 
data analysis into end uses for each prototype. Cooling had been set equal to zero for the winter season, 
since the measured load data suggested there was no temperature-dependent component and the MEIP 
survey indicated cooling systems were off during winter (the exception is for the hospital on Feeder 9). 
The winter fan and pump load was attributed to moving heated and ventilation air and hot water. The 
winter hourly component was distributed proportionally based on the initial simulated end use hourly 
loads for each prototype and street lighting. 

EDA_Cooi_Loadwin,proro_i = 0 [8] 

DOE2_Fan_Loadw;n,proto_i 
EDA_Fan_Loadw;n.proro_i = ( N ) Feeder_Loadw;n [9J) 

L DOE2_Total_Loadw;n,proto_i 
I 

DOE2_Non_HV AC_Loadw;n.proto ; 
EDA_Non_HV AC_Loadw;n.proto_i = ( N ) Feeder_Loadw;n [10] 

L DOE2_Total_Loadw;n.proto_i 
I 

The second step was to disaggregate the summer temperature-dependent and temperature-independent 
hourly components into end uses for each prototype. The temperature-dependent cooling was determined 
by prorating the estimated temperature-dependent hourly component by the initial simulated cooling 
hourly loads. The same was done to estimate temperature-dependent hourly loads for fans. 

r DOE2_ Cool_Loadsum.td,proro_i 
/ EDA_Cool_Loadsum.td.proro_i = ( N ) Feeder_Loadsum.td [11] 

L DOE2_Cool_Fan_Loadsum.ld.proro_i 
I 

DOE2_Fan_Loadsum.rd.proto ; 
EDA_Fan_Loadsum.ld.proto_i = ( N ) Feeder_Loadsum.rd [12] 

L DOE2_Cool_Fan_Loadsum.td.proto_i 
I 
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The temperature-independent (base) cooling and fan hourly loads were calculated by prorating the sum
mer temperature-independent hourly component with the Non-HV AC end uses and simulated base cool
ing and fans (ti in equations 13 and 14 represents the sum of the Non-HV AC end uses and simulated base 
cooling and fans). 

DOE2_ Cool_Loadsum,base,proto i 
EDA_Cool_Loadsum.ba<c:,proto_i = ( N ) Feeder_Loadsum.ti [13] 

~ DOE2_ti_Loadsum.proto_i 
I 

DOE2_Fan_Loadsum,base,proto_i 
EDA_Fan_Loadsum.base,proto_i = ( N ) Feeder_Loadsum.ti [14] 

~ DOE2_ti_Loadsum,proto_i 
I 

The total cooling load was the sum of the hourly temperature-dependent cooling and the base cooling, 
likewise for fans. 

Pre_EDA_Cool_:_Loadsum.proto_i = EDA_Cool_Loadsum,ba<c:,proto_i + EDA_Cool_Loadsum.td.proto_i [15] 

Pre_EDA_Fan_Loadsum,proto_i = EDA_Fan_Loadsum.base,proto_i + EDA_Fan_Loadsum.td.proto_i [16] 

The summer temperature-independent hourly component was then adjusted by subtracting out the base 
cooling and fan hourly loads. 

N 

Feeder_Loadsum.ti.adj = Feeder_Loadsum.ti- ~ Pre_EDA_Cool_Fan_Loadsum.ba<e,proto_i 
I 

[17] 

The non-HV AC end use hourly loads were found by proportionally distributing the adjusted summer 
temperature-independent hourly component. 

DOE2_Non_HV AC_Loadsum,proto_i 
Pre_EDA_Non_HV AC:._Loadsum.proto_i = ( N ) Feeder_Loadsum,ti.adi [18] 

~ DOE2.:...Totai_Non_HV AC_Loadsum,proto_i 
I 

Then the difference (Error) between the total measured feeder hourly load and the sum of the estimated 
temperature-dependent and temperature-independent hourly components was distributed. This was done 
for summer only (except for Feeder 9). 

E!'ror = Feeder_Loadsum.measured - (Feeder_Loadsum.td + Feeder_Loadsum.ti) [19] 

If the error was greater than zero (regression under-estimate), then it was distributed proportionally based 
on the relative floor area of the prototype to the feeder. However, if the error was less than zero (regres
sion over-estimate), the error was still distributed proportionally, but if this distribution caused any end 
use to become less than zero, then the error was redistributed with the relative floor area decreased by 
50% for any end use less than zero. This process was repeated until all reconciled end-use hourly loads 
were greater than zero. The error was then added to the previously calculated summer end use hourly 
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loads. 

Floor AreaProto i 
EDA_End-Use_Loadsum.proto i = Pre_EDA_End-Use_Loadsum.proto i +(Error ( F - )) 

- - Ioor_AreaFeedc:r 
[20] 

At the completion of this step the raw EDA reconciled hourly loads by end use and prototype were deter
mined. These raw EDA reconciled hourly loads were then averaged by season and daytype to produce 
average load shapes. The winter and summer hourly load files were combined into a single annual file. 
The data in both the hourly and average daily forms were utilized in the Post EDA Data Analysis. 

Post EDA Data Analysis 

The steps involved in the Post EDA Data Analysis are shown in Figure 3-9. The raw EDA reconciled 
hourly loads, annual EUis, and load shapes were inspected for acceptance. If they were not accepted, 
then the feeder to prototype assignment were adjusted (see Chapter 2) based on a remapping of buildings 
to feeders, and EDA must be rerun. If they were accepted, then the raw EDA reconciled hourly loads 
were scaled down by the fraction of floor area utilized by the feeder. Table 4-1 shows the floor area frac
tion by which the raw hourly loads are scaled. 

EDA_End-Use_LoadScaJed,proto_i = Floor_Area_FractionFeedc:r x EDA_End-Use_LoadProto_i [21] 

Next, the load shapes were examined for unrealistic behavior in the shoulder hours. Because the proto
type schedules do not ideally reflect the load behavior in the reconciled load shapes, the shoulder hours 
periodically exhibited spikes for some end uses. These spikes were smoothed with a linear fit within the 
scaled EDA reconciled hourly loads for whatever end uses it was necessary. Figure 3-6(b) exhibits the 
reconciled summer standard day load shapes for the large administration prototype on Feeder 2 that 
require smoothing for hours 17 through 20. The smoothed version is shown in Figure 3-6(c). The 
smoothed load shapes for all feeders analyzed are presented in Appendix C by prototype. 

At this point the scaled and smoothed annual EUis and load shapes were examined for a final time to 
determine which would be implemented in the final weighting step. The prototypes accepted were com
bined into a final weighted reconciled prototype based on the relative floor area of like prototypes from 
different feeders. Figure 3-6(d) displays the final weighted load shapes of the large administration proto
type for summer standard days, which is a weighted combination from Feeders 2 and 5. The final 
weighted load shapes are displayed in Appendix C. 

N 

L EDA_End-Use_LoadScaled.smoothcd.proto_i X Floor_AreaProto_i 
I 

EDA_End-Use_LoadFinal,proto_i = .....:..--------,N-:-------------

L Floor_AreaProto_i 
I 

[22] 
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Chapter4 
Results 

The EDA was applied to 10 feeders in Fort Hood; Feeders 2, 3, 5, 9, 10, 12, 15, W4, W5, and W6. The 
results for these 10 feeders are presented in the order listed below. 

• Prototype Selection by Feeder 

• DOE-2 Simulated Electric and Gas Enduse Annual EUis 

• EDA Reconciled Electric Enduse Annual EUis by Feeder 

• EDA Reconciled Total Electric Annual EUis by Feeder 

• Weighted EDA Reconciled Electric Enduse Annual EUis 

• Simulated and EDA Reconciled Street Lighting Annual EUis 

• EDA Validation 

• Electronic Data 

Prototype Selection by Feeder 

Table 4-11ists the prototypes selected by feeder. Note, that the quantity in the fourth column of Table 
4-1 indicates the fraction of total prototype floor area to total feeder floor area. Except, in the cases of 
Feeder 4 (water pump), Feeder 9 (hospital), and Feeder W5 (two-plex residential and large retail), the 
total prototype floor area did not sum to 100% of the total feeder floor area. The remaining 5-l 0% of the 
floor area was composed of prototypes that each represented less than 1% or 2% of the floor area (in most 
cases less than 1% ). Executing EDA on prototypes representing a very small fraction of floor area was 
deemed impractical because of the instability of the EDA load shapes for these prototypes. The floor area 
fraction is the quantity that the raw EDA hourly end use loads are scaled down by in Equation [21]. For 
Feeders 2, 3, 5, 10, and 15 a miscellaneous prototype is shown, these are a floor area weighted combina
tion of the miscellaneous building types listed for each of the feeders. 

DOE-2 Simulated Electric and Gas Enduse Annual EU/s 

Table 4-2 summarizes the DOE-2 simulated annual EUis for each prototype and end use identified in 
Table 1-1. The electric end uses are space cooling, ventilation (AHU, fans, chilled and hot water pumps), 
cooking, miscellaneous/plugs, refrigeration, exterior lighting, interior lighting, and process loads listed in 
columns 2 through 9, respectively. The total electric EUI is displayed in column 10. The gas end uses 
are space heating and hot water heating and are listed in columns 11 and 12, respectively. 

EDA Reconciled Electric Enduse Annual EU/s by Feeder 

Table 4-3 summarizes the EDA reconciled annual electric EUis for all of the feeders, identified by 
feeder, prototype, and end use. These are the results obtained after scaling and smoothing the raw EDA ~ 
hourly loads. Feeders are identified by the suffix following the prototype name. Note, the large adminis-
tration prototypes EUI for the miscellaneous end use includes computer operation. The end-use EUis for 
the residential two-plex prototype on Feeder W5 are much greater than those of the other residential two-
plex prototypes. This is likely due to errors in the feeder-to-building assignment data base as discussed in 
Chapter 2. 
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Table 4-1. Prototype Selection by Feeder 

Feeder Prototype Floor Area ( ft2 ) Floor Area Fraction 

2 Administration - Large 463000 0.489 
Miscellaneous 124686 0.132 

Youth Center 63634 0.067 
Bowling Center 30984 0.033 
Retail - Small 11541 0.012 
Church 11238 0.012 
Library 7289 0.008 

Administration - Small - Old w/ Split DX 118884 0.126 
Gymnasium 62000 0.066 
Administration - Small - New w/ Chiller 49320 0.052 
Administration - Small - New w/ Split DX 44474 0.047 
Barrack - Modular 30649 0.032 
Administration - Small - Old w/ Chiller 26780 0.028 

Total 919793 0.972 

3 Residential - Four Plex 482481 0.266 
Barrack - Hammer Head 454958 0.251 
Administration - Small - Old w/ Chiller 319723 0.176 
Vehicle Maintenance- Small w/ No AC 195941 0.108 
Miscellaneous 67233 0.037 

Retail - Small 23588 0.013 
Library 19975 0.011 
Youth Center 15260 0.008 
Church 8410 0.005 

Barrack - Rolling Pin 66942 0.037 
Warehouse w/ No AC 60974 0.034 
Vehicle Maintenance- Large w/ Split DX 55430 0.031 
Dining Hall 37197 0.020 

Total 1740879 0.960 

4 Water Pump 4442 1.000 

5 Residential - Two Plex 942943 0.533 
Residential - Detached 460130 0.260 
Administration - Large 124817 0.071 
Barrack - Modular 92000 0.052 
Miscellaneous 69981 0.040 

Church 32228 0.018 
Retail - Small 30438 O.oi7 
Library 4320 0.003 
Youth Center 2995 0.002 

Dining Hall 34661 0.020 

Total 1724532 0.976 

9 Hospital 504202 1.000 
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Table 4-1. Prototype Selection by Feeder- Continued 

Feeder Prototype Floor Area ( ft~ ) Floor Area Fraction 

10 Barrack - Rolling Pin 710044 0.307 
Administration - Small - Old w/ Chiller 303107 0.131 
Vehicle Maintenance- Small w/ No AC 261947 0.113 
Administration - Small - Old w/ Split DX 186219 0.081 
Barrack - Hammer Head 175632 0.076 
Miscellaneous 135768 0.059 

Retail - Small 90342 0.039 
Library 33014 0.014 
Church 7492 0.004 
Youth Center 4920 0.002 

Vehicle Maintenance- Large w/ Split DX 135445 0.059 
Dining Hall 98033 0.042 
Barrack - Small 84960 0.037 
Administration - Small - New w/ Split DX 75361 0.033 
Total 2166516 0.938 

12 Residential - Two Plex 384520 0.540 
Residential - Four Plex 203939 0.286 
Residential - Detached 62291 0.087 

Total 650750 0.913 

15 Barrack - Hammer Head 436208 0.269 
Administration - Small - Old w/ Chiller 322972 0.199 
Barrack - Modular 232704 0.143 
Hangar 170010 0.105 
Vehicle Maintenance- Large w/ Split DX 111024 0.068 
Miscellaneous 73299 0.045 

Youth Center 48254 0.030 
Retail - Small 18386 0.011 
Church 6659 0.004 

Vehicle Maintenance- Large w/ Chiller 58080 0.036 
Administration - Small - Old w/ Split DX 51012 0.031 
Dining Hall 48769 0.030 
Gymnasium 41960 0.026 
Total 1546038 0.952 

W4 Residential - Two Plex 1915823 0.843 
Residential - Detached 219173 0.096 
Total 2134996 0.939 

W5 Residential - Two Plex 284688 0.526 
Retail - Large 256116 0.474 

Total 540804 1.000 

W6 Vehicle Maintenance- Large w/ Split DX 205615 0.399 
Vehicle Maintenance- Large w/ Chiller 183244 0.356 
Warehouse w/ Split DX 56800 0.110 
Administration - Small - New w/ Chiller 41331 0.080 
Barrack - Modular 17550 0.034 
Total 504540 0.979 
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Table 4-2. DOE-2 Simulated End-use Annual EUis [ kWh/ft2 yr for electric end-uses]- [ kBtu/ft2 yr for gas end-uses] 

Prototype Cool Fan Cook Mise Ref Ex Lit In Lit Press Total Elec Heatt HotWatert 

Barrack 

HammerHead 3.91 1.33 0.39 2.73 2.98 0.22 3.01 - 14.57 2.72 18.5 

Rolling Pin 5.01 3.72 0.45 1.35 3.00 0.13 2.17 - 15.82 9.45 16.6 

Modular 3.05 0.88 0.33 3.09 2.54 0.13 2.93 - 12.95 13.47 24.8 

Small 3.62 1.62 0.21 1.44 1.65 0.22 1.50 - 10.26 14.21 11.0 

Dining Hall 5.62 1.93 8.87 - 6.13 0.13 5.50 - 28.18 7.35 24.1 

Gymnasium 1.64 0.69 - 0.78 - 0.18 9.21 O.DI 12.50 23.55 11.0 

Administration 

Large 3.86 3.79 - 10.71 - 0.09 5.77 - 24.23 0.18 4.4 

Small - Old w/ Split DX 6.84 3.32 - 2.41 - 0.13 8.25 - 20.95 8.55 2.9 

Small - Old w/ Chiller 5.59 4.80 - 2.41 - 0.13 8.25 - 21.19 5.40 2.9 

Small -New w/ Split DX 4.97 2.42 - 2.41 - 0.13 8.25 - 18.19 I 1.87 2.9 

Small - New w/ Chiller 5.01 4.06 - 2.41 - 0.13 8.25 - 19.86 9.81 2.9 

Vehicle Maintenance 

Small w/ No AC - 0.61 - 0.67 - 0.35 3.48 0.01 5.13 41.36 -
Large w/ Split OX 0.48 0.24 - 0.67 - 0.35 3.48 O.DI 5.23 29.08 -
Large w/ Chiller 0.37 0.33 - 0.67 - 0.35 3.48 O.DI 5.21 28.75 -
Hangar 1.69 1.01 - 0.27 - 0.04 5.00 O.DI 8.03 24.44 -

Hospital 9.50 2.83 1.01 15.82 0.88 0.44 12.59 - 43.06 5.80 1.9 

Residential 

Detached 6.94 0.51 0.22 4.23 0.86 0.39 0.88 - 14.03 12.63 I 1.0 

TwoPiex 6.55 0.50 0.22 4.23 0.86 0.39 0.88 - 13.64 I 1.90 11.0 

FourPiex 6.02 0.55 0.22 4.23 0.86 0.39 0.88 - 13.15 10.88 I 1.0 

Other 

Retail - Large 4.12 3.46 0.43 1.95 1.88 0.44 10.67 - 22.95 0.41 0.9 

Warehouse 

w/NoAC - 0.18 - 0.75 - 0.35 3.48 - 4.75 18.03 -
w/SplitDX 0.72 0.30 - 0.75 - 0.35 3.48 - 5.59 11.02 -

Miscellaneous 

Bowling Center 2.61 0.75 - 5.08 - 0.22 5.15 - 13.80 0.93 -
Church 2.46 0.74 - 0.93 - 0.22 5.61 - 9.96 10.19 -
Grocery Store 4.74 2.38 0.37 4.57 11.49 0.91 8.88 - 33.35 51.44 1.3 

Library 3.47 1.06 - 3.01 - 0.22 10.24 - 17.99 5.28 -
Restaurant- Fastfood 21.70 3.58 4.12 7.74 9.10 3.29 12.45 - 61.98 37.73 8.8 

Restaurant- Sitdown 15.57 2.70 3.12 4.68 5.55 1.17 5.41 - 38.20 40.80 8.8 

Retail - Small 4.51 1.19 0.05 1.87 0.49 0.44 9.34 - 17.89 5.62 0.5 

Youth Center 3.02 0.92 - 2.00 - 0.22 6.82 - 12.98 10.88 -

t Space heating and hot water heating are gas end uses. 
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Table 4-3. EDA Reconciled Electric Enduse Annual EUis by Feeder [ kWh/ft2 yr] 

Prototype Cool Fan Cook Mise Ref Ex Lit In Lit Press Total 

Barrack 
Hammer Head - 3 2.56 1.07 0.23 1.40 1.64 O.IS 1.48 - 8.S3 
Hammer Head - 1 0 3.2S 1.40 0.28 1.76 2.0S 0.19 1.87 - 10.79 
Hammer Head - IS 4.36 1.76 0.33 2.07 2.49 0.23 2.18 - 13.40 
Rolling Pin - 3 3.Sl 2.74 0.26 0.71 1.66 0.10 1.08 - 10.06 
Rolling Pin - 10 4.38 3.S8 0.31 0.87 2.07 0.12 1.37 - 12.71 
Modular- 2 2.77 1.14 0.3S 3.3S 2.71 0.18 3.20 - 13.69 
Modular- S 2.6S 1.02 0.30 2.76 2.43 0.13 2.6S - 11.94 
Modular-IS 4.31 1.21 0.28 2.49 2.18 O.lS 2.34 - 12.96 
Modular- W6 6.16 1.89 0.41 3.69 2.88 0.16 3.38 - 18.S8 
Small-10 S.IO 1.36 0.16 0.99 1.16 0.19 1.03 - 9.99 
Dining Hall - 3 4.02 I.S3 4.48 - 3.47 0.10 2.79 - 16.39 
Dining Hall - S 4.83 2.09 7.87 - S.89 0.13 4.8S - 2S.66 
Dining Hall - 10 S.Ol 2.04 S.48 - 4.28 0.12 3.42 - 20.3S 
Dining Hall - IS 7.09 2.60 6.60 - S.20 O.IS 4.11 - 2S.75 
Gymnasium - 2 1.32 0.80 - 0.67 - 0.23 7.90 o.os 10.97 

Gymnasiu'!l - IS 2.32 0.90 - 0.60 - 0.19 S.8S 0.09 9.9S 

Administration 
Large- 2 2.80 3.21 - 8.73 - 0.12 4.70 - 19.S7 
Large- S 2.97 3.08 - 9.86 - 0.09 S.31 - 21.32 
Small - Old w/ Split DX - 2 4.60 2.61 - 1.74 - 0.18 S.92 - IS.OS 
Small -Old w/ Split DX- 10 9.81 2.67 - 1.37 - 0.12 4.62 - 18.S9 
Small- Old w/ Split DX- IS 17.10 3.S8 - 1.62 - O.IS S.47 - 27.92 
Small - Old w/ Chiller - 2 4.98 4.83 - 1.74 - 0.18 S.92 - 17.6S 
Small - Old w/ Chiller - 3 3.7S 3.47 - 1.11 - 0.10 3.73 - 12.16 
Small - Old w/ Chiller - 10 4.78 4.S7 - 1.37 - 0.12 4.62 - 1S.47 
Small - Old w/ Chiller - 1S 6.40 S.91 - 1.62 - O.lS S.47 - 19.S6 
Small -New w/ Split DX- 2 3.32 1.88 - 1.74 - 0.18 S.92 - 13.04 
Small - New w/ Split DX - 10 7.21 1.9S - 1.37 - 0.12 4.62 - IS.27 
Small - New w/ Chiller - 2 4.3S 4.02 - 1.74 - 0.18 S.92 . - 16.21 
Small - New w/ Chiller - W6 10.12 8.32 - 1.82 - 0.16 6.18 - 26.S9 

Vehicle Maintenance 
Small w/NoAC- 3 - 0.41 - 0.40 - 0.23 1.62 0.03 2.69 
Small w/No AC- 10 - O.S2 - 0.48 - 0.28 1.97 0.04 3.29 
Large w/ Split DX - 3 0.42 0.22 - 0.40 - 0.23 1.62 0.03 2.92 
Large w/ Split DX - 10 0.50 0.27 - 0.48 - 0.28 1.97 0.04 3.SS 
Large w/ Split DX- IS 0.74 0.34 - O.S8 - 0.34 2.3S 0.05 4.39 
Large w/ Split DX- W6 1.13 0.46 - 0.69 - 0.43 2.78 0.03 S.S2 
Large w/ Chiller- IS 0.47 0.43 - O.S7 - 0.34 2.33 o.os 4.19 
Large w/ Chiller- W6 0.70 0.63 - 0.69 - 0.43 2.78 0.03 S.27 
Hangar-IS 1.71 1.32 - 0.2S - O.Q7 3.49 0.04 6.88 

Hospital-9 6.24 1.72 0.68 11.81 0.61 0.33 9.40 - 30.80 

Residential 
Detached- S S.09 0.44 0.21 3.78 0.86 0.38 0.81 - II.S7 
Detached - 12 6.33 0.56 0.27 4.63 1.04 0.43 0.96 - 14.22 

Detached - W 4 4.S3 0.40 0.20 3.29 0.73 0.31 0.68 - 10.14 
Two Plex- S 4.82 0.42 0.21 3.78 0.8S 0.38 0.81 - 11.28 
TwoPiex -12 6.00 O.S2 0.28 4.63 1.03 0.43 0.96 - 13.8S 
Two Plex- W4 4.29 0.37 0.20 3.29 0.73 0.31 0.68 - 9.88 
TwoPlex- WS 12.11 1.20 0.60 11.63 2.70 1.37 2.43 - 32.04 
Four Plex- 3 6.8S 0.41 0.16 2.20 O.S7 0.26 0.50 - 10.9S 
Four Plex- 12 5.SI O.S4 0.28 4.63 1.03 0.43 0.96 - 13.37 

Other 
Retail - Large- WS 9.00 8.74 1.16 S.29 S.74 I.S3 29.09 - 60.S4 

Warehouse 
w/NoAC-3 - 0.16 - 0.44 - 0.22 1.67 - 2.49 
w/ Split DX- W6 2.41 0.53 - 0.7S - 0.43 2.78 - 6.90 

Miscellaneous 
2 2.17 0.7S O.OS 3.39 0.06 0.34 6.20 - 12.95 

3 4.49 0.71 O.Q7 1.20 0.19 0.21 4.84 - I 1.71 

s 2.87 0.77 0.07 !.SO 0.31 0.36 7.7S - 13.62 

10 S.S8 0.86 0.08 1.26 0.33 0.28 5.56 - 13.96 

IS 8.91 1.14 0.09 1.65 0.16 0.26 S.83 - 18.05 
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EDA Reconciled Total Electric Annual EUls by Feeder 

Table 4-4 summarizes the EDA reconciled annual total electric EUis for all of the feeders, the DOE-2 
simulated annual total electric EUI, and the EDA weighted reconciled annual total electric EUI for the 
prototypes identified in Table 1-1. 

Some EUis or load shapes, as noted on Table 4-4 with a single dagger, appear higher than expected or 
unrealistic and hence these results were not used in the calculation of the EDA weighted EUis in the final 
column. Also, in Table 4-4 the EUis with a double dagger identify prototypes that were only represented 
by a single feeder and had higher than expected EUis, but were used as final results. The miscellaneous 
prototype EUis were not merged into a single weighted value because the prototype was composed 
uniquely for each feeder. 

The results for Feeder 2 show 2 prototypes with a single dagger, which are gymnasium (6.6% relative 
floor area) and old small administration with chiller (2.8% ). In the case of the gymnasium, the load 
shapes are very doubtful within the shoulder hours of 5 - 9 and 17 - 23. The cooling load shape of the old 
small administration with chiller, illustrated a noticeably higher load during the shoulder hours than nor
mal operating hours. 

The space cooling EUI for the old small administration with split dx on Feeder 15 is unusually high 
(about 3 times higher than expected). For this reason it was omitted. 

The EUis for Feeder W5 are unreasonably high. Compare the two-plex residential prototype EUI of 
Feeder W5 with those of Feeders 5, 12, and W4, it is 2 112 to 3 times as high. The EUI of the large retail 
store for Feeder W5 is the only one available, but it is almost 3 times as high as the DOE-2 simulated 
EUI. We feel that there are actually more buildings connected to Feeder W5 that were indicated in the 
feeder to building data base discussed in Chapter 2. 

The EUis of Feeder W6 are substantially higher than those of other feeders, but the load shapes appear 
reasonable. The warehouse with split dx is the only prototype available and a comparison was not avail
able. 

Weighted EDA Reconciled Electric Enduse Annual EU/s 

Table 4-5 summarizes the final weighted EDA reconciled electric end use annual EUis. The prototypes 
from Table 4-3 were combined under the methodology described in Chapter 3 to obtain the EUis seen in 
this table. We feel confident in all prototypes listed in Table 4-5 with the exception of the large retail 
store for reasons discussed above. 

) 

Simulated and EDA Reconciled Street Lighting Annual EU/s 

Table 4-6 summarizes the simulated and EDA reconciled street lighting annual EUis by feeder. The 
simulated (initial) EUI was derived according to the procedure described in Chapter 3. The street lighting 
was not estimated for Feeders 4 and 9. 

EDA Validation 

The total energy consumption in [GWhlyr] by prototype, for all the feeders analyzed, are displayed in the 
first 2 columns in Table-4-7. These values were obtained by combining EUis and floor area for all usable 
EDA prototypes in Table 4-4, water pump data from feeder 4, and street lighting. 

The EDA results for the 10 feeders analyzed were then extrapolated to the entire base. The energy con
sumption of the 10 feeders were scaled by the ratio of the total floor area of the base to the total floor area 
of the feeders for each prototype. Water pump data were not scaled. The extrapolated results by 
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Table 4-4. EDA Reconciled Total Electric Annual EUis by Feeder [ kWh/sqft/yr] 

Prototype DOE-2 2 3 5 9 10 12 15 W4 W5 W6 EDAAvg 

Barrack 

Hammer Head 14.57 - 8.53 - - 10.79 - 13.40 - - - 10.90 
Rolling Pin 15.82 - 10.06 - - 12.71 - - - - - 12.48 
Modular 12.95 13.69 - 11.94 - - - 12.96 - - 18.5Xt 12.76 
Small 10.26 - - - - 9.99 - - - - - 9.99 
Dining Hall 28.18 - 1(}.39 25.(}6 - 20.35 - 25.75 - - - 21.72 
Gymna.•ium 12.50 10.97t - - - - - 9.95 - - - 9.95 

Administration 

Large 24.23 19.57 - 21.32 - - - - - - - 20.06 
Small - Old w/ Split DX 20.95 15.05 - - - 18.59 - 27.92t - - - 17.(}3 
Small - Old w/ Otiller 2l.l9 17.65t 12.1(} - - 15.47 - 19.56 - - - 15.75 
Small - New w/ Split DX UU9 13.04 - - 15.27 - - - - - 14.75 
Small- New w/ Otiller 19.86 16.21 - - - - - - - - 26.59t 16.21 

Vehicle Maintenance 

Small w/ No AC 5.13 - 2.69 - - 3.29 - - - - - 3.03 
L!rge w/ Split DX 5.23 - 2.92 - - 3.55 - 4.39 - - 5.52t 3.74 
Large w/ Otiller 5.21 - - - - - - 4.19 - - 5.27t 4.19 
Hangar 8.03 - - - - - (}.88 - - - 6.88 

Hospital 43.06 - - - 30.XO - - - - - - 30.80 

Residential 

Detached 14.03 - - 11.57 - - 14.22 - 10.14 - - 11.37 
TwuPlex 13.64 - 11.28 - - 13.85 - 9.88 32.04t - 10.76 
FourPlex 13.15 - 10.95 - - - 13.37 - - - - 11.67 

Other 

Retail - Large 22.95 - - - - - - - - 60.54 - 60.54:j: 
WarehotL•e w/ No AC 4.75 - 2.49 - - - - - - - - 2.49 
WarehotL•e w/ Split DX 5.59 - - - - - - - - - 6.90 6.90:j: 
Miscellaneous - 12.95 11.71 13.62 13.% - 18.05 - - - § 

:j: These EUis appear to be out of range compared to similar EUis estimated from analysis of other 
feeders, or the load shapes are unrealistic. In the column titled "EDA Avg", these "questionable" 
results are omitted in estimating the average EUis and load shapes. 

:j: The EUis are higher than expected for tllis prototype, which is represented by only 1 feeder. 

§ DOE-2 simulated and EDA weighted average EUis for the miscellaneous prototype hold no value 
because it is defined uniquely for each feeder. 
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Table 4-5. Weighted EDA Reconciled Electric Enduse Annual EUis [ kWh/sqftlyr] 

Prototype Cool Fan Cook Mise Ref Ex_Lit In Lit Prc.<s Total 

Barrack 

Hammer Head 3.41 1.40 0.28 1.73 2.05 0.19 1.83 - 10.90 
Rolling Pin 4.31 3.51 0.31 0.86 2.03 0.12 135 - 12.48 
Modular 3.75 1.15 0.30 2.63 2.29 0.15 2.50 - 12.76 
Small 5.10 1.36 0.16 0.99 1.16 0.19 1.03 - 9.99 
Dining Hall 5.28 2.09 5.94 - 4.60 0.13 3.69 - 21.72 
Gymnasium 2.32 0.90 - 0.60 - 0.19 5.85 0.09 9.95 

Administration 

Large 2.85 3.18 - 9.05 - 0.12 4.87 - 20.06 
Small- Ole! w/ Split DX 8.39 2.66 - 1.47 - 0.14 4.98 - 17.63 
Small - Olcl w/ 01iller 4.98 4.65 - 137 - 0.12 4.61 - 15.75 
Small - New w/ Split DX 6.30 1.93 - 1.45 - 0.13 4.92 - 14.75 
Small- New w/ Chiller 4.35 4.02 - 1.74 - 0.18 5.92 - 16.21 

Vehicle Maintenance 

Small w/ No AC - 0.48 - 0.45 - 0.26 1.82 0.04 3.03 
Large w/ Split DX (l.57 0.28 - 0.50 ·- 0.29 2.05 0.04 3.74 
Large w/ Chiller 0.47 0.43 - 0.57 - 0.34 2.33 0.05 4.19 
Hangar 1.71 1.32 - 0.25 - 0.07 3.49 0.04 6.88 

Ho.<pital 6.24 1.72 0.68 11.81 0.61 0.33 9.40 - 30.80 

Re.<idential 

Detached 5.03 0.44 0.21 3.71 0.83 0.37 0.78 - 11.37 
TwoPlex 4.65 0.40 0.21 3.59 0.80 0.35 0.75 - 10.76 
Four Plex 6.45 0.44 0.19 2.92 0.70 0.31 0.64 - 11.67 

Other 

Retail - Large 9.00 8.74 1.16 5.29 5.74 1.53 29.09 - 60.54 

Warehouse 

w/NoAC - 0.16 - 0.44 - 0.22 1.67 - 2.49 

w/Split DX 2.41 0.53 - 0.75 - 0.43 2.78 - 6.90 

Table 4-6. Simulated and EDA Reconciled Annual Street Lighting EUis [ MWh/yr ] 

Feeder Sim EDA 

2 1025 1369 
3 1066 687 
4 - -
5 1066 1054 
9 - -
10 1066 878 
12 533 652 
15 1025 1006 

W4 1066 900 
W5 410 1439 
W6 137 169 
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prototype are displayed in columns 3 and 4 in Table 4-7. Also, extrapolated results by end use are shown 
in column 1 of Table 4-8. The EDA predicted annual hourly electrical usage for the entire base is illus
trated in the upper portion of Figure 4-1. 

Texas utility annual hourly electrical usage data (see Figure 2-1) were used to check EDA results extra
polated to the entire base. The difference between the Texas utility annual hourly electrical usage and the 
EDA predicted annual hourly electrical usage is shown in the lower portion of Figure 4-1. In this plot, 
the larger fluctuations occur during shoulder hours, which are inherently less stable than normal operating 
hours. If the fluctuations in the lower portion of Figure 4-1 are ignored, the EDA predicted usage is 
always less than the Texas utility data (the last 10 days of the year excluded). The comparison for the last 
10 days of the year reveal that EDA overpredicts usage, this is due to nonstandard days being modeled as 
standard days. The Texas utility data should exceed the EDA predicted usage because Texas utility 
measures on the high side of the transformer, while PNL measured on the low side. Also, feeder line loss 
was not accounted for in ED A. 

The EDA predicted total annual electrical usage is compared as a percentage to the total annual Texas 
utility data by prototype in column 5 of Table 4-7, and by end use in column 2 of Table 4-8. Clearly, the 
barrack, administration, and residential prototypes are the largest consumers of energy at 70%, and by end 
use, cooling, ventilation, miscellaneous, and indoor lighting consume almost 80%. The total energy con
sumption of the main and west substations serving Fort Hood predicted by EDA is 95.3% of the Texas 
utility data. This excess difference of 4.7% can be attributed to transformer loss, feeder line loss, and any 
error within the input data or methodology. 



- 37-

Table 4-7. EDA Predicted Annual Energy Consumption by Prototype 

Prototype 
EDA Application Extrapolated to Fort Hood 

Area [Sqft] EDA [GWh/yr] Area [Sqft] EDA [GWh/yr] Percent ofTexa• Utility 

Barrack 

Hammer Head 1066798 11.6 1066798 11.6 3.3 
Rolling Pin 776986 9.7 1810654 22.6 6.5 
Modular 355353 4.5 1647994 21.0 6.0 
Small 84960 0.8 403967 4.0 1.2 
Dining Hall 218660 4.7 505877 11.0 3.1 
Gymna•ium 41960 0.4 223595 2.2 0.6 

Administration 

Large 587817 11.7 674113 13.5 3.9 
Small Ole! w/ Split DX 305103 5.3 1153551 20.3 5.8 
Small Ole! w/ 01iller 945802 14.9 2029777 32.0 9.1 
Small New w/ Split DX 119835 1.7 373706 5.5 1.6 
Small New w/ Chiller 49320 0.8 356215 5.8 1.7 

Vehicle Maintenance 

Small w/ No AC 457888 1.4 1034912 3.1 0.9 
Large w/ Split DX 301899 1.1 1037480 3.9 1.1 
Large w/ Chiller ·· 58080 0.2 446072 1.9 0.5 
Hangar 170010 1.2 743895 5.1 1.5 

Hospital 504202 15.5 504202 15.5 4.4 

Resiclential 

Detached 741594 8.4 1141815 13.0 3.7 
TwoPiex 3243286 34.9 4936284 53.1 15.2 
FourP1ex 686420 8.0 2490464 29.1 8.3 

Other 

Retail Large 256116 15.5 256116 15.5 4.4 

WarehmL•e 

w/NoAC 60974 0.2 1137313 2.8 0.8 
w/Split DX 56800 0.4 283407 2.0 0.6 

Miscellaneous 470%7 6.6 1245593t 17.5 5.0 

Water Pump . 3.2 . 3.2 0.9 

Street Light' . 8.2 . 18.1 5.2 

EDA Total 11560830 170.9 25503800 333.4 95.3 

Texa• Utility . . . 349.6 100.0 

t Miscellaneous floor area includes non-building, utility, water pump, and fuel station. 

Table 4-8. EDA Predicted Annual Energy Consumption by Enduse 

Encluse EDA [GWh/yr] Percent of Texa' Utility 

Cooling 107.4 30.7 
Fans 38.4 11.0 
Cooking 6.8 1.9 
Miscellaneous 61.0 17.4 
Refrigeration 21.1 6.0 
Exterior Lighting 6.4 J.8. 
Interior Lighting 70.7 20.2 
Process 0.2 0.1 
Street Lighting llU 5.2 
Water Pump 3.2 0.9 

EDA Total 333.4 95.3 

Texas Utility 349.6 100.0 
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Electronic Data 

. The results outlined below are available electronically in ascii text format. 

For Each Prototype 

• DOE-2 Prototype Input File 

• DOE-2 Simulated Enduse Annual Hourly Loads 

• DOE-2 Simulated Enduse Load Shapes - Winter - Standard Day 

• DOE-2 Simulated Enduse Load Shapes- Winter- Nonstandard Da)! 

• DOE-2 Simulated Enduse Load Shapes - Summer - Standard Day 

• DOE-2 Simulated Enduse Load Shapes - Summer - Nonstandard Day 

For Each Prototype and Feeder 

• EDA Reconciled Enduse Annual Hourly Loads 

• EDA Reconciled Enduse Load Shapes- Winter- Standard Day 

• EDA Reconciled Enduse Load Shapes- Winter- Nonstandard Day 

• EDA Reconciled Enduse Load Shapes- Summer- Standard Day 

• EDA Reconciled Enduse Load Shapes- Summer- Nonstandard Day 

For each Prototype 

• Weighted EDA Reconciled Enduse Annual Hourly Loads 

• Weighted EDA Reconciled Enduse Load Shapes- Winter- Standard Day 

• Weighted EDA Reconciled Enduse Load Shapes- Winter- Nonstandard Day 

• Weighted EDA Reconciled Enduse Load Shapes- Summer -Standard Day 

• Weighted EDA Reconciled Enduse Load Shapes- Summer- Nonstandard Day 
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Chapter 5 
Conclusion 

The quality of the input data and methodology are both sources of uncertainty, which were examined and 
their limitations identified. Then, recommendations are discussed for improvements, which may add pre
cision to the results of the next generation of this application. Finally, the next phase of work is outlined, 
which is the extrapolation of the results from Fort Hood to other DoD installations. 

• Accuracy of the Results 

• Recommendations 

• Extrapolation of the Results to Other DoD Installations 

Accuracy of the Results 

The accuracy of the results were examined qualitatively to highlight areas of uncertainty. There was no 
attempt to quantify uncertainty, which sources from the input data and methodology. 

The input data that demands the highest level of accuracy are the measured feeder hourly load, feeder-to
building assignment, IFS building inventory, and MEIP onsite survey. 

The measured feeder hourly load data contained missing or questionable data for most of the feeders as 
discussed in detail in Chapter 2. Some of the feeders exhibited a difference in winter load during the 2 
winter periods, January 1 through AprillO and October 23 through December 31. This difference may be 
related to feeder switching, which alters the set of buildings connected to a feeder. There were no avail
able data documenting feeder switching. 

The feeder-to-building assignment data base was questionable for several Feeders, 2, 14, 16, W5, and 
W6. This was discussed in detail in Chapter 2. 

The IFS building inventory data base contained the building category code, which identifies the 
building's function. These category codes were used to group the buildings into prototypes, in addition to 
the ftoor area, year of construction, and HV AC system type. 

The MEIP onsite survey data we used was not a final version and frequently contained conflicting data. 
For example, the text discussing a building might indicate that the building has 2 ftoors, but a summary 
table may indicate 3 ftoors. This level of confusion was evident for most of the buildings in the survey. 
Also, the survey lacked completeness. Some of the buildings were modeled as multiple zones with great 
detail, while some were described modestly as a single zone. 

The schedules were primarily obtained from the MEIP survey. These schedules often included extended 
operating hours, and coupled with excessive electricity consumption produced over-estimated demands. 
This can be observed in Table 4-4, where the DOE-2 simulated EUI is usually higher than the EDA 
reconciled EUI for like prototypes. Also, schedules are inherently less certain during shoulder hours than 
non-shoulder hours. 

The building ftoor area was reported from 2 sources, the IFS building inventory and the MEIP onsite sur-
, vey. The IFS building inventory data ba<;e was the primary source since it contained ftoor area data for all 
5122 buildings. However, the ftoor area data listed in the IFS data base did not match that in the MEIP 
survey. 

The HVAC system type was found in 3 sources, the IFS building inventory, the MEIP onsite survey, and 
the chiller data ba<;e. The IFS building inventory data base was the source used to classify the buildings 
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into prototypes, since it identified systems either by ventilation only, packaged direct expansion, or cen
trifugal chiller. The MEIP survey was used to identify the prototype's system type. Again, these two 
data bases were not always in agreement concerning the system type. The chiller data base was not 
employed (except in the case of the hospital), since the information often was not in alignment as that 
reported in the other two data bases. 

The mechanical equipment data base was compared with the MEIP motor survey for 7 buildings and 
resulted in frequent differences. These ~ifferences are discussed in Chapter 2. _Because of this uncer
tainty the data were not used. 

The uncertainties associated with the methodology are discussed below. 

The temperature-dependent and temperature-independent components of the load are calculated from a 
statistical analysis of the measured feeder load data as discussed in Chapter 3. This method produces a 
difference between the calculated components and the actual load data. This difference is prorated by 
prototype and end use based on the relative floor area of the prototype to the floor area of the entire 
feeder. This difference was usually less than 10% of the hourly load. 

The EDA application disaggregated hourly load based on DOE-2 simulated load shapes and the proto
types assigned to each feeder. Any error associated with these two operations would have an effect on the 
distribution. 

The nonstandard day results show HV AC load shapes with greater load during the shoulder hours than 
normal operating hours. This may be the result of the input schedules in DOE-2 simulation, which results 
in overpredicting the HV AC load during shoulder hours and underpredicting during normal operation. 
This effect was observed a few times in standard day operation. 

The feeder load was monitored at the substation, so naturally feeder line power loss results from the 
transmission. However, no data was available to identify the magnitude of the line power loss. 

The EDA raw hourly results were scaled downward by the fraction of floor area covered by the prototypes 
served by each feeder. This scaling was weighted equally for all the prototypes of the feeder. 

The smoothing operation which produced more realistic load shapes showed a. negligible effect on the 
annual EUis. The effect was less than 0.1% for most cases and never greater than 1%. 

Recommendations 

The problem of DOE-2 overpredicting energy consumption because of incorrect schedule information can 
be alleviated by short-term end use monitoring of carefully selected representative buildings. This could 
especially aid in more accurately modeling the shoulder hours. Another benefit may be to correct the 
"inverted" load shape effect, where the shoulder hours are greater in magnitude than normal operating 
hours. 

The procedure of separating temperature-dependent and temperature-independent load components and 
distributing the difference from the measured load is a time consuming process. A quicker method may 
be to assume the summer temperature-independent component equals the winter average daily load, then 
the summer temperature-dependent hourly component would equal the difference between the measured 
hourly load and the winter average daily load with no error to distribute. 

Feeder_Loadsum.td = Feeder_Loadsum.meaured - Feeder_Loadwin.avg [23] 



-42-

The feeder to building assignment data needs to accurately reflect the actual buildings connected to the 
feeders. 

Extrapolation of the Results to Other DoD Installations 

The second phase of this project consists of extrapolating the results obtained from Fort Hood to other 
DoD installations. Here we outline 3 methods to accomplish this objective. 

The first, c~lled 'DOE-2 Scaling', is the least time consuming of the three methods. It uses hourly data 
. from DOE-2 simulations and EDA reconciliations of Fort Hood prototypes, and weather data from each 
DoD installation. The hourly ratios of the HV AC end uses (electric space cooling, electric ventilation, 
and gas space heating) from the simulations, of the DoD installation to Fort Hood, are used to scale the 
hourly EDA results from Fort Hood. The non-HV AC ~nd uses will not be modified from the Fort Hood 
result. This approach is modeled in equations [24 and 25], where the subscript 'i' identifies the number of 
prototypes in the installation and 'j' the number of end uses. 

OOE2_HV AC_Loadnoo,hour,proto_ij 
HV AC_Loadnoo.hour,proto_ij = ( DOE2 HVAC Lo d .. ) EDA_HVAC_LoadFort_Hood.hour,proto_ij [24] 

- - a Fort_Hood,hour,proto_IJ 

Non_HV AC_Loadnoo,hour,proto_ij = EDA_Non_HV AC_LoadFort_Hood,hour,proto_ij [25] 

The second, called the 'Simplified Approach', adds one step to the 'DOE-2 Scaling' method. The annual 
total EUI of all prototypes is constrained by the annual total EUI of the installation from utility data. This 
constraint is illustrated in equation [26]. 

M,N 

Utility_Billing_Datanoo.annual = ~ (HV AC_Loadnoo.annual,proto_ij + Non_HV AC_Loadnoo,annual,proto_i,j) [26] 
I 

The third method requires a complete EDA analysis of the DoD installation, however the methodology 
differs from that used in this project. In this project, prototypes were grouped and reconciled by feeder, 
with DOE-2 simulations providing initial estimates of HVAC end uses. In Phase II, prototypes will be 
grouped and reconciled on the whole installation level, with DOE-2 simulations providing initial esti
mates of HV AC end uses, and Fort Hood EDA results providing initial estimates of non-HV AC end uses. 

( 
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Appendix A 
Feeder Data Analysis 

The measured feeder hourly electricity use data and the results of analyses are presented in this appendix. 
The feeder annual hourly electricity use data may have been modified from the original data. If the origi
nal data were not modified, then the plot entitled "Modified Feeder Annual Hourly Electricity Use" is not 
included in the presentation. 

Figure A-x(a). Original Annual Hourly Electricity Use 

Figure A-x(b). Modified Annual Hourly Electricity Use 

Figure A-x(c). Day-of-Week Average Load Shapes- Winter 

Figure A-x(d). Day-of-Week Average Load Shapes- Summer 

Figure A-x(e). Feeder Load vs. Outdoor Drybulb Temperature- Winter- Standard Day 

Figure A-x(f). Feeder Load vs. Outdoor Drybulb Temperature Winter- Nonstandard Day 

Figure A-x(g). Feeder Load vs. Outdoor Drybulb Temperature Summer - Standard Day 

Figure A-x(h). Feeder Load vs. Outdoor Drybulb Temperature Summer - Nonstandard Day 

Feeder 2 

The feeder annual hourly load plot illustrates a wintertime load change between 1500 kW and 2100 kW 
-and a summertime load change between 2000 kW and 2800 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 2200 kW to 2800 kW, suggesting a daytime air-conditioning 
load of about 600 kW (about 21% of peak load). 

Feeder 3 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 1000 kW and 1500 kW 
and a summertime load change between 2800 kW and 4000 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 1200 kW to 4000 kW, suggesting a daytime air-conditioning 
load of about 2800 kW (about 70% of peak load). 

Feeder4 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 0 kW and 800 kW and a 
summertime load change between 0 kW and 1200 kW. The hourly load plot shows orderly load 
behavior, where the load takes a value of 0, 400, 800, or 1200 kW. This indicates water pump operation 
is either off or on, with 1 to 3 pumps online. 
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Feeder 5 

The original feeder annual hourly load was not modified. , 
. The feeder annual hourly load plot illustrates .a wintertime load change between 1200 kW and 2300 kW 
and a summertime load change between 3000 kW and 6000 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 2000 kW to 6000 kW, suggesting a daytime air-conditioning 
load of about 4000 kW (about 67% of pe.ak load). 

Feeder9 

The feeder annual hourly load plot illustrates a wintertime load change between 1500 kW and 1900 kW 
and a summertime load change between 1900 kW and 2300 kW. 

The scatter plot of feeder load versus drybulb temperature for winter standard days shows that the winter
time load increases from approximately 1700 kW to 1900 kW, suggesting a daytime air-conditioning load 
of about 200 kW (about 11% ofpe.ak load). 

The scatter plot of feeder load versus dry bulb temperature for summer standard days shows that the sum
mertime load increases from approximately 1900 kW to 2300 kW, suggesting a daytime air-conditioning 
load of about 400 kW (about 17% of peak load). 

Feeder 10 

The feeder annual hourly load plot illustrates a wintertime load change between 1900 kW and 2800 kW 
and a summertime load change between 4500 kW and 6300 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 2700 kW to 6300 kW, suggesting a daytime air-conditioning 
load of about 3600 kW (about 56% of pe.ak load). 

Feeder 12 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 500 kW and 900 kW and 
a summertime load change between 1700 kW and 2800 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 800 kW to 2800 kW, suggesting a daytime air-conditioning 
load of about 20<X> kW (about 71% of peak load). 

Feeder 15 

The feeder annual hourly load plot illustrates a wintertime load change between 1800 kW and 2500 kW 
and a summertime load change between 3500 kW and 4700 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increac;;es from approximately 2000 kW to 4700 kW, suggesting a daytime air-conditioning 
load of about 2700 kW (about 57% of pe.ak load). 



-47-

FeederW4 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 1100 kW and 2200 kW 
and a summertime load change between 3500 kW and 6500 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 2000 kW to 6500 kW, suggesting a daytime air-conditioning 
load of about 4500 kW (about 70% of peak load). 

FeederW5 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 2000 kW and 2900 kW 
and a summertime load change between 3200 kW and 4700 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 2900 kW to 4700 kW, suggesting a daytime air-conditioning 
load of about 1800 kW (about 38% of peak load). 

FeederW6 

The original feeder annual hourly load was not modified. 

The feeder annual hourly load plot illustrates a wintertime load change between 300 kW and 700 kW and 
a summertime load change between 500 kW and 900 kW. 

The scatter plot of feeder load versus drybulb temperature for summer standard days shows that the sum
mertime load increases from approximately 600 kW to 900 kW, suggesting a daytime air-conditioning 
load of about 300 kW (about 33% of peak load). 
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Figure A-3. Scatterplots of Feeder 2 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-4. Scatterplots of Feeder 2 Hourly Load vs. Dry bulb Temperature for Standard Summer Days 
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Figure A-5. Scatterplots of Feeder 2 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-7. Scatterplots of Feeder 3 Hourly Load vs. Drybulb Temperature for Standard Winter Days 
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Figure A-8. Scatterplots of Feeder 3 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-10. Scatterplots of Feeder 3 Hourly Load vs. Dry bulb Temperature for non-Standard Summer Days 
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Figure A-12. Scatterplots of Feeder 4 Hourly Load vs. Drybulb Temperature for Standard Winter Days 

VI 
\0 



-

- - - - - -
. .- ....... . 
f~\'~· 2 .. ~: ... :;.::· ·~ a,::.··· 4"1 :::. s··" ··· ""k···....... ,.· .• ····· 18"'"'" 8 " " • tN '" It 11 M ttl ut " • " '" 110 " • " "' uo " • • '" utFT.=il .0 ,.. oit 

C\1 

.9 
0 "" .... .... - ... I :· 

I . . I ',• : I I ........ . 

- ,... • .... 8'", .... e.·c;:···.·.·. 1a·.\. ;~: . . 1t·:··· ;:;;::: · F" : . 
.... O ... , • 0 I 0 1 0 0 - OJ ,lo, •• 00011 00 

~ ........ 110 ................... u. ............ ........... ......... ~ 
- I 

i .9 .... 
""''I 

~ .:.... .. ..:~-... l' ··-·-·. l' , __ ,_ . l' --·-·· . ~ .. -·-··-·" • I 0 0 0 01 0, I 0 I I I 0 0 

... 13"''" 14'''"' 15''"'' 18''"'' 17'''~.· 

u:.(l) .... 'S! '"" ,. •tnMl It ttMMIHut ..... ,, ttAitiMue tt•ttiMUt ,..----...H--Ue 

-=-··":1" ~II 0 

11' o I !lo 20' • at' 00 ·-I 2%'' ·-I 
...... _., ... ....... 

23' 001-: I 

... 

• .~:·':"- ~·· 0 

2lt ... ~ ••• 

'" tt • • IN ..:.. • • M a.M u:" • • .. '" u!u " " .. s.. U:.. " .. M '" u!.l!,-...,., .. -'""'=•,..-"""'•,_....,,,.:-.....,_.., 

Outdoor Drybulb Temperature ( Degrees Fahrenheit ) 20 to 120 

. ·Figure A-13. Scatterplots of Feeder 4 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-14. Scatterplots of Feeder 4 Hourly Load vs. Dry bulb Temperature for Standard Summer Days 
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Figure A-15. Scatterplots of Feeder 4 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-17. Scatterplots of Feeder 5 Hourly Load vs. Drybulb Temperature for Standard Winter Days 
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Figure A-18. Scatterplots of Feeder 5 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-19. Scatterplots of Feeder 5 Hourly Load vs. Drybulb Temperature for Standard Summer Days 
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Figure A-20. Scatterplots of Feeder 5 Hourly Load vs. Dry bulb Temperature for non-Standard Summer Days 
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Figure A-22. Scatterplots of Feeder 9 Hourly Load vs. Dry bulb Temperature for Standard Winter Days 
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Figure A-23. Scatterplots of Feeder 9 Hourly Load vs. Dry bulb Temperature for non-Standard Winter Days 
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Figure A-24. ·Scatterplots of Feeder 9 Hourly Load vs. Drybulb Temperature for Standard Summer Days 
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Figure A-25. Scatterplots of Feeder 9 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-26. Feeder 10 Data 
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Figure A-27. Scatterplots of Feeder 10 Hourly Load vs. Drybulb Temperature for Standard Winter Days 
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Figure A-28. Scatterplots of Feeder 10 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-30. Scatterplots of Feeder 10 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-32. Scatterplots of Feeder 12 Hourly Load vs. Dry bulb Temperature for Standard Winter Days 
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Figure A-33. Scatterplots of Feeder 12 Hourly Load vs. Dry bulb Temperature for non-Standard Winter Days 
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Figure A-34. Scatterplots of Feeder 12 Hourly Load vs. Drybulb Temperature for Standard Summer Days 
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Figure A-35. Scatterplots of Feeder 12 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-37. Scatterplots of Feeder 15 Hourly Load vs. Drybulb Temperature for Standard Winter Days 
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Figure A-38. Scatterplots of Feeder 15 Hourly Load vs. Dry bulb Temperature for non-Standard Winter Days 
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Figure A-40. Scatterplots of Feeder 15 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-42. Scatterplots of Feeder W 4 Hourly Load vs. Dry bulb Temperature for Standard Winter Days 
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Figure A-43. Scatterplots of Feeder W4 Hourly Load vs. Drybulb Temperature for non-Standard Winter Days 
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Figure A-44. Scatterplots of Feeder W 4 .Hourly Load vs. Dry bulb Temperature for Standard Summer Days 
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Figure A-45. Scatterplots of Feeder W4 Hourly Load vs. Drybulb Temperature for non-Standard Summer Days 
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Figure A-46. Feeder W5 Data 
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Figure A-47. Scatterplots of Feeder W5 Hourly Load vs. Dry bulb Temperature for Standard Winter Days 
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Appendix B 
Prototype Characteristic Tables and DOE-2 Simulated Loadshapes 

Prototype characteristic tables and DOE-2 simulated loadshapes are presented in this appendix in the 
order specified in Table 1-1. 

Tables B-1 to B-30. Prototype Characteristic Tables 

Figures B-1 to B-30. DOE-2 Simulated End-use Load Shapes 
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Tahle B-l(a). Hanunerhead Barrack- Prototype Characteristics 

Construction 
Floor Area (ft2

) 33337 
Number of Floors 3 
Floor Materials 4" Light Weight Concrete 

Carpet wl Pad " 
Roof Materials 318" Built-up Roofing 

3" Rigid Insulation 
4" Light Weight Concrete 

Air Layer 
112" Acoustical Tile 

Slab Material 6" Heavy Weight Concrete 

Wall Materials 1" Exterior Insulation Board 
1/2" Sheathing 

6" Batt Insulation R-19 
Metal Studs 

518" Gypsum Board 
Window Characteristics 

Number of Panes 2 
Shading Coefficient 0.57 
Window/Wall Ratio 0.30 

Non-HV AC Loads 
Exterior Lights (W ltt2

) 0.05 

HVAC System 
Economizer Inactive 
Cooling 
Type Herm Cent Chiller I Cooling Tower 
Setpoint (0 F) 76 
Availability Apr 11 - Oct 22 

Heating 
Type Hot Water Boiler I Natural Gas 
Setpoint (0 F) 72 
Availability Oct 23- Apr 10 

Loads I System Schedule 
Standard Days Monday - Friday 

On Hours 1 - 9 and 17 - 24 
Nonstandard Days Saturday, Sunday, Holiday 

On Hours 1-24 
Intensity 80% of Standard Days 

Table B-l(h). Hanunerhead Barrack- Prototype Zonal Characteristics 

Barrack-; Office Total 
Floor Area. (% total) 58 42 100 
Occupancy 112 75 -
Out-;ide Air I Person (CFM) 10 10 -
Cooking (W/n2

) 0.33 - 0.19 
Interior Light-; (W/ft2) 1.1 1.1 0.68 
Miscellaneous (W /ft2) 1.1 0.4 0.65 
Refrigeration (W/ft2) 0.58 - 0.34 
System Type TPFC VAVS -
Fan Type Const<mt Volume Variable Volume -
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Tahle B-2(a). Rolling Pin Barrack - Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of P<mes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light~ (W lft2) 

HVACSystem 
Economizer 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Stcmdard Days 

On Hours 
Nonstandard Days 

On Hours 

64666 
3 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
3" Rigid Insulation 

Steel Deck 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

4" Face Brick 
Air Layer 

8" Concrete Ma-;onary Unit, Medium, Hollow 

1 
0.57 
0.30 

0.03 

Inactive 

Herm Cent Chiller I Cooling Tower 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Ga-; 
74 

Oct 23 - Apr 10 

Monday - Friday 
1 - 9 cmd 17 - 24 

Saturday, Sunday, Holiday 
1-24 

Tahle B-2(h). Rolling Pin Barrack- Prototype Zonal Characteristics 

Barracks Office Total 
Floor Area (% total) 67 33 100 
Occupancy 544 35 -
Out-;ide Air I Person (CFM) 10 10 -
Cooking (W lft2) 0.33 - 0.22 
Interior Lights (W lft2) 0.81 0.81 0.57 
Miscellaneous (W lft2) 0.40 0.40 0.28 
Refrigeration (W lft2) 0.63 - 0.42 
System Type VAVS VAVS -
Fan Type Variable Volume Variable Volume -
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Table B-3(a). Modular Barrack - Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Ro(>f Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ra.tio 

Non-HV AC Loads 
Exterior Lights (W lft2) 

HVAC System 
Economizer 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 
Intensity 

33633 
3 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
2" Rigid Insulation 

6" Light Weight Concrete 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

4" Face Brick 
Air Layer 

6" Concrete Ma<;onary Unit wl Perlite 

2 
0.57 
0.20 

0.03 

Inactive 
Constant Volume 

Herm Cent Chiller I Cooling Tower 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Ga<; 
74 

Oct 23 -Apr 10 

Monday - Friday 
1 - 9 and 17 - 24 

Saturday, S umL:'ly, Holiday 
1-24 

80% of Standard Days 

Tahle B-3(h). Modular Barrack- Prototype Zonal Characteristics 

Barracks Lobby Total 
Floor Area (% total) 80 20 100 
Occupancy 200 2 -
Out-;ide Air I Person (CFM) 10 10 -
Cooking (W lft2) 0.20 - 0.16 
Interior Light-; (Wift2

) 0.80 0.80 0.80 
Miscellaneous (W /ft2) 1.07 - 0.86 
Refrigeration (Wift2) 036 - 0.29 
System Type TPFC TPFC -
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Tahle B-4. Small Barrack - Prototype Characteristics 

Ctmstruction 
Floor Area (ft2) 

Number of FloMs 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Occupancy 
Out-;ide Air I Person (CFM) 
Cooking (W lft2) 

Exterior Light" (Wift2) 

Interior Light-; (Wift2) 

Miscellaneous (Wift2) 

Refrigeration (W lft2) 

HVAC System 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

4867 
1 

Carpet wl Pad 

Asphalt Shingle 
1" Plywood 

R -19 Insulation 
1" Plywood 

Air Layer 
112" Acoustical Tile 

6" Heavy Weight Concrete 

4" Face Brick 
Air Layer 

6" Concrete Ma<;onary Unit, Heavy, Filled wl Perlite 

1 
0.57 
0.30 

8 
10 

0.10 
0.05 
0.60 
0.40 
0.20 

Inactive 
PVAVS 

Variable Volume 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Ga" 
74 

Oct 23- Apr 10 

Mond.:1.y - Frid.:1.y 
1 - 9 and 17 - 24 

Saturday, Sund.:1.y, Holiday 
1-24 
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Table B-5(a). Dining Hall Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Material 
Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Lights (W lft2) 

HVAC System 
Economizer 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System. Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

4361 
1 

4" Light Weight Concrete 

318" Built-up Roofing 
3 112" Rigid Insulation 

Steel Deck 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 
4" Face Brick 

Air Layer 
8" Concrete Ma~;onary Unit 

1 
0.57 
0.20 

0.03 

Inactive 
Constant Volwne 

Herm Cent Chiller I Cooling Tower 
76 

Apr 11- Oct 22 

Hot Water Boiler I Natural Gas 
68/72 

Oct 23- Apr 10 

Mon<L'ly - Friday 
4-20 

Saturday, Sunday, Holiday 
6- 19 

Tahle B-5(h ). Dining Hall Prototype Zonal Characteristics 

Kitchen Dining Total 
Floor Area(% total) 50 50 100 
Occupancy 15 150 -
Outside Air I Person (CFM) 10 10 -
Cooking (W lft2

) 3.30 - 1.65 
Interior Light~; (Wift2) 0.94 0.94 0.94 
Refrigeration (W lft2) 1.40 - 0.70 
System Type TPFC TPFC -
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Table B-6(a). Gymnasium Prototype Characteristics 

Construction 
Floor Area (fr) 
Number of Floors 
Floor Material 
Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HVAC Loads 
Exterior Light-; (Wift2) 

HVAC System 
Economizer 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

58333 
1 

1" Hardwood 
318" Built-up Roofing 

3 112" Rigid Insulation 
Steel Deck 

6" Heavy Weight Concrete 
4" Face Brick 

Air Layer 
8" Medium, Hollow Concrete Masonary Unit 

1 
0.88 
0.10 

0.04 

Inactive 

Direct Expansion I Air Cooled 
76 

Apr 11- Oct 22 

Hot Water Boiler I Natural Gao; 
72 

Oct 23 - Apr 10 

Monday - Friday 
6-22 

Saturd.:'ly, Sunday, Holiday 
8- 19 

Table B-6(h ). Gymna-;ium Prototype Zonal Characteristics 

oor ea ao total 
Occupancy 
Out-;ide Air I Person (CFM) 
Interior Light-; (W lft2) 

Miscellaneous (W lft2) 

Pumps (W lft2) 

-
30 15 
10 10 

0.41 0.20 
0.08 0.12 

0.004 

40 85 
10 10 

0.94 1.55 
0.07 0.13 

0.0007 
System Type 
FanT e 

PVAVS UH 
Variable Volume Constant Volume 

UH 
Constant Volume 
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Tahle B-7. Large Administration Prototype Characteristics 

Construction 
Floor Area (ft2

) 168528 
Number of Floors 3 
Floor Materials 4" Light Weight Con<.."fete 

Carpet w/ Pad 

Roof Materials 3/8" Built-up Roofing 
2 112" Roof Insulation 

Metal Deck 
Air Layer 

1/2" Acoustical Tile 

Slab Material 6" Heavy Weight Concrete 

Wall Materials Face Brick 
6" Metal Studs 

3 112" R-11 Insulation 
Air Layer 

5/8" Gypsum 
Window Characteristics 

Number of Panes 1 
Shading Coefficient 0.55 
Window/Wall Ratio 0.40 

Non-HV AC Loads 
Exterior Light-; (Wift2

) 0.02 
Interior Light<; (W/ft2) 1.32 
Miscellaneous (W lft2) 2.45 
Occupancy 380 
Out-;ide Air I Person (CFM) 10 

HVACSystem 
Economizer Active 
System Type VAVS 
Fan Type Variable Volume 
Cooling 

'· 
Type Herm Cent Chiller I Cooling Tower 
Setpoint (°F) 76 
Availability Apr 11- Oct 22 

Heating 
Type Hot Water Boiler I Natural Gas 
Setpoint (°F) 70 
Availability Oct 23 - Apr 10 

Loads I System Schedule 
Standard Days Monday - Friday 

On Hours 8- 17 
Nonstandard Days Saturday, Sunday, Holiday 

On Hours 8- 17 
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Tahle B-8. Small Administration - Old wl Split DX Prototype Characteristics 

Construction 
Aoor Area (ft2) 

Number of Aoors 
Aoor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Lighto,; (W lft2) 

Interior Light<; (W lft2) 

Miscellaneous (W lfe) 
Occupancy (ft21person) 
Out-;ide Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

5015 
1 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
2 1/2" Roof Insulation 

Metal Deck 
Air Layer 

112" Acoustical Tile 
6" Heavy Weight Conc-rete 

4" Face Brick 
Air Layer 

8" Medium Weight Concrete Mao,;onary Unit 

1 
0.62 
0.4 

0.03 
2.50 
0.73 
148 

10 

Inactive 
PVAVS 

Variable Volwne 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 23 

Hot Water Boiler I Natural Gas 
72 

Apr 11 - Oct 23 

Monday - Friday 
6- 18 

Saturday, Sunday, Holiday 
Unoccupied 
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Table B-9. Small Administration - Old w/ Chiller Prototype Characteristics 

Construction 
Aoor Area (ft2) 

Number of Aoors 
Aoor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light-; (W/ft2) 

Interior Lighto; (W /ft2
) 

Miscellaneous (W lft2
) 

Occupancy (ft21person) 
Outo;ide Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

6403 
1 

4" Light Weight Concrete 
Carpet w/ Pad 

3/8" Built-up Roofing 
2 1/2" Roof Insulation 

Metal Deck 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Com:rete 

4" Face Brick 
Air Layer 

8" Medium Weight Cont,!ete Mao;onary Unit 

1 
0.62 

0.4 

0.03 
2.50 
0.73 
148 
10 

Inactive 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
76 

Apr 11 - Oct 23 

Hot Water Boiler I Natural Gas 
72 

Apr 11 - Oct 23 

Monday - Friday 
6- 18 

Saturday, Sunday, Holiday 
Unoccupied 
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Table B-10. Small Administration- New wl Split DX Prototype Characteristics 

Construction 
Floor Area (ft2

) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Lights (W lft2) 

Interior Light-; (W lft2) 

Miscellaneous (Wift2) 

Occupancy (ft21person) 
Out'>ide Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 
Type 
Setpoint CF) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

6334 
1 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
3" Roof Insulation 

Metal Deck 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Conc.,Tete 

4" Face Brick 
3" Rigid Insulation 

8" Medium Weight Concrete Ma-;onary Unit 

1 
0.30 
0.4 

0.03 
2.50 
0.73 
148 

10 

Active 
PVAVS 

Variable Volume 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 23 

Hot Water Boiler I Natural Gas 
72 

Apr 11- Oct 23 

Monday - Friday 
6- 18 

SatunL:'ly, Sunday, Holiday 
Unoccupied 
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Table B-11. Small Administration- New wl Chiller Prototype Characteristics 

Con'itruction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light-; (Wift2) 

Interior Light-; (W lft2) 

Miscellaneous (W lft2) 

Occupancy (ft21person) 
Out'iide Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

4398 
1 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
3" Roof Insulation 

Metal Deck 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

4" Face Brick 
3" Rigid Insulation 

8" Medium Weight Concrete Ma<;onary Unit 

1 
0.30 
0.4 

0.03 
2.50 
0.73 
148 
10 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
76 

Apr ·11 - Oct 23 

Hot Water Boiler I Natural Gas 
72 

Apr 11- Oct 23 

Monday - Friday 
6- 18 

Saturday, Sunday, Holiday 
Unoccupied 
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Table B-12(a). Vehicle Maintenance- Small wl No AC- Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

4747 
1 

Corregated Metal 
3 112" Batt Insulation 

Steel Frame 

Slab Material 

Wall Materials 

· 6" Heavy Weight Concrete 

Corregated Metal 
3 112" Batt Insulation 

12" Heavy, Hollow Concrete Masonary Block 
Window Characteristics 

Number of Panes 
Shading Coefficient 

Non-HV AC Loads 
Exterior Lights (Wift2) 

HVACSystem 
Economizer 
System Type 

Heating 
Type 
Setpoint (°F) (Office) 
Setpoint (°F) (Bay) 
Availability 

Loads I System Schedule 
Stan<L:1rd Days 

On Hours 
Nonstan<L:1rd Days 

On Hours 

1 
0.74 

0.08 

Inactive 
Constant Volume Unit Heater 

Hot Water Boiler I Natural Gas 
70 
65 

Oct 23 - Apr 10 

Monday - Friday 
9-16 

Saturday, Sunday, Holiday 
Unoccupied 

Table B-12(h). Vehicle Maintenance- Small w/ No AC- Prototype Zonal Characteristics 

Bay Office Total 
Floor Area(% total) 90 10 100 
Occupancy 20 10 30 
Outside Air I Person (CFM) - 10 -
Interior Light-; (Wift2) 1.12 1.63 1.17 
Miscellaneous (W lft2) 0.07 0.60 0.12 
Process Load (W lft2) 0.006 - 0.005 
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Table B-13(a). Vehicle Maintenance- Large wl SplitDX- Prototype Characteristics 

Con<>truction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

25937 
1 

Corregated Metal 
3 1/2" Batt Insulation 

Steel Frame 

Slab Material 
Wall Materials 

6" Heavy Weight Concrete 
Corregated Metal 

3 1/2" Batt Insulation 
12" Heavy, Hollow Concrete Ma~onary Block 

Window Characteristics 
Number of Panes 
Shading Coefficient 

Non-HV AC Loads 
Exterior Light-; (Wift2) 

HV AC System (Office) 
Economizer 
System Type 
Fan Type 

Cooling 
Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

HV AC System (Bay ) 
Type 
Economizer 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

1 
0.74 

0.08 

Inactive 
PVAVS 

Variable Volume 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gao; 
70 

Oct 23- Apr 10 

Constant Volume Unit Heater 
Ina<;tive 

65 
Oct 23 - Apr 10 

Monday - Friday 
9- 16 

Saturday, Sunday, Holiday 
Unoccupied 

Table B-13(h). Vehicle Maintenance- Large wl Split DX- Prototype Zonal Characteristics 

Bay Office Total 
Floor Area(% total) 90 10 100 
Occupancy 20 10 30 
Out-;ide Air I Person (CFM) - 10 -
Interior Light" (y.t lft2) 1.12 1.63 1.17 
Miscellaneous (y.t lft2) 0.07 0.60 0.12 
Process Load (W lft2) 0.006 - 0.005 
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Table B-14(a). Vehicle Maintenance- Large wl Chiller- Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

44607 
1 

Corregated Metal 
3 112" Batt Insulation 

Steel Frame 

Slab Material 
Wall Materials 

6" Heavy Weight Concrete 

Corregated Metal 
3 1/2" Batt Insulation 

12" Heavy, Hollow Concrete Mao;onary Block 
Window Characteristics 

Number of Panes 
Shading Coefficient 

Non-HV AC Loads 
Exterior Lights (W lft2) 

HV AC System ( Office ) 
Economizer 
System Type 
Fan Type 

Cooling 
Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

HV AC System (Bay) 
Type 
Economizer 
Setpoint eF) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

1 
0.74 

0.08 

Inactive 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Ga.,; 
70 

Oct 23 - Apr 10 

Constant Volume Unit Heater 
Inactive 

65 
Oct 23 - Apr 10 

Monday - Friday 
9- 16 

Saturday, Sunday, Holiday 
Unoccupied 

Table B-14(h). Vehicle Maintenance- Large wl Chiller- Prototype Zonal Characteristics 

Bay Office Total 
Floor Area (% total) 90 10 100 
Occupancy 20 10 30 
Out-;ide Air I Person (CFM) - 10 -
Interior Light-; (Wift2) 1.12 1.63 1.17 
Miscellaneous (W lft2) 0.07 0.60 0.12 
Process Load (Wift2) 0.006 - 0.005 
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Table B-15(a). Hangar Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light-; (W/ft2) 

HV AC System (Office) 
Economizer 

Cooling 
Type 
Setpoint (0 F) 
Availability 

Hea.ting 
Type 
Setpoint (0 F) 
Availability 

HV AC System (Bay) 
Economizer 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

41328 
2 

Built-up Roofing 
6" Rigid Insulation 

Metal Deck 

6" Heavy Weight Concrete 
Corregated Metal 

3 112" Batt Immlation 
Steel Frame 

1 
0.98 
0.20 

0.01 

Inactive 

Herm Cent Chiller I C<x)ling Tower 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23- Apr 10 

Inactive 
Constant Volume Unit Heater 

65 
Oct 23 - Apr 10 

Monday - Friday 
9- 16 

Saturday, Sunday, Holiday 
Unoccupied 

Tahle B-15(h). Hangar Prototype Zonal Characteristics 

Bay 1st Floor Office 2nd Floor Office 
Floor Area (% total) 46 27 27 
Occupancy 30 30 30 
Outside Air I Person (CFM) - 10 10 
Interior Light-; (W /ft2) 2.25 1.20 1.20 
Miscellaneous (W /ft2

) 0.10 0.10 0.10 
Process Load (W/ft2) 0.01 - -
System Type UH TPFC VAVS 
Fan Type Constant Volume Constant Volume Variable Volume 

Total 
100 
90 
-

1.68 
0.10 

0.005 
-
-
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Table B-16(a). Hospital Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light-; (W lft2) 

Refrigeration (Wift2) 

HVACSystem 
Economizer 
Fan System 
Cooling 

Type 
Capacity (Tons) 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F} 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

504202 
6 

4" Light Weight Concrete 
Carpet wl Pad 

318" Built-up Roofing 
6" Light Weight Concrete 

2" Rigid Insulation 
Air Layer 

1/2" Acoustical Tile 
6" Heavy Weight Concrete 
12" Concrete Block Filled 

3 112" R-11 Insulation 
Air Layer 

518" Gypsum 

1 
0.90 
0.40 

0.1 
0.1 

Inactive 
Variable Volume 

Herm Cent Chiller I C<x)ling Tower 
417 (3) 

73 
.Tan 1- Dec 31 

Hot Water Boiler I Natural Gas 
73 

.Tan1-Dec31 

Monday - Friday 
1-24 

Saturday, Sunday, Holiday 
1-24 

Tahle B-16(h). Hospital Prototype Zonal Characteristics 

. C,:Jinic Core Perimeter Kitchen Hallway 
Floor Area (% total) 25 35 15 5 20 
Occupancy (ft21person) 289 289 150 321 578 
Outside Air (ACH) - - - 1.8 -
Outside Air I Person (CFM) 15 15 15 - 15 
Interior Light-; (Wift2) 2.1 1.6 1.6 2.1 0.8 
Miscellaneous (W lft2) 4.0 1.3 1.3 9.0 -
Cooking (Wift2) - - - 4.0 -
System Type DO VAV FPFC SZRH VAV 

Total 
IOU 

-
-
-

1.6 
2.1 
0.2 
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Tahle B-17. Detached Residential Prototype Characteristics 

Construction 
f2 Floor Area ( t ) 1334 

Number of Floors 1 
Floor Materials 3/4" Hardwood 

Carpet 

c Roof Materials 3/8" Built-up Roofing 
6" R-19 Insulation 

1" Plywood 
Air Layer 

112" Acoustical Tile 

Slab Material 6" Heavy Weight Concrete 

Wall Materials 3/4" Hard Board 
8" Brick 

5/8" Gypsum 
6" R-19 Insulation 

5/8" Gypsum 
Window Characteristics 
Number of Panes 1 
Shading Coefficient 0.80 
Window/Wall Ratio 0.20 

Non-HV AC Peak Loads 
f2 0.10 Cooking (W/ t ) 

Exterior Light" (W tft2) 0.09 
Interior Light" (W/ft2) 0.19 
Miscellaneous (W/ft2) 0.72 
Occupancy 4 
Refrigeration (W/ft2) 0.10 

HVACSystem 
Economizer Inactive 
Fan Type Constant Volume 
Cooling 
Type Direct Expansion I Air Cooled 
Capacity (Tons) 2.75 
COP 2.05 
Setpoint (°F) 72 
Availability Apr 11 - Oct 22 

Heating 
Type Forced Air Gas Furnace 
Setpoint (0 F) 70 
Availability Oct 23 -Apr 10 

Loads I System Schedule 
Standard Days Monday - Friday 

On Hours 6-24 
Nonstandard Days Saturday, Sunday, Holiday 

On Hours 6-24 
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Tahle B-18. Two-Plex Residential Prototype Characteristics 

Con<>truction 
Floor Area (ft2) 
Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Peak Loads 
Cooking (W/ft2) 
Exterior Light-; (W/ft2

) 

Interior Lights (W/ft2) 

Miscellaneous (W /ft2) 
Occupancy 
Refrigeration (W/ft2) 

HVACSystem 
Economizer 
Fan Type 
Cooling 

Type 
Capacity (Tons) 
COP 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Stand:1Td Days 

On Hours 
Nonstandard Days 

On Hours 

2938 
1 

3/4" Hardwood 
Carpet 

3/8" Built-up Roofing 
6" R-19 Insulation 

1" Plywood 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

3/4" Hard Board 
8" Brick 

5/8" Gypsum 
6" R-19 Insulation 

5/8" Gypsum 

1 
0.80 
0.20 

0.10 
0.09 
0.19 
0.72 

4 
0.10 

Inactive 
Constant Volume 

Direct Expansion I Air Cooled 
2.75 
2.05 

72 
Apr 11- Oct 22 

Forced Air Ga-; Furnace 
70 

Oct 23 - Apr 10 

Monday - Friday 
6-24 

Saturday, Sunday, Holid:'ly 
6-24 
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Table B-19. Four-Plex Residential Prototype Characteristics 

Construction 
Floor Area (ft2) 
Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Peak Loads 
Cooking (Wift2) 
Exterior Light<; (Wift2

) 

Interior Lights (Wift2) 
Miscellaneous (Wift2) 
Occupancy 
Refrigeration (Wift2) 

HVAC System 
Economizer 
Fan Type 
Cooling 

Type 
Capacity (Tons) 
COP 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

6772 
1 

314" Hardwood 
Carpet 

318" Built-up Roofing 
6" R-19 Insulation 

1" Plywood 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

314" Hard Board 
8" Brick 

518" Gypsum 
6" R-19 Insulation 

5/8" Gypsum 

1 
0.80 
0.20 

0.10 
0.09 
0.19 
0.72 

4 
0.10 

Inactive 
Constant Volume 

Direct Expansion I Air Cooled 
2.75 
2.05 

72 
Apr 11 - Oct 22 

Forced Air Ga-. Furnace 
70 

Oct 23- Apr 10 

Monday - Friday 
6-24 

Saturday, Sunday, Holiday 
6-24 
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Table B-20. Large Retail Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

Floor Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Cooking (W lft2) 

Exterior Light-; (Wift2) 

Interior Lights (Wift2) 

Miscellaneous (W lft2) 

Occupancy (ft21person) 
Out-;ide Air I Person (CFM) 
Refrigeration (Wift2

) 

HVAC System 
Economizer 
System Type 
Fan Type 
Cooling 
Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

128058 
1 

318" Built-up Roofing 
Concrete Deck 

2" Roof Insulation 
Air Layer 

112" Acoustical Tile 

314" Hardwood 
Carpet 

6" Heavy Weight Concrete 

8" Light Weight Concrete Masonary Unit 
3 1/2" R-11 Insulation 

Air Layer 
5/8" Gypsum Board 

1 
0.62 
0.24 

0.10 
0.10 
1.70 
0.31 
337 

10 
0.22 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
75 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gao; 
71 

Oct 23 - Apr 10 

Monday - Friday 
6-23 

Saturday, Sun<.k'ly, Holiday 
6-23 
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Table B-21(a). Warehouse wl No AC- Prototype Characteristics 

Con<>truction 
Floor Area (ft2) 

Number of Floors 
Roof Materials 

2689 
1 

Builtup Roofing 
2 112" Rigid Insulation 

Steel Frame 

Slab Material 

Wall Materials 

6" Heavy Weight Concrete 

4" Face Brick 
112" Air Space 

8" Medium Perlite Filled Concrete Masonary Block 
Window Characteristics 

Number of Panes 
Shading Coefficient 

Non-HV AC Loads 
Exterior Lights (Wift2) 

HV AC System ( Office ) 
Economizer· 
System Type 
Fan Type 

Heating 
Type 
Setpoint (0 F) 
Availability 

HV AC System (Bay) 
Heating 
Type 
Economizer 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours. 

1 
0.74 

0.08 

Inactive 
PVAVS 

Variable Volume 

Hot Water Boiler I Natural Ga-; 
70 

Oct 23- Apr 10 

Constant Volume Unit Heater 
Inactive 

65 
Oct 23- Apr 10 

Monday - Friday 
9 -16 

Saturday, Sunday, Holiday 
Unoccupied 

Table B-21(h). Warehouse wl No AC- Prototype Zonal Characteristics 

Bay Office Total 
Floor Area (% total) 90 10 100 
Occupancy 10 5 15 
Outside Air I Person (CFM) - 10 -
Interior Light-; (W /ft2) 1.12 1.63 1.17 
Miscellaneous (Wift2) 0.10 0.60 0.15 
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Tahle B-22(a). Warehouse wl Split DX- Prototype Characteristics 

Con~truction 

Floor Area (ft2) 

Number of Floors 
Roof Materials 

10122 
1 

Builtup Roofing 
2 112" Rigid Insulation 

Steel Frame 

Slab Material 

Wall Materials 

6" Heavy Weight Concrete 

4" Face Brick 
112" Air Space 

8" Medium Perlite Filled Concrete Ma-;onary Block 
Window Characteristics 

Number of Panes 
Shading Coefficient 

Non-HV AC Loads 
Exterior Lights (W lft2) 

HV AC System ( Office ) 
Economizer 
System Type 
Fan Type 

Cooling 
Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

HV AC System (Bay) 
Type 
Economizer 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

1 
0.74 

0.08 

Inactive 
PVAVS 

Variable Volume 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Ga-; 
70 

Oct 23 - Apr 10 

Constant Volume Unit Heater 
Inactive 

65 
Oct 23 - Apr 10 

Monday - Friday 
9- 16 

Saturday, Sunday, Holiday 
Unoccupied 

Tahle B-22(h). Warehouse wl Split DX- Prototype Zonal Characteristics 

Bay Office Total 
Floor Area (% total) 90 10 100 
Occupancy 10 5 15 
Out-;ide Air I Person (CFM) - 10 -
Interior Light-; (W /ft2) 1.12 1.63 1.17 
Miscellaneous (W /ft2) 0.10 0.60 0.15 
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Table B-23. Bowling Alley Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HVAC Loads 
Exterior Light.,; (Wift2) 

Interior Light<; (Wift2) 

Miscellaneous (Wift2) 

Occupancy (ft21person) 
Outside Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

27772 
1 

318" Built-up Roofing 
Steel Deck 

3" Roof Insulation 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

8" Medium Weight Hollow Concrete Mac,;onary Unit 
314" Poly-Expand Insulation 

Air Layer 
518" Gypsum Board 

l 
0.60 
0.10 

0.05 
1.00 
1.50 
333 

10 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
78 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23- Apr 10 

Monday - Friday 
10-22 

Saturday, Sunday, Holiday 
10-22 
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Tahle B-24. Church Prototype Characteristics 

Con'ltruction 
Floor Area (ff) 
Number of Floors 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HVAC Loads 
Exterior Lights (Wift2) 

Interior Light-; (Wift2) 

Miscellaneous (Wift2) 

Occupancy (ft21person) 
Outside Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Set.point (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

7090 
1 

318" Built-up Roofing 
Steel Deck 

3" Rmflnsulation 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

8" Medium Weight Hollow Concrete Masonary Unit 
314" Poly-Expand Insulation 

Air Layer 
518" Gypsum Board 

1 
0.60 
0.10 

0.05 
1.20 
0.20 
333 

10 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
78 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23- Apr 10 

Monday - Friday 
7-21 

Saturday, Sunday, Holiday 
7-21 
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Tahle B-25. Library Prototype Characteristics 

Construction 
Floor Area (f~) 
Number of Floors 

Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light" (Wift2) 

Interior Light.,; (Wift2) 

Miscellaneous (W lft2
) 

Occupancy (ft21person) 
Outside Air I Person (CFM) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (°F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

8273 
1 

318" Built-up Roofing 
Steel Deck 

3" Rooflnsulation 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

8" Medium Weight Hollow Concrete Ma.,;onary Unit 
314" Poly-Expand Insulation 

Air Layer 
518" Gypsum Board 

1 
0.60 
0.10 

0.05 
1.70 
0.50 
333 

10 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
78 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23 - Apr 10 

Monday - Friday 
5-24 

Saturday, Sunday,_ Holiday 
9-24 
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Table B-26(a). Grocery Store Prototype Characteristics 

Construction 
Aoor Area (ft2) 

Number of Aoors 
Aoor Materials 

Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Lights (Wift2) 

Refrigeration (W lft2
) 

HVAC System 
Economizer 
System Type 
Fan Type 
Cooling _ 

Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonst.:111dard Days 

On Hours 

4432 
1 

Linoleum Tile 

318" Built-up Roofing 
R-11 Insulation 

6" Light Weight Concrete 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

8" Concrete Mao,;onary Unit wl Perlite 
R-6 Insulation 

518" Gypsum Board 

1 
0.81 
0.07 

0.22 
5.5 

Active 
PSZ 

Constant Volume 

Direct Expansion I Air Cooled 
75 

Jan 1- Dec 31 

Forced Air Gas Furnace 
70 

Jan~- Dec 31 

Mond.:'ly - Friday 
6-24 

Saturday, Sund.:'ly, Holiday 
10-20 

Table B-26(b). Grocery Store Prototype Zonal Characteristics 

Office Storage Bakery Deli Sale 
Aoor Area (% toL:'ll) 3 20 12 5 60 
Occupancy (ft21person) 130 880 220 220 325 
Outside Air I Person (CFM) 15 15 - 15 15 
Out-;ide Air (ACH) - - 5.6 - -
Cooking (W lft2) - - 5.0 - -
Interior Lights (W lft2) 1.7 1.0 1.7 1.7 1.7 
Miscellaneous (W ltt2) 0.5 0.4 7.5 3.8 0.4 

Total 
100 

-
-
-

0.6 
1.6 
0.6 
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Table B-27(a). Fa-;tfood Restaurant Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Light-; (Wift2) 

Refrigeration (W lft2) 

HVAC System 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint eF) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

1650 
1 

Linoleum Tile 

318" Built-up Roofing 
1" Plywood 

R-12 Insulation 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

8" Concrete Ma-;onary Unit wl Perlite 
R-9 Insulation 

518" Gypsum Board 

1 
0.79 
0.09 

0.92 
4.8 

Active 
PSZ 

Constant Volume 

Direct Expansion I Air Cooled 
73 

Jan1-Dec31 

Forced Air Gas Furnace 
65 

Jan1-Dec31 

Monday - Friday 
5-24 

Satun1'ly, Sunday, Holiday 
5-24 

Table B-27(b). Fa-;tfood Restaurant Prototype Zonal Characteristics 

Dining Kitchen Total 
Floor Area (% total) 50 50 100 
Occupancy (ft21person) 34 114 -
Out-;ide Air I Person (CFM) 15 - -
Out-;ide Air (ACH) - 7.3 -
Cooking (Wift2

) - 10.4 5.2 
Interior Light-; (Win2) 1.7 2.5 2.1 
Miscellaneous (W/ft2

) - 7.2 3.6 
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Tahle B-28(a). Sitdown Restaurant Prototype Characteristics 

Construction 
Floor Area (ft2) 

Number of Floors 
Floor Materials 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HVAC Loads 
Exterior Light<; {W/ft2) 

Refrigeration (W /ft2) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 
Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (°F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

2994 
1 

Linoleum Tile 

318" Built-up Roofing 
1" Plywood 

R-8 Insulation 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

4" Face Brick 
R-6 Insulation 

518" Gypsum Board 

1 
0.78 
0.08 

0.36 
2.9 

Active 
PSZ 

Constant Volume 

Direct Expansion I Air Cooled 
74 

Jan 1- Dec 31 

Forced Air Gas Furnace 
72 

Jan 1- Dec 31 

Monday - Friday 
5-24 

Saturday, Sunday, Holiday 
5- 24 

Table B-28(h). Sitdown Restaurant Prototype Zonal Characteristics 

Dining Kitchen Total 
Floor Area(% total) 70 30 100 
Occupancy (ft21person) - - 67 
Outside Air I Person (CFM) 15 - -

Out-;ide Air (ACH) - 6.6 -
Cooking (W/ft2) - 15.0 4.5 
Interior Light-; (W/ft2) 1.2 1.5 1.3 
Miscellaneous (W/ft2) 0.1 7.5 2.3 
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Tahle B-29. Small Retail Prototype Characteristics 

Construction 
Floor Area (fr) 
Number of Floors 
Roof Materials 

Slab Material 
Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HVAC Loads 
Cooking (W/ft2

) 

Exterior Lights (W/ft2) 

Interior Light-; (Wift2) 

Miscellaneous (W lft2) 

Occupancy (ft21person) 
Outside Air I Person (CFM) 
Refrigeration (W lft2

) 

HVACSystem 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstanqard Days 

On Hours 

10146 
1 

318" Built-up Roofing 
Steel Deck 

3" Roof Insulation 
Air Layer 

112" Acoustical Tile 

6" Heavy Weight Concrete 

8" Medium Weight Hollow Concrete Masonary Unit 
314" Poly-Expand Insulation 

· AirLayer 
518" Gypsum Board 

1 
0.60 
0.10 

0.01 
0.10 
2.00 
0.40 
159 
10 

0.06 

Active 
PVAVS 

Variable Volume 

Direct Expansion I Air Cooled 
76 

Apr 11 - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23 -Apr 10 

Monday - Friday 
9-18 

Saturday, Sunday, Holiday 
9- 18 
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Tahle B-30. Youth Center Prototype Characteristics 

Construction 
Aoor Area (fr) 
Number of Boors 

Roof Materials 

Slab Material 

Wall Materials 

Window Characteristics 
Number of Panes 
Shading Coefficient 
Window/Wall Ratio 

Non-HV AC Loads 
Exterior Lights (Wift2) 

Interior Light'> (W lft2) 

Miscellaneous (Wift2) 

Occupancy (ft21person) 
Out<;ide Air I Person (CFM) 

HVAC System 
Economizer 
System Type 
Fan Type 
Cooling 

Type 
Setpoint (0 F) 
Availability 

Heating 
Type 
Setpoint (0 F) 
Availability 

Loads I System Schedule 
Standard Days 

On Hours 
Nonstandard Days 

On Hours 

4363 
1 

318" Built-up Roofing 
Steel Deck 

3" Roof Insulation 
Air Layer 

1/2" Acoustical Tile 

6" Heavy Weight Concrete 

8" Medium Weight Hollow Concrete Ma-;onary Unit 
314" Poly-Expand Insulation 

Air Layer 
518" Gypsum Board 

1 
0.60 
0.10 

0.05 
1.70 
0.50 
333 

10 

Active 
VAVS 

Variable Volume 

Herm Cent Chiller I Cooling Tower 
78 

Apr II - Oct 22 

Hot Water Boiler I Natural Gas 
72 

Oct 23 - Apr 10 

Monday - Friday 
7- I8 

Saturday, Sunday, Holiday 
. 9-16 
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Figure B-20. DOE-2 Simulated End-use Load Shapes for Large Retail 
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Figure B-22. DOE-2 Simulated End-use Load Shapes for Warehouse (Split DX) 
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Figure B-23. DOE-2 Simulated End-use Load Shapes for Bowling Center 
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Figure B-25. DOE-2 Simulated End-use Load Shapes for Grocery Store 
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Figure B-26. DOE-2 Simulated End-use Load Shapes for Library 
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Figure B-27. DOE-2 Simulated End-use Load Shapes for Fastfood Restaurant 
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Figure B-28. DOE-2 Simulated End-use Load Shapes for Sitdown Restaurant 



(a) Standard Day- Summer 
5.0 r-__________ :..___ __ ~ 

4.0 

~ re 
~ 3.0 
m 
::> 

~ 2.0 ·c y 
w 

1.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0 0.0 0 4 8 12 16 20 24 0 

(c) Nonstandard Day - Summer 
5.0 r-------------------, 5.0 

4.0 

= c:r re 
~ 3.0 
Q) 
Ill 
:::> 

~ 2.0 
·c: 
0 
~ w 

1.0 

4.0 

3.0 

2.0 

1.0 

0.0 I P±l ... ~-=..::-; =- + == , =r =I..,. =e ,, I ,...,..., 0.0 
0 4 8 12 16 20 24 0 

Hour of Day 

4 

4 

(b) Standard Day- Winter 

~ ,.... 
/---------, -=-· 

8 12 16 

(d) Nonstandard Day -Winter 

"""! 

8 

/---------, 
12 

Hour of Day 
16 

20 

,... 

20 

Figure B-29. DOE-2 Simulated End-use Load Shapes for Small Retail 
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Appendix C 
EDA Reconciled Load Shapes by Prototype 

EDA reconciled load shapes are presented by prototype in the order presented in Table C-1 in this appen
dix. These load shapes were produced after scaling and smoothing the raw EDA hourly load. If smooth
ing was necessary, the end-uses and hourly intervals are denoted in Table C-1. 

Figures C-1 to 3, 5-6,8-11, 13-17, 19-22,24-26,28-31,33-34,36-39,41-44,46-52,54-57,59-60,62-69. 
EDA Reconciled End-use Load Shapes 

The EDA prototypes combined by floor area into weighted EDA prototypes are presented immediately 
after the EDA load shapes mentioned above. See Table 4-4 for those EDA prototypes combined into 
weighted EDA prototypes. 

Figures C-4, 7, 12, 18, 23, 27, 32, 35, 40, 45, 53, 58, 61. 
Weighted EDA Reconciled End-use Load Shapes- Winter- Standard Day 

-• 
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Table C-1. EDA Hourly Load Smoothing Summary 

Prototype Cool Fan Ctx>k Mise Ref Ex Lit In Lit Press 

Barrack 
Hammer Head - 3 17-21 - - 17-21 - - 17-21 -
Hanuner Head - 10 17-21 - - 17-21 - - 17-21 -
Hanuner Head - 15 17-21 - - 17-21 - - 17-21 -
Rolling Pin - 3 17-20 - - - - - 17-20 -
Rolling Pin - 10 17-20 - - - - - 17-20 -
Modular- 2 5-8,19-21 5-R - - 5-8 - - -
Modular- 5 5-8,17-19 5-8 - - 5-8 - - -
Modular- 15 5-8,18-21 5-R - - 5-8 - - -
Modular - W6t - - - - - - - -
Small- 10 15-19 15-1 ') - - - - - -
Dining Hall - 3 4-8,18-22 4-8,18-22 - - 4-8 - - -
Dining Hall - 5 4-8,18-22 4-R, IR-22 - - 4-8 - - -
Dining Hall - 10 4-8,18-22 4-8,18-22 - - 4-8 - - -
Dining Hall- 15 4-8,18-22 4-8,18-22 - - 4-8 - - -
Gymna.<iurn- 2t - - - - - - - -
Gymna.<ium - 15 5-9,17-23 - - - - - 5-9,17-23 -

Administration 
Large- 2 17-20 17-20 - 17-20 - - 17-20 -
Large- 5 17-20 17-20 - 17-20 - - 17-20 -
Small - Old w/ Split DX - 2 5-10,17-21 5-10 - - - - - -
Small - Old w/ Split DX - 10 - - - - - - - -
Small - Old w/ Split DX - 15t - - - - - - - -
Small - Old w/ Chiller- 2t - - - - - - -
Small - Old w/ Chiller- 3 5-10 - - - - - - -
Small - Old w/ Chiller- 10 5-10 - - - - - - -
Small -Old w/ Chiller- 15 5-10 - - - - - - -
Small - New w/ Split DX - 2 5-10,18-21 5-10,18-21 - - - - - -
Small- New w/ Split DX- 10 - - - - - - - -
Small - New w/ 01illcr - 2 5-10,16-20 5-10.16-20 - - - - - -
Small- New w/ Chiller- W6t - - - - - - - -

Vehicle Maintenance 
Small w/ No AC- 3 - - - 5-7 - - 5-7 -
Small w/ No AC- 10 - - - 5-7 - - 5-7 -
Large w/ Split DX - 3 5-7,18-20 5-7 5-7 - - 5-7 -
Large w/ Split DX- 10 5-7,18-20 5-7 - 5-7 - - 5-7 -
Large w/ Split DX- 15 5-7.18-20 5-7 - 5-7 - - 5-7 -
Large w/ Split DX- W6t - - - - - - - -
Large w/ 01iller - 15 5-7,17-20 - - - - - 5-7,17-20 -
Large w/ 01iller- W6t - - - - - - - -
Hangar- 15 5-8,17-20 5-8 - - - - 5-8 -

Hospital- 9 - - - - - - - -

Residential 
Detached- 5 6-10 - - 6-10 - - - -
Detached- 12 - - - IR-21 - - 1R-21 -
Detache<l- W4 - - - - - - - -
Two Plex- 5 6-10 - 6-10 - - - -
Two Plex- 12 - - 18-21 - - 18-21 -
TwoPiex- W4 - - - - - - - -
Two Plex- W5t - - - - - - -
Four Plex- 3 16-19 - - - - - - -
Four Plex - 12 - - - 18-21 - - 1R-21 -

Other 
Retail - Large- W5 - - - - - - - -
Warehouse 
w/NoAC- 3 - 5-X - 5-8 5-R -
w/ Split DX- WG - - - - - - -

Miscellaneou.< - - - - - - -

t These feeders produced "questionable" EUis or loadshapes and were not smoothed, see Chapter 4 
for explanation. 
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Figure C-13. EDA Reconciled End-use Load Shapes for Small Barrack (Feeder 10) 

.. 

--I 00 



• 
,., 

(a) Standard Day- Summer (b) Standard Day -Winter 
6.0 6.0 -cool 

-- Fan 

5.0 
5.0 f 

--Cook 
--Mise 

= --Ref 
C" 

······· Lt_E ~ 4.0 4.0 
~ -LU 
0> -Tot· 
~ 3.0 3.0 
~ 
'(3 
·c: u 2.0 1- I "'-"'" ' I 2.0 
0> 
[j ___, 

1.0 1.0 

--- .._.._ -~· ......,.._.._ ·-==.:. o.oi ~ 0.0 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 

(c) Nonstandard Day- Summer (d) Nonstandard Day- Winter ....... 
-..1 

6.0 ~ 

I 
6.0 \0 

5.0 5.0 

= C" 
~ 4.0 1- I 4.0 
~ 
0> 
~· 3.0 1- /" \ I 3.0 
~ 
0 ·c: u 2.0 1- , \ I 2.0 
0> 
jjj 

1.0 ~·~ 1.0 -----...._ 
- ----------~-

o.o I ;;; ----- -----------------0.0 ' 20 0 4 8 12 16 24 0 4 8 12 16 20 24 
Hour of Day Hour of Day 

Figure C-14. EDA Reconciled End-use Load Shapes for Dining Hall (Feeder 3) 
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Figure C-16. EDA Reconciled End-use Load Shapes for Dining Hall (Feeder 10) 
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Figure C-17. EDA Reconciled End-use Load Shapes for Dining Hall (Feeder 15) 
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Figure C-18. EDA Reconciled End-use Load Shapes for Dining Hall (Weighted 3,5,10;15) 
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Figure C-19. EDA Reconciled End-use Load Shapes for Gymnasium (Feeder 2) 
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Figure C-20. EDA Reconciled End-use Load Shapes for Gymnasium (Feeder 15) 
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Figure C-21. EDA Reconciled End-use Load Shapes for Large Administration (Feeder 2) 
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Figure C-22. EDA Reconciled End-use Load Shapes for Large Administration (Feeder 5) 
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Figure C-23. EDA Reconciled End-use Load Shapes for Large Administration (Weighted 2,5) 
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Figure C-24. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Split DX) (Feeder 2) 
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·Figure C-25. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Split DX) (Feeder 10) 
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Figure C-26. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Split DX) (Feeder 15) 
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Figure C-27. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Split DX) (Weighted 2,10) 
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Figure C-28. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Chiller) (Feeder 2) 
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Figure C-29. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Chiller) (Feeder 3) 
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Figure C-30. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Chiller) (Feeder 10) 
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Figure C-31. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Chiller) (Feeder 15) 
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Figure C-32. EDA Reconciled End-use Load Shapes for Small Administration (Old w/ Chiller) (Weighted 3, 10, 15) 
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Figure C-33. EDA Reconciled End-use Load Shapes for Small Administration (New w/ Split OX) (Feeder 2) 



(a) Standard Day- Summer (b) Standard Day -Winter 
6.0 6.0 -cool 

-- Fan 
--Cook 

5.0 
5.0 f --Mise 

= -- Ref 
c:r ······· Lt_E !Q 4.0 4.0 
~ -LU -Q) -Tot 
~ 3.0 3.0 

~ ·c: 
0 2.0 1- I / '' I 2.0 
Q) 

[ij 

:::l~~~~~j 
1.0 

0.0 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 

(c) Nonstandard Day- Summer (d) Nonstandard Day- Winter ,_ 
1.0 

6.0 [ 

I 

6.0 1.0 

5.0 1-5.0 
Z' -c:r 
!!2 4.0 1- I 4.0 
~ 
Q) 

~ 3.0 1- I 3.0 
~ ·u 

·fi2.o r I 2.0 
Q) , "----

w :.:l::~~~=====~ 1.0 

o.o I ;:; 
0 4 8 12 16 20 24 0 4 8 12 16 20 24 

Hour of Day Hour of Day 

Figure C-34. EDA Reconciled End-use Load Shapes for Small Administration (New w/ Split DX) (Feeder 10) 
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Figure C-36. EDA Reconciled End-use Load Shapes for Small Administration (New w/ Chiller) (Feeder 2) 
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Figure C-37. EDA Reconciled End-use Load Shapes for Small Administration (New w/ Chiller) (Feeder W6) 
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Figure C-38. EDA Reconciled End-use Load Shapes for Small Vehicle Maintenance (No AC) (Feeder 3) 
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Figure C-39. EDA Reconciled End-use Load Shapes for Small Vehicle Maintenance (No AC) (Feeder 10) 
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Figure C-40. EDA Reconciled End-use Load Shapes for Small Vehicle Maintenance (No AC) (Weighted 3,10) 
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Figure C-41. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Split DX) (Feeder 3) 
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Figure C-42. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Split DX) (Feeder 10) 
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Figure C-43. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Split DX) (Feeder 15) 
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Figure C-44. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Split DX) (Feeder W6) 
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Figure C-45. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Split DX) (Weighted 3, 10, 15) 
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Figure C-46. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Chiller) (Feeder 15) 
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Figure C-47. EDA Reconciled End-use Load Shapes for Large Vehicle Maintenance (Chiller) (Feeder W6) 
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Figure C-49. EDA Reconciled End-use Load Shapes for Hospital (Feeder 9) 
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Figure C-SO. EDA Reconciled End-use Load Shapes for Detached Residential (Feeder 5) 
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Figure C-51. EDA Reconciled End-use Load Shapes for Detached Residential (Feeder 12) 
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Figure C-52. EDA Reconciled End-use Load Shapes for Detached Residential (Feeder W4) 
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Figure C-53. EDA Reconciled End-use Load Shapes for Detached Residential (Weighted 5,12,W4) 
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Figure C-54. EDA Reconciled End-use Load Shapes for Two-Plex Residential (Feeder 5) 
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Figure C-57. EDA Reconciled End-use Load Shapes for Two-Plex Residential (Feeder W5) 
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Figure C-59. EDA Reconciled End-use Load Shapes for Four-Plex Residential (Feeder 3) 
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Figure C-60. EDA Reconciled End-use Load Shapes for Four-Plex Residential (Feeder 12) 
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Figure C-62. EDA Reconciled End-use Load Shapes for Large Retail (Feeder W5) 
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Figure C-63. EDA Reconciled End-use Load Shapes for Warehouse (No AC) (Feeder 3) 
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Figure C-64. EDA Reconciled End-use Load Shapes for Warehouse (Split DX) (Feeder W6) 
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Figure C-65. BOA Reconciled End-use Load Shapes for Miscellaneous (Feeder 2) 
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Figure C-66. EDA Reconciled End-use Load Shapes for Miscellaneous (Feeder 3) 
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Figure C-67. EDA Reconciled End-use Load Shapes for Miscellaneous (Feeder 5) 
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Figure C-68. EDA Reconciled End-use Load Shapes for Miscellaneous (Feeder 10) 
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Figure C-69. EDA Reconciled End-use Load Shapes for Miscellaneous (Feeder 15) 
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