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November 8, 1989 

()Battelle 
Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington U .S.A. 99352 

Telephone (509) 375-3648 

Tom Eckman, Conservation Analyst 
Northwest Power Planning Council 
851 SW 6th, Suite 1100 
Portland, Oregon 97204-1348 

Dear Tom: 

Enclosed please find a copy of a draft report, "RESOLUTION OF ELCAP METERED 
END USE DATA AND REGIONAL COMMERCIAL BUILDING PROTOTYPES", which presents the 
results to date of the first phase of the work plan of the same name. I look 
forward to discussing the results with you and the other interested parties 
at the meeting Scheduled for Tuesday, November 7, at the Power Council 
offices. 

You will note that two areas of the analysis, the weather normalization and 
the internal heat gains normalization, are incomplete at this time. The 
other issues seem to have resolved the majority of the discrepancy between 
the HVAC end use intensities for the most part, and my attention has been 
focused there. I do intend to complete these pieces for the final draft. 

4;;~ 
Robert Pratt 
Senior Research Scientist 
Battelle-Pacific Northwest Laboratories 

cc: J.om Foley 
Jeff Harris 
Margie Gardner 
Ken Corum 
Rich Gillman 
Ron Sands 
Joe Cade 
Orville Blumhardt 
Norm Clark 
Jeff Jansen 
Tim Steele 
Jim Sapp 
Marc Schuldt 
Steve Hauser 

Council, Conservation Analyst 
Council, Conservation Analyst 
Council, Conservation Analyst 
Council, Forecasting 
Bonneville, End Use Research . 
Bonneville, End Use Research/Battelle-PNL 
Bonneville, Resource Planning (Supply Curves) 
Bonneville, Resource Planning 
Bonneville, Commercial Technologies 
Bonneville, Commercial Technologies 
Bonneville, Commercial Technologies 
Bonneville, Commercial Forecasting 
United Industries Corp., Supply Curve DOE-2 Modeling 
Battelle-Pacific Northwest Laboratories 
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1.0 INTRODUCTION 

The fundamental issue to be investigated in this task is the observed 
discrepancy between the End-Use Load and Consumer Assessment Program (ELCAP) 
commercial sector metered end-use intensities (EUis) and the EUis from the 
regional commercial building prototypes. The prototypes are used to 
rep resent all commerical buildings in the region for energy planning purposes 
such as the determination of what conservation technologies are cost 
effective (supply curves) and how much conservation can be obtained from them 
(resource assessment) for existing and new commercial buildings. DOE-2 . 
simulations of the prototypes are used to develop estimates of end use loads 
and technology impacts. Since the numerous simulation runs required 
represent considerable work and expense, and since there is a need for the 
supply curve results in the near term, resolution of these discrepancies is 
urgent and is the goal of the work described here. 

The ELCAP commercial sector data consist of hourly end-use loads metered 
at the circuit panel level for 140 commercial sites in the Pacific Northwest 
starting in 1985 and continuing through the present. The ELCAP Commercial 
Base sample consists 103 sites designed to be roughly representative of the 

' small and medium sized commercial buildings in Seattle. One current ELCAP 
project analytic task is designed to investigate the differences in the 
lighting and equipment load EUis in some detail. 

The analysis discussed here focuses on similar issues, but for the 
heating, ventilating, and air conditioning (HVAC) loads. Nearly all 
conservation measures affect heating and cooling loads, either directly 
reducing them by increasing the envelope or HVAC system efficiency, or 
indirectly affecting them when changes in the lights and equipment in the 
building reduces the heat given off by these loads. If the predicted end-use 
loads are ,incorrect, then the cost effectiveness of the simulated 
conservation measures will be similarly affected. Direct measures designed 
to reduce heating loads may be completely inappropriate if the are of the 
same size as cooling loads, for example. Similarly, reductions in lighting 
will have increased indirect benefits if cooling loads are really as large as 
heating loads, as suggested by the ELCAP data. 

1.1 



,, 

The goal of this analysis is to highlight and clarify methodological 
issues involved in the development of the ELCAP EUis that could affect the 
results, to make some simple comparisons with other work, and estimate the 
effect of some changed assumptions. The analysis is limited to the large and 
small office and retail building prototypes and the comparable ELCAP 
buildings. These building types have the highest priority because they form 
a large fraction of the floor space in the region. The methodology devel6ped 
and results obtained will generally point out issues of relevance to the 
other building types. 

• · 
Specific objectives of the analysis are the examination of the following 
issues: 

• the disaggregation of Mixed HVAC end-use loads 

• the disaggregation of General Mixed end-use loads 

• treatment of a fluctuating sample size across end uses within a building 
type 

• the effect of year-to-year weather variations on the HVAC loads 

• the sources and types of equipment involved in the HVAC auxiliary end 
use in the ELCAP sites 

• summarization of the characteristics of the ELCAP buildings 

• the effect of non-electric energy consumption in ELCAP buildings and of 
extraploating the results to all-electrical heated buildings 

• the effect of altered levels of internal heat gains. 
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2.0 KEY FINDINGS 

Of critical importance to this analysis is contribution of the 
disaggregation processes to the three reported HVAC-related end uses 
(Heating, Cooling, and HVAC Auxiliaries). Roughly half the reported cooling 
and electric heating EUis are found to be derived from loads estimated f rom 
the Mixed HVAC disaggregation process for both building types. About two 
thirds of the HVAC Auxiliary load in offices and about half in retail sites 
is similarly derived. 

A procedural error in this process was discovered to have resulted from 
use of outdoor temperature data from ELCAP weather stations that had recorded 
no cold weather. For these few buildings, the reported winter loads were 
based on only the warmest days in the December and January, biasing the 
results to low loads. This error has been corrected and is estimated to be 
responsible for an increase in the mean ELCAP office HVAC loads of 
approximately 1.4_ kWh/sqft-yr. 

Using ELCAP buildings that have all of their HVAC consumption monitored 
as separate heating, cooling, ventilation, and auxiliary components, a Mixed 
HVAC load signal was created for testing of the disaggregation process . This 
test was performed for office and retail buildings, and showed that the 
heating and cooling load disaggregation process to be fairly accurate for 
heating and cooling loads. Heating loads appear to be ·~ over-
predicted i n office buildings, while their HVAC Auxi l iary loads are 
~ubs~nder-predicted . Such errors are conservative in that the 
noted discrepancy is that ELCAP office heating loads are lower and the HVAC 
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The gas heated offices show very high consumption for space heat. The 
inclusion of the gas billing data in the analysis increases the mean ELCAP 
office total heating EUI by 2. 46 kWh/sqft-yr. This is the result of both 
high consumption by the gas sites, as well as gas consumption in sites that 
substantially supplements electric heating at three sites . The additional 
gas heating loads represented by the sites that consume both gas and 
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electricity for heating is responsible for an increase of about 0.9 kWh/yr
sqft above the previously reported ELCAP EUis. The remainder of the increase 
in the overall office heating EUI (about 1.5 kWh/sqft-yr) is simply due to 
the high gas consumption for the offices. 

Developing mean total heating EUis for both the existing and new office 
and retail buildings, using-post-1980 construction as the definition of new 
buildings, causes the existing office prototype and ELCAP heating EUis to 
agree within about 30%. The previously noted discrepancies in the HVAC 
Auxiliary loads remain, and some notable differences in cooling EUis are 
jndicated for both offices and retail buildings. Fundamentally, however, the 
end-use intensities agree to a much greater extent than they at first 
appeared to, and this lends increased confidence to use of the existing 
results and may result in a lower priority for analysis of the remaining 
discrepancies. 

"-
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3.0 BACKGROUND 

The commercial prototypes buildings are described by the DOE-2 
simulation model. Ten prototypes are used to represent various classes of 
buildings such as small retail, large office, grocery, warehouse, etc. The 
DOE-2 simulation is used to.predict EUis for heating, cooling, and HVAC 
auxiliaries (fans, pumps, and control circuits). Levels of lighting and 
equipment loads that generate heat inside the buildings are assumed inputs to 
the model, as are descriptions of the building envelopes, HVAC systems, and 
control strategies assumed to be typical for buildings in the region. Some 
~ffort has gone into using Bonneville•s Commercial Audit Program (CAP) data 
to develop the prototype descriptions, and ensure that they produce EUis for 
the HVAC end uses that are comparable to those predicted fo_.r the large number 
of buildings in the CAP data base. 

Tables 3.1 and 3.2 compare the EUis from the office and retail supply 
curve prototype buildings, as developed and simulaied by United Industries 
Corporation (UIC), with EUis developed from the Commercial Base Study of the 
ELCAP project. Note that in Table 3.1 the simulated heating loads for the 
offices are three and five times larger (for large and small offices, 

~ respectively) than those derived from the ELCAP metered data. The cooling 
loads are similar, although the HVAC auxiliary EUis (energy consumed by the 
fans and pumps of the HVAC system) in the metered ELCAP buildings are much 
higher than in the small office protoype. Also, the miscellaneo-us equipment 
loads in the ELCAP buildigs are much larger than for both prototypes. The 
total loads from ELCAP and the prototypes are roughly compar~ble, as are 
lighting loads. 

The comparisons of the heating loads for retail buildings in Table 3.2 
are not quite as dramatic as for the offices, although in the existing 
buildings t~e EUis are hgihg for both small and large buildings. The same is 
not true for new retial buildings. This is important, since it is well known 
that larger buildings have a smaller ratio of building exterior surface area 
to floor area, and so require less heat per unit floor area. Since the 
average size of the ELCAP buildings lies in between the small and large 
prototypes, it is reassuring when the ELCAP EUis are intermediate between 
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them, and conversely alarming when they are not. The ELCAP cooling EUis are 
also higher than those for the prototype retail buildings by about 65%. 
Lighting loads and total electric loads in the ELCAP sites are somewhat lower 
than for the prototypes. 

While the biases in the ELCAP sample of buildings with respect to the 
Seattle building population are well known, how they might affect the EUis is 
unclear. Since the ELCAP buildings do represent the largest existing sample 
of end use metered buildings, resolution of these observed discrepancies is 
crucial. 
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TABLE 3.1 

INITIAL COMPARISON OF ELCAP AND SUPPLY CURVE PROTOTYPE OFFICE BUILDING EUis 
(kWh/ sqft-yr) 

. 
Building Type 

Developer 

Prototype 

Floor Area (sqft) 

Space Heat 
Space Cool 
HVAC Auxiliary 

. ~ Hot Water 
Internal Lighting 
External Lighting 
Vertical Transport 
Misc. Equipment 

Total 

"-

ey. i 5:k \ ''[3 
Sma 11 
Office 

UIC 

Baseline 

4,880 

10.33 
1.98 
1.20 
0.54 
5.76 
1.26 
0.30 
2.28 

23.66 

ComBase Large 
Offices Office 

ELCAP UIC 

Mean Baseline 
New&Old 

11,000 408,000 

/':M~9j 

1.71 14.16 
1. 55 1. 70 
4.03 5.34 
0.41 0.20 
7.64 10.11 
2.07 0.39 

0.90 
4.62 . 2.22 

22.03 
~\. 0~ 

35.02 

d_ l, DL\ Of\ \-Qb\e ~.'1-

1\(W.) 

Sma 11 ComBase Large 
Office Offices Office 

UIC ELCAP UIC 

Baseline Mean Baseline 
New&Old 

4,880 11,000 408,000 

7.20 1. 71 4.96 
1.92 1.55 1.27 
1.08 4.03 3.23 
0.54 0.41 0.20 
5.76 7.64 9.28 
1.26 2.07 0.39 
0.30 0.60 
2.28 4.62 2.22 

20 .35 22.03 22.16 



TABLE 3.2 

INITIAL COMPARISON OF ELCAP AND SUPPLY CURVE PROTOTYPE RETAIL BUILDING EUis 
(kWh/ sqft-yr) 

. 
Building Type Sma 11 ComBase Large Small ComBase Large 

Retai 1 Retail Ret a i 1 Retail Retail Retail 

Developer UIC ELCAP UIC UIC ELCAP UIC 

Prototype Baseline Mean Baseline Baseline Mean Baseline 
New&Old New&Old 

Floor Area (sqft) 13,125 15,000 120,000 131125 15,000 120,000 

Space Heat . 4.78 1. 91 2.53 3.15 1.91 0.14 
Space Cool 0.85 1.44 0.48 0.89 1.44 1.06 
HVAC Auxiliary 1.00 0.81' 3.25 1.00 0.81 4.12 

' Hot Water 0.42 0.40 0.21 0.42 0.40 0.21 
Internal Lighting 7.75 6. 90 . 13.77 8.44 6.90 12.51 
External Lighting 0.87 0.89 . 0.26 0.87 0.89 0.26 
Vertical Transport 0.00 0.64 0.00 0.64 
Misc. Equipment 1.14 1.34 . 1.24 1.14 L34 1.24 

Total 16.81 13.69 22.38 15.92 13.69 20.18 
\:,'d-.'\ 
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4.0 ELCAP END-USE INTENSITIES 

A general set of eight end-uses used for regional planning purposes is 
shown in Table 4.1. This end-use breakdown results from the supply curve 
prototype modeling process. A similar, slightly more detailed breakdown is 
used by regional commercial forecasting models, including cooking and 
refrigeration as separate categories. For office and retail buildings these 
EUis are small, and for the purposes of this analysis they are included with 

the Miscellaneous Equipment end -use. 

Note that the commercial supply curve prototype buildings are, by 
definition, all-electric buildings. The commercial forecast is based on 
loads for all-electric buildings adjusted for saturations of gas space heat, 
hot water, and food preparation equipment. The ELCAP Commercial Base Study 
sites are a random sample irrespective of the fuels used in the buildings, 
and so a number of the buildings utilize gas or steam for some end uses. It 
is the purpose of this section of the report to describe how comparable ELCAP 
end use intensities are derived from the metered information, and from 
billing data for the non-electric consumption. 

The ELCAP project meters end-use loads in much greater detail, from up 
' to sixteen end-uses, although the level of detail i s somewhat inconsistent 
from building to building . The ELCAP end-use intensities developed 
previously consist of three basic sources of end-use information: 

• directly metered end-use loads that are 11 pure 11 in the sense that they 
are not metered in combination with any other end-use loads 

• estimated end-use loads from the Mixed HVAC metered end use that is used 
for energy consumed by packaged heating/cooling units commonly installed 
on building rooftops . The packaged units typically consist of a cooling 
system, the circulation fan, associated dampers and controls, and often 
also includes electric heat. 

• estimated end-use loads from the General Mixed metered end use that is 
used for energy consumed on general purpose circuits that serve 
receptacles and minor lighting systems. 

To this end-use metering-based information must be added gas billing 
data to complete the picture of energy consumption i n the ELCAP sites. The 
sections which follow address the methodologies used to aggregate the hourly 
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data over time for each site, to disaggregate the Mixed HVAC and General 
. -

Mixed metered end uses and the gas billing data into end-use components, and 

finally to average the results across sites. 

4.1 TEMPORAL AGGREGATIONS 

4.1.1 Basis for Treatment of Missing Values 

Estimation of average annual end-use loads from metered hourly loads is 

complicated by the missing data that is inevitable in any metering project. 
Most ELCAP sites have some missing data, so a data filling scheme is required 

to create monthly and then annual energy totals from the hourly loads. For 
the aggregations used here, missing values are filled using the average of 
available data, subject .to some acceptance criterion. For example, an 
average monthly load might be constructed only if observations are available 

for at least 50% of the hours in that month. Specific maximum missing 

criteria and the derivation of the average loads us~d here are 
described in this section. 

It should be noted that the best possible means of filling missing data 
is on the basis of the data that is present. Therefore, the best that any 

~ data-filling algorithm can do is to match the patterns of information 
contained in the data with respect to parameters such as temperature, time of 
day, etc. Any information added to the data set through filling missing data 

can only be the result of error in the filling process. The purpose of 
filling missing data is to extract information from the existing data and 

assimilate it in an understandable form, not to create new information where 

data were missing. It is usually the need to have a ucomplete 11 underlying 

data set for higher level aggregations that filling is required. Thus, a key 

feature of the data-filling methodology used here is that it is applied 

implicitly during the process of producing higher-level temporal 

aggregationS: 

By aggregating across time-series data using averages instead of sums, 

missing data are automatically and implicitly filled with the mean value of 

the observations with which thev are aggregated. Since the aggregation 

process preserves the hourly dimension as long as possible in the aggregation 
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process, each missing hourly value is implicitly filled with the average of 
. . 

the same hour from all relevant non-missing days. Missing data at the 
monthly level are similarly filled with data from the same month but other 
calendar years, implicitly capturing the seasonal component of energy usage. 

4.1.2 Methodology 

The end-use loads previously prepared by ELCAP and reported here are 
average annual loads from all available verified data over the time period 
1986-1988. The process of aggregating the hourly data to average annual 
levels is shown in the flow diagram of Figure 4.1. As shown, average annual 
loads are derived from the hourly data by one of two routes. All end uses 
except the HVAC end uses (Heating, Cooling, and HVAC Auxiliary) are processed 
into average hourly profiles for each month, then averaged across hours to 
produce the average loads. Because the HVAC loads obtained from 
disaggregating the ELCAP Mixed HVAC end-use are on a daily basis, the HVAC 
loads that are "pure" are also aggregated on a dailY basis instead of from 
monthly profiles. 

Each of the steps shown in Figure 4.1 is described here. 

• Step 1a--Convert Hourly Non-HVAC End-Use Data to Monthly Profiles. 
Average monthly load profiles are created by ~veraging all loads for 
each month by hour of day, producing 24 average hourly loads for each 
month of the data time-series. A monthly profile is only constructed if 
the average for each hour is based on at least seven days, insuring that 
each value in a monthly profile is based on at least one week 1 s data. 

• Step 1b--Convert Hourly HVAC End-Use Data to Daily Averages. Daily 
average loads are computed by averaging loads from all 24 hours in each 
day. If any hour is missing, the daily average load for that day is set 
to missing. 

• Step 2a--Convert Non-HVAC End-Use Monthly Profiles to Monthly Loads. 
The monthly average load for each month is defined as the average of the 
hours in the profile for that month from Step la. Two constraints apply 
to the monthly averages. First, at least 50% of all hours in the month 
must be .non-missing. Second, all 24 hourly values in the profile must 
be non-missing. 

• Step 2b--Convert Daily Average HVAC End-Use Loads to Monthly Loads. 
The monthly average load for each month is defined as the average of the 
daily loads for that month from Step lb. A minimum of 50% of the days 
in the month must be present or the monthly load is set to missing. 
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• Step 3--Conve rt Month ly Loads to Average Monthly Loads . The average 
load for a calendar month is the average of all monthly loads for that 
month of the year across all years in the data time series. That is, 
the average January load is the average of January loads from all years 
a site has been metered in which sufficient quantity and quality data is 
available. Only one monthly load for a calendar month is required from 
the data time series to obtain a non-missing average monthly load for 
that calendar month. 

• Step 4--Convert Loads for Average Months to Loads for an Average Year. 
The average load for an average year is a single number that represents 
the overall average annual load of an end use over the entire monitoring 
period. The average annual load is non-missing only if an average load 
is available for each of the 12 calendar months. 

4.1.3 Implications of the Temporal Aggregation Process 

Although better algorithms for filling missing data can be envisioned 
(explicitly incorporating the effects of outdoor temperatures and/or day of 
week, for example), the assumption implicit in this methodology is that the 
pattern of missing data is essentially random. This .may not be entirely 

true, as it has recently been shown that residential metering installations 
are more likely to drift beyond their calibration tolerances under conditions 
of very high loads. The ELCAP verification process ("sum-checking") adds the 
hourly end-use data to ensure that it is equal to the building total load for 
' 
the hour, which is separately metered. If the difference is outside the 
calibration tolerance, then the data from that hour is made missing. 

This is a robust and automated filter for incorrect data that has proven 
extremely valuable in a metering project the size of ELCAP, but if the 

cri teria are tighter than required to catch~ the truly incorrect data, 

t here may be some tendency to drop hours with higher loads when slight 
channel calibration errors start to become significant. A looser criteria, 
on the other hand, will allow some errors to pass that may be small in total 
but are large with respect to some of the smaller end-use loads . The 
solut ion to ihis problem of selecting an optimum tolerance criteria is not 
straightforward, however, and in any event the effects of such errors are 
li kely to be small relative to issues of sample size and representativeness. 

The second important implication of the aggregation process is that 

loads are averaged over mul t iple years, mitigating the impact of fluctuating 
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weather .from one year to the next. Thi? is beneficial in damping out the 
impact of such fluctuations on the loads, but also complicates the 
determination of the average weather during the time period of the metering 
for comparison with long term averages used for simulating the prototype 
buildings. This process is described further in Section 4.7. 

4.2 "PURE" METERED ELECTRICAL END-USE LOADS 

The term "pure" ELCAP end-use loads is used here to refer to those that 
do not require disaggregation into components to form the reported end uses. 
These are simply aggregated over time using the methodology described in 
Section 4.1 to form average annual loads. For most of the reported end uses, 
these average annual loads correspond one-for-one with the desired end-use 
breakdown. 

Two exceptions to this are the HVAC Auxiliary and the Miscellaneous 

Equipment loads. The "pure" HVAC Auxiliary loads consist of the sum of the 
ELCAP end uses Ventilation and Auxiliary, corresponding to the energy 
consumed by the fans and the pumps and controls used in the HVAC system, 
respectively. Similarly, the Miscellaneous Equipment load is comprised of 
~he sum of many individual ELCAP end uses, such as Receptacles, Data 
Processing, Food Preparation, and Refrigeration, to name a few. 

4.2.1 Fraction of Reported End-Uses Derived from "Purely'' Metered End-Uses 

. The central issue surrounding ''pure" ELCAP end-use loads is the 
proportion of any of the reported end-use loads they comprise. Obviously 

whatever portion of the reported end-uses that come from one of the 
disaggregation processes is open to questions about the accuracy of the 
disaggregation methodology used. To highlight this issue, the contributions 
from each of-four sources of data ("pure", Mixed HVAC, General Mixed, and gas 
billing data) to the reported end-uses for each ELCAP site are shown in 
Tables 4.2 and 4.3 for the offices and retail sites used in this analysis. 
(The selection of these sites for the analysis is discussed in Section 4.6.) 

Each column of Tables 4.2 and 4.3 represents a single ELCAP site, whose 
identification number appears at the top. Each reported end use is shown as 
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a row with the prefix "Total" in its tit_le ("Total Heat" for the Heat end
use, for example). Continuing with the example of the Heat end use, the next 
four rows in the table show the contributions of the "purely" metered end 
uses, the disaggregated Mixed HVAC and General Mixed end uses, and the 
disaggregated gas billing data to the Total Heating end-use load for each 
site. The mean loads for all sites is shown at the right. 

Note that the process of averaging loads across these sites differs from 
that used to develop the previously derived ELCAP loads, most importantly in 
the inclusion of zero loads for sites without any such end use equipment 
present. These issues will be discussed in detail in Section 4.6. 

As can be seen from these tables, the "pure" metered end-uses provide 
over 90% of the reported mean EUis for the Interior and Exterior Ligh_ting, 
Vertical Transportation, and Miscellaneous Equipment end uses, for both the 
office and retail samples. Over half the water heating EUI in offices is 
derived from the gas billing data, although this is largely driven by a 
single site with very high consumption. (This site shows very high summer 
gas bills, and no gas equipment other than water heating is noted to be in 
it.) Over 80% of the water heating in the retail buildings is from the 
"pure" end-use metered data. 

Of critical importance to this analysis is contribution of the 
disaggregation processes to the three reported HVAC end uses. Roughly half 
the cooling and electric heating contributions are provided by the Mixed HVAC 
disaggregation process for both building types. About two thirds of the HVAC 
Auxiliary load in offices and about half in retail sites is similarly 
derived. In office buildings the General Mixed disaggregation process also 
provides a small but significant contribution to the HVAC Auxiliary load. 
These processes are examined further in the Sections 4.3 and 4.4 that follow. 

4.3 DISAGGREGATION OF MIXED HVAC END-USE LOADS 

The ELCAP metering protocol is designed to collect the maximum 
practicable detail from each metered building, with the stipulation that 
energy be metered at the circuit panel level. Individual devices are metered 
separately only if they are served by dedicated circuits. This relieved the 
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project ~f problems associated with ins~alling metering equipment directly on 
devices (e.g., warranties can be voided if seals are broken) and reduced the 
cost of meter installations by centralizing the points of measurement. 
Because of the vast variability in electrical systems across building types, 
ages, and sizes, this requires the definition of a somewhat flexible set of 
end uses to ensure some consistency across buildings. 

For example, the ELCAP metering protocol calls for separate measurement 
of heating, cooling, ventilation, and HVAC auxiliary energies only when 
equipment is segregated at the electric service panel. When the various HVAC 
functions are not segregated, as is the case with a packaged rooftop unit, 
total consumption of the unit is measured as the Mixed HVAC end use, but the 
individual heating, cooling, ventilation, and auxiliary con t ributions are 
unknown. Approximately half the commercial sites in the ELCAP sample have a 
Mixed HVAC end use. This section explains the analytical technique used to 
disaggregate the Mixed HVAC end use to obtain the reported heating, cooling, 
and HVAC Auxiliary EUis. 

4.3.1 A Monthly Analogue to the Hourly Disaggregation Process 

Figure 4.2 shows a typical monthly pattern of . commercial building loads. 
On top of a relatively constant load representing lights and miscellaneous 
equipment is shown a mixed HVAC load with both heating and cooling 
components. Faced with the need to estimate the heating and cooling 
contributions based on this information, an analyst might note that it the 
internal heat generated in the building most closely "balances" its heat loss 
to the colder outdoor temperatures during March and November, when the 
minimum loads are observed to occur. It is reasonable and probably fairly 
accurate to assume that the loads from December and January are heating, 
while the loads from April to October are cooling loads. Thus the minimum 
points in the~monthly HVAC loads are used to segregate periods of heating 
from periods of cooling. What to do with the loads in the 11 Swing" months 
(March and November) is problematic, but for lack of a better assumption they 
might be estimated as consisting of equal parts heating and cooling. 

Aside from the obvious problem of how to allocate the consumption 
during the "swing" months, deeper examination of this idea points out three 
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other critical problems. The first is ~hat it is well known that the level 

of internal heat gains are much lower at night, and combined with the lower 
outdoor temperatures this increases the need for heat relative to the daytime 

hours. 

Secondly, the same problem exists for occupied days (weekdays) as 
opposed ·to un-occupied days weekends. Thus a building can easily require 

heat at night and on weekends, and begin cooling by the afternoon on occupied 
days. The effect of reduced internal heat gains is mitigated somewhat if the 
building uses a night/weekend thermostat setback, but then morning warmup 

loads are increased and are likely to occur on days when cooling is required 
later. Finally, no clue is given by this process as to how much energy is 
required by the HVAC system fans and pumps. 

If the monthly HVAC loads are plotted against average outdoor 
temperature, it can be imagined that a U-shaped curve would result, as the 
heating loads cause an increase at lower temperatures and cooling loads cause 
an increase at higher temperatures In fact, the above is a crude 
approximation of the technique used to disaggregate hourly ELCAP Mixed HVAC 
end-use loads. Fortunately, the hourly resolution of the ELCAP data allows a 
more refined version of this process to be developed, as described in the 

' Section 4.3.2 that follows. 

4.3.2 Disaggregation of Hourly Loads 

Figure 4.3 illustrates the process of obtaining an empirical 
relationship of the Mixed HVAC load to outdoor temperature. For a given 
building, the average daily consumption for the mixed HVAC end use is plotted 

against the average daily outdoor temperature. Superimposed on the scatter 

plot is curve representing a st atistical best fit to the data. The curve is 

obtained using a non-parametric curve fitting procedure known as lowess 

(~cally-weighted regression ~catter plot ~moothing). Lowess is a robust 

curve-fitting technique that involving a series of linear regressions to 
segments of the data. The procedure is resistant to outliers, and results in 

a curve describing the functional relationship between the outdoor 
temperature and the Mixed HVAC end use. 
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Assuming that the lowess curve adequately represents the behavior of the 
. . 

Mixed HVAC end use, then the disaggregation of that end use is 

straightforward. The point on the x-axis at which the lowess curve reaches 

its minimum value (Tbal) represents the ''balance" temperature at which the 
building changes from heating mode to cooling mode. They-axis coordinate of 

this point (Q t) can be assumed to represent the base system load when ven 
neither heating nor cooling is required. This is presumably a combination of 

ventilation fans, compressor crankcase heaters on rooftop units, control 
circuits, and any other auxiliary equipment such as condenser fans and water 

pumps. The disaggregation process assumes the ventilation and auxiliary 

energy is constant at the value of Qvent· On any day in which the average 
outdoor temperature exceeds the balance point, all consumption in excess of 

Qvent is assigned to the cooling end use. On days when the temperature is 

below Tbal' the energy is assigned to heating. 

This procedure is straightforward and simple, but is refined further to 
improve its accuracy. First, notice the scatter plot around the minimum of 
the lowess curve. Clearly, the energy consumption on some days is well below 
the assumed baseline ventilation rate. On other days it is higher. To a 
large extent this is due to variation in internal heat gains on occupied and 
un-occupied days. Second, notice that the region 6f the lowess curve that 
contains the minimum is somewhat flat, indicating that there is a "dead band" 
of outdoor temperatures where neither heating nor cooling appear to be 
required. 

An understanding of typical commercial building operations can explain 
some of these deviations. The HVAC systems of many buildings operate on 

strict schedules, lowering thermostat set points and/or reducing ventilation 

at night. Cool nighttime temperatures combined with a thermostat setback can 
result in large heating loads in the early morning hours, even in warmer 

months when CC?_O 1 i ng may be required in the afternoons. Days during which 

both heating and cooling are required contribute to the wide scatter around 
the minimum of the lowess curve, and increase the width of the apparent "dead 
band". The net impact of these problems on the disaggregated loads is that 

the HVAC Auxiliary loads tend to be overestimated in this simplified 
procedure. 
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To minimize the errors associated with days of both heating and cooling, 
the process described above is modified in two ways. First, each day is 
classified as either a work day or a non-work day, based on previous 
daytyping analyses conducted on the ELCAP sites, and a separate Mixed HVAC 
characterization analysis is conducted for each day type. This eliminates 
scatter due to different schedules of operation on different days of the 
week. Thus a lowess curve that relates the Mixed HVAC response to daily 
average temperature is developed for each hour, and this set of 24 curves is 
developed for each of two day types (work days and non-work days, 
irrespective of day of week) if two distinct types are noted to be present. 

Second, to account for the hour-to-hour schedule of each building, 
hourly loads are ~nalyzed instead of simple daily averages. By fitting a 
separate lowess curve to each hour's data, the changes in building operation 
can be captured. This is illustrated in Figure 4.4, which shows two separate 
lowess curves, one for each of two sample hours. Notice that the x-axis is 
again daily average outdoor temperature, even though each curve represents 
the average of load for a single hour of day for one day type. 

The use of daily temperature data to correlate hourly loads is based on 
two considerations. First, the disaggregation technique is intended to split 
Toads at the monthly level. Correlating to daily temperatures makes the 
final step in the process more efficient, the number of computations being 
reduced by a factor of 24. Second, and most important, using the daily 
average temperatures better captures the effects of building thermal mass. 
For example, if a building has significant thermal mass, the HVAC loads at 
11 PM strongly depend on temperatures and thermostat usage earlier in the 
day. Even though the current outdoor temperature may be quite low, much heat 
might remain in the mass of the building if earlier temperatures were high. 

Finally, the balance temperatures used to estimate the HVAC Auxiliary 
load and segregate hours of heating from hours of cooling are allowed to vary 
by hour of day. Figure 4.3 represents a fictitious day composed of only two 
hours (to simplify t~e explanation). Hour 1 represents a daytime hour and 
hour 2 represents nighttime. The l owess curve for hour 1 has a minimum value 
(Q 1 ) that represents the daytime ventilation load. The curve for hour 2 

y I-
has a minimum (Q 2) that represents nighttime ventilation loads. In the v, 
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example, nighttime ventilation loads ar~ lower than daytime ventilation 
loads. Also, the lower ventilation load, possibly combined with a thermostat 
setback strategy, results in a lower balance temperature for the nighttime 
loads. This is illustrated by the points marked Tb 1 and Tb 2. 

I I 

The estimates of the average thermal performance of the building at a 
given daily average outdoor temperature is then used to determine whether the 
load for those hours is due to heating or cooling, and to make an estimate of 
the proportion of the load that is due to the fans and pumps. By summing 
these proportions over the 24 hourly curves at a given daily average 

temperature, the average fractions of the Mixed HVAC load that are heating, 
cooling, and HVAC auxiliaries are determined for such days. The product of 
these fractions and the actual metered daily load is then used as the 
estimate of the actual loads for ·a ~iven day. The resulting daily data are 
then further aggregated to monthly and annual averages as described in 
Section 4.2, above. 

Figure 4.5 shows a typical set of 24 hourly Mixed HVAC vs. temperature 
curves for an ELCAP site (a grocery store). The site has a notable decrease 
in cooling efficiency in the afternoons, as would be expected due to high 
outdoor temperatures. Not also the almost complete .lack of cooling in the 

~arly morning hours, but significant cooling is evident as late as lAM. The 
nearly constant HVAC consumption of the curves at the balance points 
indicates that the ventilation system is not shut down at night. 

Another typical set of Mixed HVAC curves is shown in Figure 4.6 for 

another building, in this case an office. This building shows a very 
different character. The lack of response of the nighttime HVAC loads to 
temperature indicates the heating and cooling systems are turned off at 
night. The fact that they are near zero further indicates that the 
ventilation system is also turned completely off at night. The oddly shaped 
curve for hour 7 AM reflects the morning warmup loads from the night setback. 
These two examples are provided because they illustrate how the 
disaggregation is designed to correctly interpret and process these diverse 
situations. 

The results of the Mixed HVAC dtsaggregation process are shown on a 
site-by-site basis in Tables 4.2 and 4.3 for office and retail sites, 
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respectively. The relative proportions of the reported Heating, Cooling, and 
HVAC Auxiliary loads represented by the disaggregation results have been 
discussed in Section 4.2. 

4.3.3 Testing of the Mixed HVAC Disaggregation Methodology 

The methodology is vulnerable to errors under certain conditions. One 
obvious problem has been noted when it is applied to hotels and motels, when 
occupancy drives their heating and cooling loads more strongly than the 
weather. In tourist-oriented motels on the Oregon coast, for example, 
occupancy is strongly correlated with good weather and cooling loads are non
existent, and some heating is required year-round. This produces increasing 
loads as temperature increases, up to a certain point when loads start to 
decrease. The resulting "upside down U-shaped" thermal characterization 
curves are obviously not appropriate for this procedure. Fortunately, such 
situations are not likely in office and retail build~ngs, and none have been 
noted in examining the disaggregation curves. 

A major vulnerability of the methodology involves a building with 

multiple, independently-controlled zones and/or multiple HVAC systems. For 
example, consider a building with two separately-controlled HVAC systems 
serving two zones. Assume the two zones have different balance temperatures. 
A lowess curve could be fit to each of the systems' energy consumption data. 
However, the ELCAP metering protocol would sum the energies of the two into a 
single Mixed HVAC end use, making separate curve fits impossible. 

The lowess fit to this summed end use would resemble the sum of the two 
theoretical individual curve fits. This is illustrated in Figure 4.6. The 
minimum value of the fit to the summed HVAC load does not correspond to the 
sum of the minima of the two individual curves, resulting in an 
overestimation of HVAC Auxiliary loads. Also, the simultaneous heating and 
cooling that takes place between Tb 1 and Tb 2 would not be properly 

I I 

recognized by the summed curve with its single balance point, Tb . The ,sum 
significance of this error depends on the width of the region between the two 
individual balance points and the fraction of the year the outdoor 
temperature falls in that range. 
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Fortunately, the problems associated with multiple zones are minimized 
in practice because large, multi-zone buildings tend to have large, 
segregated HVAC systems that are easily monitored as "pure" end uses under 
the ELCAP protocol. Packaged HVAC units and other mixed systems tend to be 

present in smaller, typically single-zone buildings. Likewise, when only a 
single zone and system are involved, the problems of simultaneous heating and 
cooling in a single hour are rare. Nevertheless, it should be noted that the 
error associated with multi-zone buildings with significant amounts of Mixed 
HVAC end-use loads is expected to result in an overestimation of the HVAC 
Auxiliary EUis, while underestimating heating and cooling. 

Conversely, in buildings which operate their ventilation system in a 
"demand" mode instead of continuously, the ventilation loads will tend to be 
underestimated. A "demand mode" for ventilation is typical of residential 
central heating systems, in which the circulation fan only operates when 
heating is required. Despite the fact that in commercial buildings fresh 
ventilation air is typically provided by the circulation fans, which should 
be in operation continuously during occupied hours, anecdotal evidence from 
case studies of ELCAP and Energy Edge buildings suggests that this is 
frequently not the case, or that buildings are not operated consistently in 
this regard. When the circulation fan operates in ·a "demand mode", its 
consumption is not steady but instead increases as the heating or cooling 
loads increase. Thus the minimum of the Mixed HVAC vs. temperature curve is 
lower than the actual average HVAC Auxiliary loads. 

The cumulative effect of these errors on the end-use estimates from the 

Mixed HVAC disaggregation process is unknown. However, many of the buildings 
in ELCAP have all of their HVAC consumption monitored as separate heating, 
cooling, ventilation, and auxiliary components. These sites provide an 
opportunity to artificially "create" a load signal as if the loads were 
metered toget~er as a Mixed HVAC load. The disaggregation process can then 
be applied to the load to check on the accuracy of the technique. As noted 
previously, the buildings with "pure" HVAC end uses tend to be the larger 
sites with central HVAC systems, and so the results of this testing might be 
expected to highlight the multi-zone errors. 
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This test has been performed for office and retail buildings, and the 
' . 

results are shown in Figures 4.7 through 4.12. For office buildings, Figures 
4.7 through 4.9 show that the heating and cooling load disaggregation are 
fairly accurate, although heating loads are slightly over-predicted, while 
the HVAC Auxiliary loads are substantially under-predicted. This is contrary 
to the expectation of the effect of simultaneous heating and cooling in 
multi-zone buildings, and suggests the possibility of ~demand mode'' 
ventilation controls. 

Note also that, if this error carries over to the disaggregation of the 
sites that actually have Mixed HVAC end uses, these errors are conservative 
in that the noted discrepancy is that ELCAP office heating loads are low and 
the HVAC auxiliary loads are high. This lends a degree of confidence that 
the disaggregation process is not contributing in a large way to the observed 
discrepancies. 

The results for retail sites in Figures 4.10 through 4.12 are similar, 
although in this case the cooling loads are under-predicted instead of the 
heating loads. Again, this is a conservative result, because the ELCAP 
cooling EUis are larger than both the large and small retail prototypes. 

Finally, a problem with the disaggregation process is its complexity. 
buring the course of preparing these results, it was noted that there was an 
error in the process used to develop the previously reported EUI estimates. 
This error resulted from use of outdoor temperature data from ELCAP weather 
stations that had recorded no cold weather in their history to develop the 
characterization curves for a few sites. For these few buildings, the 
reported winter loads were based on only the warmest days in the December and 
January, biasing the results to low loads. This error has been corrected 
here, and is responsible for an increase in the mean ELCAP office HVAC loads 
of approximately 1.4 kWh/sqft-yr. 

4.4 General Mixed End-Use Disaggreoation 

A difficulty analogous to the situation with packaged HVAC units arises 
when an electrical circuit feeds both lighting fixtures and miscellaneous 
equipment (plug) loads. This is frequently the case in smaller buildings, or 
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in small zones of larger buildings. In this case, the measured energy is 
assigned to a General Mixed end use. By far the most common such occurrence 

is a mixture of lighting and plugs on the same circuit. 

Frequently, the majority of a building's lighting will be on a 

dedicated, often high-voltage, panel, while a small amount, usually in 
closets or rest rooms, is on the low-voltage plug circuits. Therefore, the 
"pure" lighting end use defined by ELCAP often represents only a portion of 
the total lighting load in a building. 

Another frequent occurrence of greater relevance to the discrepancies 
under examination in this analysis is a small amount of ventilation being 
mixed with lighting and/or plugs. This is generally due to small, ceiling
mounted ventilation fans in closets or rest rooms. Similarly, window-mounted 
room air conditioners are often plugged into wall receptacles, resulting in a 
mixture of plug loads and HVAC loads. 

Any such mixture of end uses is measured and re~orded as the General 
Mixed end use in the ELCAP metering system. This end use is usually small 
compared to other major end uses such as lighting or HVAC, but it 
occasionally represents a large fraction of a building's load, particularly 
in smaller and older structures with a single electric service panel. The 
~ 

result is that other "pure" end uses do not entirely constitute the load they 
are intended to represent. This is particularly problematic in a study such 
as this, where end use loads are averaged across buildings. Buildings with a 
large fraction of lighting on the General Mixed end use would lower the 
average of the lighting loads, for example. 

4.4.1 General Mixed End Use Disaggregation 

To provide a better assessment of the cross-building averages of various 
end uses, a technique was developed to analytically disaggregate the General 
Mixed end use -into its various pure components. This technique is possible 
because of the extensive building characteristics survey conducted on each 
metered building. For every monitored end use, including the General Mixed 
end use, the connected load inventory recorded a list of all connected 
equipment. Both the types of equipment and their rated capacities were 
recorded. 
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The disaggregation technique relie~ heavily on the results of previous 
work that characterized the use of various types of equipment in relation to 

its rated capacity. As this work should be published soon by Bonneville, and 

the General Mixed end use disaggregation is of far less importance to the 

issues analyze here than is the Mixed HVAC end use, the details of the 

methodology are only briefly summarized here. 

The previous analysis examined the energy consumption of various types 
of equipment in buildings of differing building types. Using regressions of 

EUis metered on specific ELCAP end uses versus the capacity density (kW/sqft) 
of installed equipment of various types metered on the end use. The results 
of this analysis (the coefficients of the regressions) are utilization 
factors for various categories of equipment. A utilization factor can be 
interpreted as the average equivalent full-load hours of operation expected 
when a particular type of equipment is present in a building. 

Separate regressions are run for various combinations of building types 
and end uses, and the results of all regressions are compared to identify the 
most reliable utilization factors for each equipment and building type 
combination. The analyses were performed for all equipment categories except 
HVAC, because HVAC equipment was not a part of that study. For the 

previously developed reporting of ELCAP end uses, the process was repeated 
for that equipment category to handle the frequent appearance of ventilation 

and the occasional appearance of heating or cooling equipment in the General 

Mixed end use. The final utilization factors used in preparation of this 
document are shown in Table 4.4, in units of fraction of hours of full-load 
equivalent use (times 1000). That is, if the equipment operated continually 
at its rated load, the fraction of the time the equipment is ~on'' is the 
utilization factor in Table 4.4 divided by 1000. 

Once the utilization factors are known, the General Mixed data can be 
'<. 

disaggregated by estimating the load contributed by each equipment type 
metered on the General Mixed end use. The estimated loads predicted for each 
equipment type in a building are simply the product of the capacity density 

and the average utilization factor for each equipment type. Once the 

estimates are obtained, since -they are correct only on average, t heir 
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relative fractions of the total estimated load are used to apportion the 
metered General Mixed end use load among its constituents, primarily Interior 
Lighting and Miscellaneous Equipment. 

The disaggregated General Mixed end uses for office and retail buildings 

are also shown in Tables 4.2 and 4.3. In particular, as the HVAC Auxiliary 
load for offices from the General Mixed disaggregation has one very large 
outlier (site 565), caution should be used when using these results for HVAC 
Auxiliaries. A limited test of this procedure has been conducted, and is 
described in the following section. It is estimated here that the 
uncertainty in the General Mixed contribution to the mean sample HVAC 
Auxiliary EUis is on the order of 50%, equivalent to 0.38 kWh/sqft-yr in 
office buildings. Its contribution to the retail HVAC Auxiliary EUI is very 
small, and any error is probably not significant to these results. 

4.4.2 Testing of the General Mixed Disaggregation Process 

The General Mixed disaggregation technique relies on the assumption that 
these utilization factors, which were developed on groups of buildings, are 
applicable to individual buildings. While this assumption is clearly not 
correct, it only needs to be correct on average to provide useful estimates 
bf disaggregated loads. It has been tested and shown to provide generally 
accurate predictions of average end use loads for various building types, as 
shown in Table 4.5. As indicated, the process appears to produce estimates 
of aggregate end use loads within about 5% for the office and retail 
buildings involved in the regressions. This result not entirely a case of a 
regression providing a good estimate of the mean of the data used to develop 
it, as the utilization factors are derived from numerous individual 
regressions on individual end uses, rather than on the total equipment load 
in the buildings. 

4.5 FUEL BILLING DATA 

No fuel billing data for Commercial Base Study sites in Seattle was 
available in the ELCAP data archive at the time the anaiysis was begun. As 
part of this analysis, this data was obtained for nearly all office and 
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retail sites for which annual estimates of metered electric end-use data are 
also available. One site uses steam foi heating, its billing data has not 
yet been obtained, and it was dropped from the analysis. Consumption 
estimates for calendar months are derived from meter reading data that occurs 
irregularly by a simple ratio of the two bills that include the days from the 
calendar month, based on the number of days in the month in each billing 

period. 
Initially, the approach to providing end-use disaggregation of this data 

was parallel to the General Mixed disaggregation. Estimates of hot water and 
food preparation consumption can be based on the gas equipment capacity 
density and utilization factors for electrical equipment of the same type. 
Unfortunately, this process clearly did not work well for hot water loads, 
which are not less likely to be based on nameplate capacities than on 
occupant behavior, compared to the other equipment types in the General Mixed 
Disaggregation process. 

An alternative methodology that in some respects parallels the PRISM 
(Princeton Scorekeeping Method) analysis for residential billing data has 
been developed and is the basis of the allocation of the billing data to hot 
water and space heating. (None of the buildings analyzed have gas equipment 

c~pacities for food preparation equipment.) The method is based on comparing 
the summer and winter fuel bills, rather than on linear regressions of loads 
versus degree days as in PRISM. 

A key property of hot water loads is that they vary seasonally due to 
variations in the inlet water temperature, as well as possibly behavioral 
influences. The average ratio of summer (July and August) loads to winter 
(December and January) for electrical water heating loads in offices and 
retails were computed and are shown in Table 4.6. Similarly, it is noted 
that some heating loads occur during summer for most ELCAP office and retail 
buildings in Seattle. This precludes simply attributing the summer gas 

-~ 

consumption to water heating. The averages for electrical space heating 
loads are also shown in Table 4.6. Although the standard deviation for space 
heat is large, it is felt that it is better to make some estimate of summer 
heating than to arbitrarily assume all summer loads are for service hot 
water. 
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The summer and winter consumption (subscripts s and w) for wate r heating 
(W) and ~pace heating (H) can be express~d as 

Ls = Hs + Ws 

Lw = Hw + Ww 

If the ratios Cw = Hs/Hw and CH = Ws/Ww are assumed to be known properties of 
the building types, on average, then this system of four equations and four 
unknowns can be solved algebraically as 

( Cw* Lw - Ls ) CH 
H = s 

Cw CH -

with the restriction that Hs always be set to zero if the estimate is 
negative. The summer heating water heating load estimate is obtained by 
subtraction, and an annual water heating load estimate is made by dividing by 
the average ratio of summer to annual water heating loads. These ratios are 
also shown in Table 4.6. The remainder of the annual load is assumed to be 
space heating. 

An overall efficiency of 65% is assumed for gas combustion to convert 
the loads to their electrical equivalent. This efficiency is arbitrary, and 
can be easily changed if desired. 

The results of the fuel bill disaggregation process are shown in Tables 
4.2 and 4.3 for the office and retail sites. Two particularly notable 

observations result. First, the gas heated offices show very high 
consumption for space heat. The three largest heating EUis are all from gas 
heated sites. This increases the mean ELCAP total heating EUI by 2.46 
kWh/sqft-yr. This is the result of both high consumption by the gas sites, 
as well as gas consumption in sites that substantially supplements electric 
heating at three sites. The latter is discussed further in the following 
section. One of the gas-heated retail sites also shows extraordinarily high 

~ 

consumption for space heat, and gas heat in conjunction with electrical heat 
appears common in retail buildings as well. 

The second observation is that the gas contribution to the Service Hot 
Water EUI in office buildings may be suspect, due to one large out l ier (site 
6D2). As noted previously, this site has very large summer gas bills , and 
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has no known gas equipment other than water heating , so much of the summer 
load is 'attributed to water heating. 

4.6 CROSS-SITE AVERAGING PROCESS AND FINAL ANALYZED SAMPLE SELECTION 

One very important difference between the mean EUis previously reported 
by ELCAP and those presented here is the treatment of sites without 
electrical loads for specific end uses. In the previously reported ELCAP 
work, the mean EUis are the average EUis across all sites in which an 
electrical end use is present. This was done to estimate of the EUis in all
electric buildings, without benefit of the gas billing data or the associated 
analysis. In the EUis reported here, since fuel consumption is included, 
loads for all end use/fuel combinations that do not exist at a site are set 
to zero and averaged in with the other sites to obtain the mean loads. For 
this reason, many of the EUis reported here are not comparable to those 
previously reported by ELCAP. 

Inclusion of the gas billing data is noted in the previous section to 
have made a very large difference in the mean EUis for space heating. This 
is not entirely due to the higher consumption in the gas-heated buildings, 

- ~owever. Note that electrical space heating loads are indicated for four 
sites that heat partially or mostly with gas (sites 565, 595, 602 and 601). 
The previously reported EUis implicitly assume that the presence of 
electrical heating loads indicates the building is all-electric. This is 
clearly not the case. The additional gas heating loads represented by these 
sites is responsible for an increase of about 0.9 kWh/yr-sqft above the 
previously reported ELCAP EUis. The remaining two entirely gas heated sites 
both have very high consumption, and increase the overall office heating EUI 
by about 1.5 kWh/sqft-yr. 

Finally,_ unlike the previously reported ELCAP EUis, the analysis here 
only includes sites where all end uses are present. (Some end uses may be 
missing for sites with multiple data loggers when one logger fails for an 
extended period.) This eliminated one office building (site 731) from the 
analysis. One retail site (735) is not used because its end-uses are 
inconsistently defined over the metering period, probably indicating 
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modifications to the building reflected in its end-use metering equipment. 
' . 

One large retail site (751) is not included because no gas bilJing data could 
be located for it. Similarly a large office site (738, pseudo-site 6020) is 
not included because it uses steam heat for which billing data has not yet 
been obtained. It also has two gas meters serving multiple pseudo-sites 
(sub-sites) within the building, and end use data from all of these sub-sites 
are not available. How much these changes in the sample of buildings 
reported affects the EUis has not been determined. 

4.7 WEATHER NORMALIZATION 

[TBD. The results of this analysis will be included in the final draft.] 
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TABLE 4.1 

DEFI NI TIONS OF REPORTED END USES 

End Use Description 

Heating energy consumed for space heating. 

Cooling energy consumed for space cooling. 

Auxiliaries energy consumed by fans, pumps, control circuits, 
room ventilators, etc. 

Hot Water energy consumed to heat water for domestic use. 
This does not include hot water used for space 
heating. 

Interior Lighting energy consumed by-. indoor lighting systems 

Exterior Lighting energy consumed by outdoor lighting systems, when 
powered by the building electrical system. 
(Frequently exterior commercial lighting is not 
metered by the utility but billed at a flat rate to 
the business.) This includes parking lot lights, 
lighted signs, and decorative lighting. 

Vertical energy consumed by elevators and escalators, 
Transportation 

Miscellaneous energy consumed by office equipment, computers, cash 

Equipment registers, display mechanisms, refrigerators, food 
preparation equipment, sanitation, materials 
handling, and all other miscellaneous equipment not 
specified above. 

Building Total all energy consumed by a building, for any purpose. 



TABLE 4.2 

~ ELCAP OFFICE EUis BY SOURCE AND END USE (kWh/sqft-yr) 
i;, 
~;I 

1 l ao.P Site 2 298 299 <444 <456 5<47 5<48 565 595 609 601 602 717 6021l ~ean 
U) 1) 

) "' ) --o 
~. ~~ ~tal Heat <4.76 1.19 <4.31l 3 . 27 1. 36 13.27 <4.21l 6 . 52 7.22 10.22 5 .81 3 . 32 5.45 2 . 61 5.19 
~. ~ Pure Heat ll.ll0 8 . <4<4 ll.58 1.58 9.56 0.00 3.89 <4.85 0 .89 9 . 81l 3.13 8.1l8 5.80 8.1l8 1.43 
~ '::.. ~t.lix. Heat <4.68 8 .66 3.69 1.69 8.88 8.09 8.41 8.1!3 ll.48 8.23 1.88 8.09 lUll 2 .61 1.23 

.; ~ ~ Gen . Heat 8.88 8.89 0.02 0.00 0 . 00 0 . 00 8 . 08 8 . 09 8 ; 08 8.08 8.08 8.<46 8.36 e.01 0 .07 
~ ~ . Fuel Heat ll.ell lUll 8.e0 lUll 0.e0 ~26 · 0 . 00 us 6....65 ~ 0 . 00 2~ !U.S 9.89 2.46 

~ Total Cool 8.5<4 8 .6<4 1.77 1.19 8 .77 1.66 ll.73 2.86 2.7<4 2 . 85 3.37 ll.88 4.89 1.85 1.91l 
Pure Cool ll.88 0.00 0.00 0 . 00 8.ell 1 . 56 8 . ell 0.e0 0 . 01l 1.26 2.10 ll.88 4 . 80 0.e0 0 .77 
t.lix . Cool 0.54 0.64 1.77 1.19 0. 77 0 . 00 0.73 2.55 2.74 1 . 59 1.27 0.00 0 . 00 1 . 85 1.12 
Gen. Cool 0.00 8.1l0 0.00 0.00 0.00 0.00 0.00 0.31 0.00 9 . 00 0.01l 0.00 0.e0 0 . 00 0 .e2 

Total HAux 2.9<4 1.95 8.42 2.29 2. 23 1 . 36 7.74 18.88 1.1e 0.47 2.8<4 1.33 1.74 6.67 3.56 
Pure HAux 8.1l0 8 . 13 0 . 00 0.00 e . 16 0 . 91l 3.16 8.e1 0 . e0 0.05 8.00 1.27 0 .11 0 .1l0 0.41 
t.lix. HAux 2.7<4 1.82 8.42 2.29 2.07 0.00 4.58 2.<4<4 1.10 8.<42 0 .87 0 . 00 0 .00 6.60 2.38 
Gen. HAux 0 . 20 8.09 8.88 0.88 0.00 8 . 46 0.00 6.35 0.00 0 . 00 1.97 8.86 1 . 63 ll.07 0 .77 

Total SHW 8 . 82 8.22 8.22 8.41 1.17 8.29 1.06 0.38 0.29 1. 1l1 0.52 7.31 0.71 0.42 1.00 
Pure SHW 0.09 0.22 0 . 22 8 . 41 1. 17 0.29 1.06 0.38 0.29 0 . 00 0 . 52 0.03 0.70 0.42 0.41 
Gen. SHW 0 . 02 0 . 09 0.00 0 .00 0.00 0.00 8.98 9.89 9 . 09 8.09 0. 00 0.00 0 .09 9.00 0. 00 
Fuel SHW 8.08 0.00 0.00 9.00 8.08 9.08 0.08 0.09 8.08 1.81 0.00 7.27 0.00 0 . 01l 0 . 59 

Total !Lit 4.14 3.79 1.43 7.94 5.76 6.24 9 . 29 14 . 93 15.55 6 . 01 14.44 4.32 7.88 6 . 79 7 .75 
Pure !Lit <4.14 3.79 1.43 7.94 5.65 6.24 9.29 12 .93 15.25 4.89 14.42 4.38 6 . 86 6.70 7 . 35 
Gen. !Lit 0.00 0.00 8.81l 0.00 0 . 11 8 . 98 9.89 2 .09 8.38 1 . 21 0 .02 0 . 02 1.82 0 . 10 0. 40 

~Total ait 0 . 00 1.17 8.81 4 . 15 1.63 2.05 1.38 5. 69 3.21 2. 28 1.87 0 . 12 0.ss 0 .e0 1.78 
Pure ait 8.Be 1.17 8.81 4.15 1.63 2.e5 1 . 38 5.69 3.18 2.28 1.85 0.12 0.56 0.00 1.77 
Gen. ELit 0.00 0 .00 0 . 00 0.00 0 . 00 0.00 9.00 0.00 0 . 12 0 .00 0.02 0.00 0.00 0.00 0.01 

Total VTrn 8.24 0 . 00 0.00 0.00 9.80 9.00 0.00 ll . 00 0 .00 0.00 0.00 0.13 0.37 0 .00 0.05 
Pure VTrn ll.2<4 0 . 00 0.00 0.00 0.00 0.00 0 . 00 0.00 0.00 0 . 00 0 . 00 0.12 8 .37 0 . 00 0.05 
Gen. VTrn 0.00 0 .00 0.00 0 . 00 0.00 0 .00 0.01l 0.00 0 . 00 0 . 00 0.00 0 . 01 0.00 0 .00 0.00 

Total t.IEqp 2.83 2.77 <4.13 2. 31 2.08 1 .49 1.97 <4 . 25 3.28 2. 51 2 . 59 0.62 2.54 <4 . 90 2.73 
Pure t.IEqp 0.80 2.77 8.09 2.31 1.55 1.49 1.97 4.24 1 . 66 1.58 2.59 0.59 2 .40 4 . 55 1.99 
Gen. t.IEqp 2.83 0.00 <4 . 83 0.00 0.53 0 . 00 0.00 0.01 1.62 8.93 0.00 0 . 02 0.14 0.34 0.75 
Fuel t.IEqp 0.00 0.00 0.00 0.00 0.00 0.00 0 . 00 0.00 0 . 00 8.06 0.00 0 . 00 0 .00 0 .00 0 .00 

~\ 
Total ETot 16.26 11 . 61 21.83 21 .77 1<4 . 92 12.16 26 . 59 41 . 89 27.19 14.52 31.12 7.97 24 . 56 22.32 2l.04 l 

Pure ETot 16 . 26 11.61 21.83 21.77 14.92 12 . 16 26 . 59 41.89 27 . 19 14.52 31 . 12 7.97 24 . 56 22.32 2~ 

Key to Sources: Total - Tota l of AI I Fuels Key to End Uses: Heat - Space Heating 
Cool - Air Conditioning 

-Pure -Directly Uetered HAux- HYAC Fans and Pumps 
Sh1 - Service Hot la t er 

t.lix - Disaggregated fro• aetered Ilit - Interior Lights 
t.lixed HYAC end use EL it - Exterior Lights 

YTrn - Vertical Transportation 
Gen - Disaggregated fro• aetered t.IEqp - t.liscel laneous Equipment 

General t.lixed end use ETot- Electrical Total 

Fuel - Disaggregated fro• bi I ling data 
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TABLE 4.3 

ELCAP RETAIL SITE EUis BY SOURCE AND END USE (kWh/sqft-yr) 

B..CAP Site 289 532 646 566 610 716 723 744 60H! 6011 6B22 6B27 6B28 6B43 1ean 

Total Heat 2.73 13.49 1.19 2.46 3.45 "·"" 2.8B 1.43 B.14 ll .37 2.B9 1. 51l 5.B9 3.79 2.89 
Pure Heat 2.18 B.33 B.24 2. 46 B.33 0. e0 1.47 e.e2 "·"" "·"" 2.1!9 ll.IH B.62 3.79 B.97 
Mix. Heat e.55 "·"" "·"" e .e0 e.ee "·"" 1. 33 1!.29 1!.14 e.36 0.0e 1.49 4.47 0.ee ll .62 
Gen. Heat e.e0 0.ee "·"" "·"" "·"" "·"" 11. ea "·"" "·"" 1! . 1!0 1!.1!0 e.ee e.ee "·"" "·"" Fuel Heat e.ee 13.16 B.95 "·"" 3.12 ''-"" 0.ee 1.13 e.ee e .e0 B.llll "·"" "·"" "·"" 1. 31 

Total Cool B.ll 3.41 e.ee 1.35 0.1!0 0.ee e.55 1.13 2.1lB B. ll 0.1!0 1!.83 B.71! e.ee 1!.73 
Pure Cool e .e3 3.41 ll.ll0 1.35 ll.llll 0.1!0 "·"" 1.11 "·"" 1!.10 e.ee "·"" e.ee ll.I!B B.43 
Mix. Cool B.ll7 lUll! ll . llll e.ee e.e0 1!.1!0 e.55 e .e2 2.ee B. B2 1! .1!0 B.83 e.7e e.ee e .3e 
Gen . Cool "·"" e.e0 1!.1!1! e .e0 e.ee e .e0 e.ee e.e0 ll.llll e.e0 0.ee B.llll e.ee e .ee "·"" 

Total HAux 1!.44 ll.llll e.ee 1. 52 0.e0 e. ee 0.94 2.2B e .55 1.19 "·"" 1.14 1.49 B.21 B.69 
Pure HAux e.e0 e.e0 0. 1!1! 1. 52 e.ae e .ee "·"" 1. 96 "·"" 1! .75 "·"" "·"" "·"" e .ea 1! .30 
l.lix. HAux B.ll e.ee e.ee e.e0 ll.llll 0.0e B.94 ll.24 1!.55 1! .44 1!.1!0 1.14 1.43 e .ee B.35 
Gen. HAux ll.32 "·"" "·"" ll.ll0 ll.llll e.e0 ll . llll 0.e0 ll.Bil ll.llll 

ll. "" 
e.ee e.e6 1! . 21 B.ll4 

Total SHW e.37 B.2B ll.ll1 B.49 1.35 B.60 B.18 B.29 e.e5 ll .B1 2.B3 1!.49 B.41 7.15 B.97 
Pure SHW B.37 B.21l ll.B1 B.49 e.e0 B.60 ll.18 e.e8 e.e5 ll . ll1 2.1l3 ll . 49 1!.41 7.15 1!.86 
Gen. SHW "·"" ll.llll "·"" "·"" e.e0 "·"" ll.0B ll.llll ll.llB ll.I!B ll.llll ll.llll "·"" e .ee B.lHl 
Fuel SHW "·"" e.ee e.e0 0.ee 1.35 "·"" "·"" B.21 "·"" "·"" "·"" ll . llll "·"" "·"" B. ll 

Total IL it 5.34 8.1!8 3.83 8.34 7.97 2.65 1.37 8.38 11!.17 1B.B3 1. 96 3.23 2.84 12 . 5B 6.19 
Pure ILi t 5.34 7.94 3.83 7.84 7.97 2.49 1.37 7.86 11!.17 11l .ll3 1. 96 3. 23 2.84 12.32 6.1!8 
Gen. ILit e.ee B.14 e.ee B.49 "·"" 1!.16 e.ee e.52 "·"" e.ee "·"" e.ae ll.llB B.19 B.ll 

Total B.. it 1. 96 2.B8 0.ee l.B3 1.3B "·"" "·"" B.55 B.67 1.28 e .ee 1.24 3.78 B. I!B B.99 
Pure B..it 1. 96 2.1!8 "·"" l.B3 "·"" "·"" "·"" e.ss B.67 1. 28 e.ee 1. 24 3.78 e .ee B.91! 
Gen . B..it 0.ee e.ee e.ee ll.I!B 1.3B e.ee 1!. "" e .ee e.ee e .ee ll.llll e.ee e.ee e .ee 0.1!9 

Tota I YTrn 0.ee e.ee e .ee "·"" "·"" e.ee "·"" 1!.18 e .ae e.ee e.ee e.ee e.ae e.ee e.e1 
Pure YTrn e.ee e.ee e.ee e.ee e.ee "·"" "·"" 1!.18 e.ee e.ee "·"" "·"" "·"" ll . llll e .e1 
Gen. VTrn ll.l!ll "·"" ll.llll ll . llll 1! . 1!1! 1! .1!1! "·"" B.llll "·"" "·"" "·"" e.ee ll.llll e.ee "·"" 

Total l,IEqp 1.5B 1!.39 1!.26 1.81 ll.21 2.33 9.99 ll.49 1. 93 B.35 1!.24 1!.64 1.1!9 5.44 1. 91 
Pure l,IEqp l.ll1 1!.39 1! . 26 1.77 1!.21 2.1!3 9.99 B.49 1. 93 1! .35 1! . 24 1!.64 1.1!9 5.11! 1.82 
Gen . t.fEqp 1!.49 ll. ll ll ll.llll 1!.1!4 ll.llll 1!.31! e.ee e.ea e.ee e.ee· ll.I!B e.ee e.ee 1!.34 e.e8 
Fuel l.lEqp ll . llll ll . llll ll . llll e.ea a.ea e.ee I!.Bil 1!.01! ll.llll e.ee e . ee ll . llll B.llll ll . llll ll.l!ll 

Total ETot 12.18 14.44 4.33 17 .11! 9.92 5.95 15.85 13.55 15.75 13.36 6.93 9. 31! 15.41 28.37 13.1!3 
Pure ETot 12.18 14 .44 4.33 17 . 11! 9.92 5.95 15.85 13.55 15.75 13.36 6.93 9.3B 15.41 28.37 13.B3 

Key to Sources: Total - Total of AI I Fuels Key to End Uses: Heat - Space Heating 
Cool - Air Conditioning 

P.ure - Directly Metered Aux - HVAC Fans and Pu•ps 
SHW - Service Hot Water 

llix - Disaggregated fro• aetered Ilit - Interior ·Liohts 
llixed HVAC end use ELit - ~terior Lights 

VTrn - Vertical Transportat ion 
Gen - Disaggregzted fro• aetered l.lEqp- lliscel laneous Equipment 

General llixed end use ETot- Electrical Total 

Fuel - Disaggregated fro• billing data 
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TABLE 4.4 

EQUIPMENT UTILIZATION FACTORS 

USED FOR GENERAL MIXED DISAGGREGATION 

EQUIPMENT CATEGORY OFFICE RETAIL 

Office Equipment 144 449 
Food Preparation 15 151 
Laboratory 19 19 
Material Handling 15 78 
Refrigeration 129 403 
Sanitation 17 65 
Vertical Transport 15 15 
Shop 43 581 
Miscellaneous 100 928 
Hot Water 43 151 
HVAC 396 371 
Space Heat 65 67 
Space Cool 64 54 
Heat Pump 141 188 
Lighting 142 133 
Ventilation 396 371 
Computers-Small 192 446 
Computers-Large 999 446 
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TABLE 4.5 

PREDICTED VS. ACTUAL LOADS FOR THE BUILDINGS IN THE REGRESSION DATA SET 

END 
USE OFFICE RETAIL GROCERY RESTAURANT WAREHOUSE SCHOOL OTHER 

PRED.ACTUAL PRED.ACTUAL PRED.ACTUAL PRED.ACTUAL PRED.ACTUAL PRED.ACTUAL PRED.ACTUAL 

DATI\ 0.89 0.88 0.18 0.15 0.96 0.93 0.42 0.41 0.21 0.07 0.00 0.00 0.05 0.01 
FOP 0.34 0.40 0.00 0.00 3.62 3.15 11.11 11.50 0.02 0.00 0.12 0.11 0.02 0.02 
IIOT 0.51 0.62 0.31 0.39 1.76 1.98 2.39 2.46 0.05 0.19 0.30 0.27 0.21 0.25 
MAT 0.01 0.01 0.01 0.00 0.97 0.37 0.50 0.01 0.00 0.00 0.00 0.00 0.02 0.02 
MIX 3.97 3.88 1.37 1.31 2.56 2.34 5.52 3.89 1.41 1.35 0.75 1.09 0.54 0.54 
HEFn 0.35 0.41 0.00 0.00 34.12 36.70 7.03 7.91 0.13 0.01 0.07 0.08 0.01 0.00 
SAN 0.01 0.00 0.00 0.00 0.04 0.04 0.53 0.71 0.00 0.00 0.00 0.00 0.04 0.03 
SHOP 0.03 0.00 0.37 0.33 0.00 0.00 0.00 0.00 0.15 0.12 0.00 0.00 0.00 0.07 
SPC 0.40 0.61 1.15 1.10 1.22 0.51 0.54 0.29 0.00 0.01 0.00 0.02 0.01 0.07 
ELV 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 6.55 6.86 3.39 3.27 45.26 46 .02 . 28.04 27.18 1.98 1.74 1.23 1.57 0.91 1.02 
Erman -5% 4% -2% 3% 13% -22% -11% 



TABLE 4.6 

SUMMER/WINTER AND SUMMER/ANNUAL LOAD RATIOS 

FOR OFFICE AND RETAIL BUILDINGS 

VARIABLE 

Mean Service Hot Water Summer/Winter Ratio 

Standard Deviation, 
Service Hot Water Summer/Winter Ratio 

Mean Service Hot Water Summer/Annual Ratio 

Standard Deviation, 
Service Hot Water Summer/Annual Ratio 

Mean Space Heating Summer/Winter Ratio 

Standard Deviation, 
~ space Heating Summer/Winter Ratio 

OFFICES 

0.793 

0.179 

0.149 

0.020 

0.047 

0.059 

RETAILS 

0.702 

0.154 

0.137 

0.017 

0.049 

0.175 
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(Step 1a) 

FIGURE 4.1 

FLOW DIAGRAM OF AVERAGE LOAD AGGREGATION PROCESS 

Hourly Data 
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1 FIGURE 4.2a 

DISAGGREGATION OF MONTHLY MIXED HVAC LOADS 
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FIGURE 4.3 

HOUR-BY-HOUR LOWESS ANALYSIS OF MIXED HVAC LOADS 
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FIGURE 4.4 

TYPICAL MIXED HVAC VS. TEMPERATURE CURVES FOR A NON-SETBACK BUILDING 
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FIGURE 4.5 

TYPICAL MIXED HVAC VS. TEMPERATURE CURVES FOR A SETBACK BUILDING 
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FIGURE 4.7 
I 

COMPARISON OF PURE AND DISAGGREGATED HEATING - OFFICES 
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FIGURE 4.8 

COMPARISON OF PURE AND DISAGGREGATED COOLING - OFFICES 
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FIGURE 4.9 

COMPARISON OF PURE AND DISAGGREGATED HVAC AUXILIARIES - OFFICES 
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FIGURE 4.10 
I 

COMPARISON OF PURE AND DISAGGREGATED HEATING - RETAIL SITES 
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FIGURE 4.11 

COMPARISON OF PURE AND DISAGGREGATED COOLING - RETAIL SITES 
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FIGURE 4.12 
I 

COMPARISON OF PURE AND DISAGGREGATED HVAC AUXILIARIES - RETAIL SITES 

---0--- Pure Vent+Aux Sites Only 

------------------------·6------------------------· Disaggregated Vent+Aux (all sites) 

A 
G~~~ 

----- -----------f:s..: ... --------6---------... _ -- /;._______ 6 ' 6-----------./\-
.. 15:····· .. Q : L1 -----.<.;:.. ....... \-6 

';"' L...::l. 

'•, 
, .. ", ...... 

',.A ................ p 

2 4 6 8 10 12 

Month 



5.0 RESOLUTION OF SUPPLY CURVE PROTOTYPE AND ELCAP EUis 

5.1 BASIC RESULTS FOR EXISTING AND NEW BUILDINGS 

The very high heating consumption for the gas-heated office buildings 
discussed in Section 4.6 suggests there may some relationship of gas heating 
with either building size or vintage (the year of its construction). The 
seasonal gas combustion efficiency may be lower than the assumed 65%, but not 
enough lower to account for the massive differences in loads observed for 
these sites. 

Tables 5.1 and 5.2 show three primary characteristics of each site 
analyzed for the office and retail samples, respectively. It can quickly be 
determined that there is little, if any, relationship of heat ing EUis to the 
size of the buildings. However, noting that the gas office buildings were 
all constructed before 1980, the EUis are separately tabulated for existing 
and new buildings in Table 5.2. This is possible as a direct result of 
including the gas billing data in this analysis, since prior to this the cell 
sample sizes of such a partition are too small to be useful. Mean total EUis 
and electric EUis are shown for both the existing and new office and retail 
buildings using 1980 as the definition of new bui_ldings, as this coincides 

' with the adoption of an MCS-like energy standard by Seattle. 

There js a dramatic change in the total heating EUis between the old and 
new offices illustrated by Table 5.3, particularly in light of the lower 
Interior Lighting EUI in new buildings, which places more of a burden on the 
heating system. · The heating EUis are now much closer to those predicted by 
the supply curve prototypes for existing offices. Another striking 
difference is the very high HVAC Auxiliary EUI for new offices compared to 
existing buildings. 

Note also that the Miscellaneous Equipment EUis are much lower than had 
' •-

been previously estimated for ELCAP. The reason for this has not yet been 
discovered, but may be in part a reflection of the slightly different samples 
of buildings analyzed if a si-te which was a major outlier is no longer 
present in the analysis. Investigation of this issue is continuing. 
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The partition between the new and existing retail sites does not reveal 
such large differences. The sample of new retail buildings only consists of 
three sites, and so its ability to represent new retail sites is suspect. 
Heating loads are higher for the new sites than for the existing sites, 
probably reflecting the effect of much lower lighting loads. The new retail 
sites also exhibit much higher HVAC Auxiliary loads than do the older sites. 

5.2 COMPARISON OF ELCAP EUis WITH THE PROTOTYPES AND THE LOAD FORECAST 

The EUis for existing office buildings from ELCAP are compared with the 
supply curve prototypes, with the current Power Council/Bonneville forecast, 
and with the ASHRAE prototypes in Table 5.4. Most importantly, the EUis in 
Table 5.4 for existing office buildings now are much closer (within 30%) to -·- -
the regional small office supply curve prototype as simulated by UIC (United 
Industries Coprporation). The cooling loads are quite comparable, as are the 
miscellaneous equipment loads. 

A large difference is exhibited for the HVAC auxiliary loads, although 
the ELCAP EUI is intermediate between those of the small and large UIC 
prototypes. The same is true for the interior lighting loads. As mean floor 

, area of the ELCAP offices is in between these two prototypes, some indication 
is given that the observed discrepancies are not beyond reason. The most 

important exception to this is the Space Heat EUI in the UIC la~ge office 
prototype, which is even higher than the ELCAP EUI despite having even higher 
lighting loads. 

To place these results in some perspective, EUis from the prototype 
simulations used in the development of the Federal and ASHRAE commercial 
building energy standards are also shown in Table 5.4, arranged from left to 
right ·in order of increasing floor area to highlight its effect. The UIC 
large office prototype heating EUI is clearly an outlier in the trend of 
generally decreasing of heating loads with increasing floor area_. T.hi.s may 
warrant further attention. 

Also included in Table 5.4 are EUis for the 1980 stock of all-electric 
office buildings in territories served by publicly-owned utilities (as is 
Seattle). This stock should closely correspond to the Commercial Base Study 
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sample, except that it includes larger buildings. Nevertheless, the low 
heating and high cooling loads from the forecast cause some concern with 
respect to the ELCAP and UIC prototype loads, although they are not out of 
line with the ASHRAE medium office prototype. 

At the bottom of Table 5.4 are two further estimates for each set of 
-

EUis. The first is the Total Internal Gains, which is estimated as the sum 
of the Interior Light, Miscellaneous Equipment, and 50% of the HVAC Auxiliary 
EUis. The second estimate is the Total Estimated Heat, which is the sum of 
the Space Heat EUI and the Total Internal Gains. This is a crude 
~pproximation of the heat input into the building. When compared on this 
basis, the UIC small prototype, the forecast, and the ELCAP EUis all agree 
closely. 

Tables A.l and A.2 of Appendix A compare key characteristics of the 
ASHRAE and UIC prototype office buildings. No notable reason for the large 
difference in heating loads is obvious, with the possible exception of the 
higher ventilation flow rates in the UIC large office prototype. Note that 
the ASHRAE prototypes are actually composites of a single building design 
with several representative HVAC systems. The individual EUis for each 
prototype and variation thereof are shown in Tables A.3 and A.4 of Appendix 

~A. Most notable is the broad variation in loads across the ASHRAE HVAC 
system variants. This indicates that the loads predicted by the DOE-2 
simulation are highly dependent upon the type of HVAC system modelled. 
Clearly, differences of this magnitude may explain other discrepancies in the 
EUis among the models and data sources. 

Table 5.5 compares various EUI estimates for new office buildings. The 
most striking difference between the ELCAP and UIC new small office prototype 
is in the heating loads. The much smaller load for the ELCAP sites may 
partially be a function of a high incidence of heat pump systems in the new 
offices. The incidence of various HVAC system types of the ELCAP buildings 
is being investigated. 

The HVAC auxiliary loads in the ELCAP buildings are over twice those in 
the small UIC prototype, and in fact are larger than any of the other 
estimates as well. The reason for this is not clear, but Table 4.2 shows 
that there are several anaiyzed sites with loads well above the mean. This 
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indicates the observation is not the result of a single outlier. Again the 
UIC large office prototype seems to violate the general trend toward 
decreasing heating loads with increasing building size shown by the other 

prototypes. 

Similar tables of EUI~ are presented for existing and new retail 
buildings in Tables 5.6 and 5.7. As for offices, characteristics data and 
detailed EUis are also included in Appendix A, in Tables A.5 through A.6. 
The most notable differences in the EUis are the very high lighting EUis 
indicated for both the UIC and ASHRAE large prototypes, which are not 

·reflected in any of the other estimates. This is discrepancy is compounded 
by even lower relative EUis in the new ELCAP retail office buildings. The 
ELCAP and forecasting EUI estimates agree fairly well for existing buildings, 
with the exception of the higher cooling loads from the forecast that are 
consistent with similar trends for the office building forecast. 

5.3 NORMALIZATION FOR LEVELS OF INTERNAL HEAT GAINS 

[TBD. Will be included in final draft] 

,_ 
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TABLE 5.1 

SELECTED PRIMARY ELCAP OFFICE BUILDING CHARACTERISTICS 

ELCAP Site I 
2 296 299 4H 456 6H 648 665 696 6l!ll!l 6l!l1 6l!l2 717 6l!l2l!l 

----
Floor 
Area 16,732 9,959 6,128 3,167 11,318 3,l!l16 16,372 2,921 4,8l!lll 6,423 2,5l!l8 28,649 31,691 6,782 
(sqft) 

Prinry 
lleat i ng Elec. Elec. Elec. Elec. Elec. Gas Elec. Elec. Gas Gas Elec. Gas Elec. Elec. 

()( ~ Fuel 

~Cbo# Vintaue 

~~~ 
(Year of 1976 1982 1962 1984 1983 1963 1984 1961! 1976 1965 1971! 1929 1983 1982 
Conslruction) 

TABLE 6.2 

SELECTED PRIUARY ELCAP RETAIL BUILDING CHARACTERISTICS 

ELCAP Site 289 632 646 666 611! 716 723 7H 69111 6l!lll 6922 6927 6l!l28 61l.f3 

Floor 
Area 4,667 4,131 Hl,167 99,481! 2,331! 2,1l46 14,961! 1117,2711 12,948 12,1lllll 1,232 2,1l21 1,914 923 
(sqft) 

Pri•ary 
Gas Wood Heating Elec. Gas Elec. Gas Elec . Gas Elec . Elec. Elec. Elec. Elec . Elec. 

Fuel 

Vintaue 
(Year of 1962 1985 1890 1968 1937 1931! 1946 1956 1958 1958 1939 1983 1963 <NA> 
Construction) 
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TABLE. 5.3 

ELCAP OFFICE AND RETAIL EUis BY VINTAGE 

Old Offices New Offices Old Retails New Retails 

Sample Size 7 7 10 3 

Mean Floor Area 91150 111915 261565 21867 

Mean EUis Heat 7.19 3.18 2.74 3.11 
(Total) Cool 2.13 1.68 0.86 0.55 

HAux 2.69 4.43 0.64 1.02 
SHW 1.40 0.60 0.52 0.42 
!Lit 9.37 6.13 6.28 3.80 
ELit 2.17 1.39 0.69 2.33 
VTrn 0.05 0.05 0.02 0.00 
MEqp 2.51 2.96 1.80 1.08 

Mean EUis Heat 2.29 3.17 0.91 3.11 
(Electric) Cool 2.13 1.68 0.86 0.55 

HAux 2.69 4.43 0.64 1.02 
SHW 0.22 0.60 0.36 0.42 
IL it 9.37 6.13 . 6.28 3.80 
ELit 2.17 1.39 0.69 2.33 
VTrn 0.05 0.05 0.02 0.00 
MEqp 2.51 2.96 1.80 1.08 
ETot 21.58 20.51 11.72 .12.30 

Key to End Uses: Heat - Space Heating 
Cool - Air Conditioning 
HAux - HVAC Fans and Pumps 
SHW - Service Hot Water 
ILit - Interior Lights 
ELit - Exterior Lights 
VTrn - Vertical Transportation 
MEqp - Miscellaneous Equipment 

....... ETot - Electrical Total 



TABLE 5.4 

EUI RESOLUTION SUMMARY TABLE - EXISTING OFFICE BUILDINGS 

13u il ding Type Sma 11 Small ComBase Pub Util Medium Large Large 
Office Office Offices Offices Office Office Office 

Developer ASH RAE UIC ELCAP NPPC/For ASH RAE UIC ASH RAE 

Prototype Average Baseline Mean 1980 A 11 Average Baseline Average 
All Cases Pre-80 Electric A 11 Cases All Cases 

Floor Area (sqft) 2,250 4,880 91150 <NA> 48,664 408,000 797,124 

Space lleat 14.50 10.33 7.19 3.58 2.62 14.16 3.24 
Space Cool 2.67 1.98 2.13 3.58 4.07 1. 70 1.93 
HVAC Auxilirry 2.41 1.20 2.69 3.96 2.77 5.34 2.19 
Hot Water 0.56 0.54 1.40 0.26 0.27 0.20 0.02 
Internal Lighting 7.24 5.76 9.37 8.73 6.36 10.11 . 5.98 
External Lighting 0.00 1.26 2.17 0.00 0.39 0.00 

rQ k o. r .:Sj S Vertical Transport 0.00 0.30 0.05 1.39 0.90 0.80 
Misc. Equipment 1.95 2.28 2.51 2.88 1.95 2.22 1. 94 1 

--- ~~ r: < '· -

Total 29.32 23.66 27.51 22.99 19.42 
~~ ------------ ---- -;- '1._, 'f I f-Q, 

Q_S.02 16.09 S.:-:;) cy-( · ___ ./ ~t;(\ ~· 

Internal Gains, Est. 10.39 8.65 13.23 13.59 9.69 
If\ ~-~ . .f--hiS . 

15.00 9. 01 '-.) ( 'S;, ",r. h 
Total Estimated Heat 24.88 18.97 20.42 17.17 12.32 29.16 12.25 u 



TABLE 5.5 

EUI RESOLUTION SUMMARY TABLE - NEW OFFICE BUILDINGS 

/ 

13uilding Type Small Sma 11 ComBase Pub Ut il Medium Large Large 
Office Office Offices Offices Office Office Office 

Developer ASH RAE UIC ELCAP NPPC/For ASH RAE UIC ASH RAE 

Prototype Average Baseline Mean 1980 A 11 Average Baseline Average 
All Cases Post-79 Electric All Cases All Cases 

Floor Area (sqft) 2,250 4,880 111915 <NA> 48,664 408,000 797,124 

Space Heat 14.60 8.54 3.18 2.61 6.29 3.30 
Space Cool 2.47 1.79 1.68 3.62 1.30 1.85 
HVAC Auxiliary 2.41 2.01 4.43 2.78 2.96 2.25 
Hot Water 0.56 0.52 0.60 0.27 0.20 0.02 
Internal Lighting 7.07 5.46 6.13 6.39 8.52 5.72 
External Lighting 0.00 1.36 .1.39 0.00 0.38 0.00 
Vertical Transport 0.00 0.29 . 0.05 1.39 0.60 0.80 
Misc. Equipment 1.95 2.53 2.96 1.95 2.40 1.94 

Tot a 1 29.05 22.50 20.42 19.00 22.65 15.88 

Internal Gains, Est. 10.23 9.00 11.31 9. 72 12.40 B. 79 
Total Estimated Heat 24.82 17~54 14.49 12.34 18.69 12.08 



TABLE 5.6 

EUI RESOLUTION SUMMARY TABLE - EXISTING RETAIL BUILDINGS 
\ \ -:::. !0 

( 

Building Type Sma 11 Sma 11 ComBase Pub Util Large Large 
Retails Retails Retails Retails Retails Retails 

Developer ASH RAE UIC ELCAP NPPC/For UIC ASH RAE 

Prototype Average Baseline Mean 1980 A 11 Baseline Average 
A 11 Cases Pre-80 Electric All Cases 

Floor Area (sqft) 111760 131 125 26,565 <NA> 120,000 159,314 

Space Heat 7.11 4.78 2.74 3.23 2.53 0.75 
Space Cool 2.46 0.85 0.86 1. 79 0.48 2.11 
IIVAC Auxiliary 1.89 1.00 0.64 2.85 3.25 2.28 
llot Water 1.55 0.42 0.52 0.21 0.21 1.00 
Internal Lighting 9.60 7.75 6. 28-- 6.42 13.77 14.62 
External Lighting 0.00 0.87 0.69 0.26 0.00 
Vertical Transport 0.00 0.00 0.02 0.64 0.85 
Misc. Equipment 0.86 1.14 1.8 1. 78 1.24 0.86 

Total 23.47 16.81 13.55 16.28 22.38 22.47 

Internal Gains, Est. 11.40 9.39 8.40 9.63 16.64 16.62 
Total Estimated Heat 18.51 14.16 11.14 12.86 19.17 17.37 



TABLE 5.7 

EUI RESOLUTION SUMMARY TABLE - NEW RETAIL BUILDINGS 

! 
...3~N 

Building Type Sma 11 Sma 11 ComBase Pub Uti 1 Large Large 
Retails Retails Retails Retails Retails Retails 

Developer ASH RAE UIC ELCAP NPPC/For UIC ASH RAE 

Prototype Average Baseline Mean 1980 A 11 Baseline Average 
All Cases Post-79 Electric All Cases 

Floor Area {sqft) 11,760 13,125 2,867 <NA> 120,000 159,314 

Space Heat 7.23 3.50 3.11 0.39 0.79 
Space Cool 2.23 0.74 0.55 0.63 1.94 
IIVAC Auxiliary 1.86 1.60 1.02 5.06 2.22 
Hot Water 1.55 0.42 0.42 0.21 1.00 
Internal Lighting 9.26 8.43 3.80 12.51 14.04 
External Lighting 0.00 0.75 2.33 0.25 0.00 
Vertical Transport 0.00 o.oo· 0.00 0.64 0.85 
Misc. Equipment 0.86 0.87 1.08 0.60 0.86 

Total 22.99 16.31 12.31 20.29 21.69 

Internal Gains, Est. 11.04 10.10 5.39 15.64 16.01 
Total Estimated Heat 18.28 13.60 8.50 16.03 16.79 
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TABLE A.1 

EXISTING OFFICE BUILDING PROTOTYPE CHARACTERISTICS 

EXISTING SMALL OFFICE PfWTOTYPES EXISTING MEDIUM OFFICE PROTOTYPES EXISTING LARGE OFFICE PROTOTYPES 
----------------------------------- ----------------------------------- -------------------------------------------

Dui ld ing Type Sma II '.Sma II s~a II Sma II Uediu• Uediu1 t.lediu1 t.lediu1 Large Large Large Large Large 
Office Office Office Off ice Office Office Off ice Office Office Office Office Office Office 

Developer UIC AS II RAE ASH RAE ASH RAE ASH RAE ASH RAE ASH RAE ASH RAE UIC ASH RAE ASH RAE ASH RAE ASHRAE 

Prototype Base I i ne (Case 1 (Case 2 (Case 3 (Case 1 (Case 2 (Case 3 (Case 4 Base I i ne (Case 1 (Case 2 (Case 3 (Case 4 
1975) 1976) 1975) 1975) 1975) 1976) 1975) 1976) 1975) 1976) 1975) 

Floor Area (sqft) 4,008 2,268 2,258 2,260 48,664 48,664 48,664 48,664 ! 408,888 797' 124 797,124 797,124 797,124 

IIVAC Syste1 Packaged Packaged Packaged Packaged Hydronic Central Central Air Sour'ce Central Central Central Central Central 
1 Zone VAV VAV t.lulti-Zone Heat Pu•p DD-VAV CV-Reheat Heat Pu•p CV-Reheat 2 VAVs VAV-HtRc 1 VAV VAV-PIU 

Gas SEER 8.76 8.76 8.75 8.75 8.76 8.76 8.76 8.75 8.75 15.75 11.75 
lloat COP Ul 1.0 1.0 1.0 2. 11 1.0 1.0 2.1l l.ll 1.0 l.ll l.ll 1.0 
Cooling COP, no•inal 2.2 2.2 2.2 2.2 2.5 2.2 3.4 2.6 4.5 4.0 4.1l 4.il Ul 
Cooling COP, overal 11 1.7 1.7 1.7 1.7 1.9 1.7 2.6 1.9 3.9 3.5 3.5 3.6 3.5 
Ventilation (cf• /sqft)2 ll . 911 11 . 42 ll.42 1. 27 ? 8.20 1.02 1. 82 1.26 ll.46 ll.-46 8.46 8.46 
Outside Air Fractioh 8.20 ll.38 11.38 8.1 ? 8.68 8.18 1!.111 8.15 8.311 11 .311 11.39 9.39 
Econo111l zer No Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 
Infiltration, (ACII)3 8.37 8.11 11 .11 11.11 11.05 8.05 11.85 8.85 1!.15 8.28 11.28 8.28 0.28 
Heating Setpoints 72/62 70/65 78/55 78/55 78/55 78/65 71l/55 78/65 72/62 78/55 78/55 78/55 78/55 
Cooling Setpoints 72/off 75/off 75/off 75/off 75/off 75/off 76/off 75/off H/off 76/off 76/off 75/off 75/off 

Fan Power (W/sqft) 8.58 8.33 8.33 8.73 ? 11.24 1.28 8.39 1.28 8.55 8.55 8.55 8.55 
Int.Lighting (W/sqft) 2.28 2.79 2. 79 2.79 2.45 2.45 2.45 2.45 2.38 2.21 2.21 2.21 2.21 
Equ ip~ent (W/sqfl) 2.08 8.75 8.75 8.75 1!.75 8.76 8.75 11.75 1. 94 8.75 8.75 8.75 8.75 
Ext.Lighting (W/sqft) 8.31 8.1!8 8.08 8.80 8.88 0.09 lUll 8.89 11.85 8.89 9.89 9.08 8.08 
Vort.Trans . (W/sqft) 0. 68 8.89 8.88 . 8.08 1.03 1.83 1.83 1.03 8.32 8.59 8.59 1! . 59 8.59 

Occupancy (hr/woek) 64 54 64 54 54 54 54 54 54 54 54 54 54 

1 Ratio of overal I to no~inal COP fro~ UIC prototypes used to esti1ate ASHRAE prototypes. 

2 Venti I at ion of ASIIRAE prototypes converted fro1 15 cf• /occupant at peak occupancy. 

3 ASIIRAE prototypes have infiltration only during unoccupied hours . 
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TABLE A.2 

NEW OFFICE BUILDING PROTOTYPE CHARACTERISTICS 

NEW SMALL OFFICE PROTOTYPES NEW liEDilAI OFFICE PROTOTYPES NEW LARGE OFFICE PROTOTYPES 
----------------------------------- ----------------------------------- -------------------------------------------

Du i I d i ng Type Sraa II Sui I Sma II S11a II llediu11 IAediu• IAediu• 1Aediu1 Large Large Large Large Large· 
Office Office Off ice Office Office Office Off ice Office ·Office Off ice Off ice Office Off ice 

Developer UIC ASH RAE ASH RAE ASH RAE ASH RAE ASH RAE ASH RAE ASH RAE UIC ASH RAE ASH RAE ASH RAE ASH RAE 

Prototype Base I i ne (Case 1 (Case 2 (Case 3 (Case 1 (Case 2 (Case 3 (Case 4 Base I i ne (Case 1 (Case 2 (Case 3 (Case 4 
1976) 1976) 1976) 1975) 1975) 1975) 1975) 1975) 1975) 1975) 1975) 

Floor Area (sqft) 4,8811 2,2511 2,2511 2,2511 48,664 48,664 48,664 48,664 4118,111111 797,124 797,124 797,124 797,124 

fiVAC Syste• Packaged Packaged Packaged Packaged Hydronic Central Central Air Source Central Central Central Central Cen tra I 
1 Zone VAV VAV Multi-Zone Heat Purap DD-VAV CV-Reheat Heat Pu• p CV-Reheat. 2 VAVs VAV-Ht.Rc 1 VAV VAV-PIU 

Gas SEER 11.76 11.75 11.75 ll.75 11.75 11.75 11.75 ll.75 ll.75 8.75 8.75 
Heat COP l.ll l.ll 1.11 1.11 3.8 1.11 1.11 2.7 1.11 1.11 l.ll l.ll 1. 8 
Cooling COP, no•inal 2.2 2.4 2.4 2.4 2.6 2.3 3.4 2.3 4.5 4.1l 4.11 Ul 4.8 
Cooling COP, overal 11 1.7 1.9 1.9 1.9 2.11 1.8 2.6 1.8 3.9 3.5 3.5 3.5 3.6 
Ventilation (cf•/sqft 8.82 11.-42 11.42 1. 27 ? 11.28 1.112 1.112 1.112 11.46 ll.-46 ll.-46 ll.-46 
Outside Air Fraction 11 . 211 11.311 8.311 11.1 ? 11.511 8.18 lUll IJ.15 8.38 11.311 11.31! 1!.311 
Econo111izer No Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes 
Infiltration, (ACH)3 1!.37 11.11 11.11 11.11 1! .116 11.115 8.116 ll.ll5 1!.16 11.28 . 1!.26 8.26 1!.26 
Heating Setpoints 72/62 71!/66 71!/65 711/65 711/66 711/65 711/65 711/56 72/62 711/56 71!/56 71!/55 71!/56 
Cooling Setpoints 72/off 76/off 76/off 75/off 75/off 75/off 75/off 76/off 1-4/off 76/off 75/off 75/off 75/off 

Fan Power (W/sqft) lUll 11.33 1!.33 1!.73 ? 11.24 1.21! 1!.39 1.23 1!.65 1! . 55 1!.65 ll. 55 
Int.Lighting (W/sqft) 2.211 2.72 2.72 2.72 2.46 2.46 2.46 2.46 2.19 2.17 2.17 2.17 2.17 
Equipment (W/sqft) 2.1111 11.76 1!.75 1!.76 11.76 11.75 1!.76 1!.76 1. 94 1!.75 11.76 11.75 1!.76 
Ext.Lighting (W/sqft) 11.31 11.1111 II.IHl 11.1!11 ll.llll 8.1111 1!.118 8.118 1!.85 11.118 ll.ll8 8.118 ll.llll 
Vert.Trans. (W/sqft) 8.61! 11.1111 11.118 8.1111 l.ll3 l.ll3 1.113 1.1!3 8.32 8.59 8.59 11.59 11 . 69 

Occupancy (hr/week) 64 54 54 54 64 54 54 54 54 54 54 54 54 

1 Ratio of overall to norainal COP frora UIC prototypes used to esti1ate ASHRAE prototypes. 

2 Ventilation of ASIIRAE prototypes converted fro1 16 cfa/occupant at peak occupancy . 

3 ASIIRAE prototypes have infiltration only during unoccupied hours. 



TABLE A.3 

EXISTING OFFICE BUILDING EUis (kWhfsqft-yr) 

FORECAST DATA BASES EXISTING SMALL OFFICE PROTOTYPES EXISTING UEDIUM OFFICE PROTOTYPES EXISTING LARGE OFFICE PROTOTYPES 
-------- ------------------------ -------------------------------- -------------------------------- ---------------------------------------

Building Type Pub Util ComBase Co~Base Level 2 s~a II Sma II S11a II Sui I Uediu• Uediu• Uedi u• Uediu• Large Large Large Large Large 
Off ices Offices Offices Offices Office Office Office Office Office Office Office Office Office Office Off ice Office Off ice 

Developer NPPC/For B.. CAP B.. CAP CAPAudit lJic ASHRAE ASHRAE ASHRAE ASHRAE ASHRAE ASHRAE ASHRAE UIC ASHRAE ASHRAE ASHRAE ASH RAE 

Prototype 1901'l All Uoan Uoan Uean Baseline (Case 1 (Case 2 (Case 3 (Case 1 (Case 2 (Case 3 (Case 4 Baseline (Case 1 (Case 2 (Case 3 (Case 4 
Electric All Pre-81! Existing 1975) 1975) 1976) 1976) 1975) 1975) 1975) 1975)' 1975) 1975) 1975) 

Floor Area (sqft) (NA} H!,633 9,151! <NA} 4,881! 2,251! 2,251! 2,261! 48,664 48,664 48,664 48,664 .1!8,000 797,124 797,124 797,12. 797,124 

Space lleat 3.68 6.19 7.19 8.21! 11! . 33 H.86 18.78 9.85 1.21 7.1lll 1!.83 l.H H.16 3.18 1. 82 3.87 4 . 11! 
Space Cool 3.66 1. 91! 2. 13 2.30 1. 98 3.12 3.12 1. 78 6.77 2.26 6 .• 7 1.77 1. 71! 1. 92 2.1!6 1.89 1. 83 
IIVAC Aux i I i ary 3.96 3. 66 2.69 1. 21! 1.86 2.1!7 3.32 1! .97 3.1lll 6.64 1. 67 6.34 2.63 2.12 1. 94 2.16 
llot Wal;or 1!.26 l.llll l.~ll 1!.36 8. 64 1!.67 1!.64 1!.67 1! . 26 8.26 8.26 1!.28 8.21! 8.1!2 ll . ll2 IJ . Il2 ·e .e2 
Internal Lighting 6.73 7.76 9.37 6.81! 6.76 7.24 7.24 7.24 6.36 6.36 6.36 6.36 11!.11 6.98 6.98 6.98 6.98 
External Lighting ll.l'lll 1. 70 2.17 1. 26 ll . llll ll.llll ll.01l 8.1!0 8.1!0 8.1lll ll.llll 1!.39 8.1lll 8.1lll IJ.Illl IJ.I!Il 
Vertical Transport lUll! 11.1!5 ll.ll6 11.311 0.1!0 lUll! ll . 01l 1.39 1.39 1.39 1.39 0.91! 0.88 8.81! 1!.88 1!.811 
t.iisc. Equip•ent 2.88 2.73 2.61 2.28 1. 96 1. 95 1. 96 1. 96 1. 96 1. 96 1. 95 2.22 1. 94 1. 94 1. 94 1. 94 

Total 22 .g9 23.96 27.61 23.66 29.67 33.69 24.69 17.91 22 . 22 22.79 H.76 36.1!2 16.38 H.73 16 .43 16 .82 



TABLE A.4 

i NEW OFFICE BUILDING EUis (kWh/sqft-yr) 

FOI!ECAST DATA BASES NEW SMALL OFFICE PROTOTYPES NEW t.IEDIUIA OFFICES NEW LARGE OFFICES 
-------- --------------- -------------------------------- ------------------------------- ---------------------------------------

IJui I ding Typo Pub Uti I C01aBase ComBase Sma II Sn ll Snll Snll Mediu1 lolediu1 lolediu1 t.lediu• Large Large Large Large Large 
Off ices Offices Offices Office Off icc Office Office Office Office Office Office Office Office Office Office Office 

Developer NPI'C/For a CAl' a CAP UIC ASHRAE ASHRAE ASHRAE ASilRAE ASHRAE ASHRAE ASHRAE UIC ASHRAE ASHRAE ASHRAE ASHRAE 

Prototype 1900 A II loloan lolean Baseline (Case 1 (Case 2 (Case 3 (Case 1 (Case 2 (Case 3 (Case 4 Baseline (Case 1 (Case 2 (Case 3 (Case 4 
Electric All Post-79 1976) 1976) 1975) 1975) 1975) 1976) 1975) 1976) 1976) 1976) 1976) 

Floor Area (sqft) (NA> 10,633 11 I 916 4,880 2,258 2,260 2,250 48,884 48,684 48,864 48,864 408,000 797,124 797,124 797,124 797,124 

Space llcat 3.68 6.19 3.18 8.64 1-4.98 18 .90 9.93 1.21 7.111 11.83 1.411 6.29 3.22 1. 98 3.91 4.17 
Space Cool 3.68 1. 911 1.68 1. 79 2.87 2.87 1.66 4.66 2.il6 6.32 1.66 1.311 1.86 1. 97 1.82 1. 76 
IIVAC Aux iIi ary 3.96 3.66 4.43 2.01 1.85 2.1!7 3.32 0.98 3.il1 6.64 1. 68 2.96 2.48 2.48 1. 911 2. 12 
llot Water il.26 1.00 11.60 0.62 11.67 1!.64 1! . 67 0.26 0.26 8.26 0.28 1!.20 0.02 0.1!2 1! .02 0.112 
Iotcrnal Lighting 8.73 7.76 6.13 6.46 7.07 7.07 7.87 6.39 6.39 6.39 6.39 8.52 6. 72 6.72 6.72 6.72 
External Lighting 1! . 1!0 1. 78 1.39 1.36 8.08 0.88 0.00 0.08 1!.80 8.00 1!.08 8.38 8.1!8 0.1!1! 8.1!0 ll.llll 
Vertical Transport 1!.01! 1!.1!6 0.06 0. 29 ll.ll8 8.00 0.1!1! 1.39 1.39 1.39 1.39 0.61! 0.89 IJ.81l II.Bil ll.81l 
t.lisc. Equipment 2.86 2.73 2.96 2.63 1. 96 1. 96 1. 96 1. 96 1. 96 1. 96 1. 96 2.41J 1. 94 1. 94 1. 94 1. 94 

Total 22.1l9 23.1l6 20 .42 22.61! 29.26 33.49 24.41l 16.72 22.86 22.68 14.63 22.65 16.03 14.84 16.11 16.63 



TABLE A.S 

EXISTING RETAIL PROTOTYPE BUILDING CHARACTERISTICS 

EXISTIHG S~ RETAIL EXISTING LARGE RETAIL PROTOTYPES 
------------------------- --------------------------------------------

Bui !ding Type Snll Snll Sui I Large .La rge Large Large Large 
Reta i Is Rehi Is Ret.a i Is Ret.ai Is Ret.a i Is Ret.a i Is Ret.a i Is Reta i Is 

Developer UIC ASH RAE ASH RAE UIC ASH RAE ASH RAE ASH RAE ASH RAE 

Prototype Base I i ne (Case 1 (Case 2 Baseline (Case 1 (Case 2 (Case 3 (Case ~ 
1975) 1975) 1975) 1975) 1975) 1975) 

Floor Area (sqft) 13,125 11,789 11,789 12B,666 · 159,31~ 159,3U 159,31~ 159,31~ 

HVAC Syste11 Packaged Packaged Packaged 2-Pipe Centra I Packaged Packaged Centra-, -. · 
1 Zone 1 Zone VAV Fan Coi I CV-VT CV-VT VAV VAV 

Gas SEER 6.75 6.75 6.75 6.75 6.75 6.75 
Heat COP 1.6 1.6 1.6 1.6 Ul l.B 1.9 Ul 
Cooling COP, no1inal 2.2 2.2 2.2 3.1 4.B 2.2 2.2 Ul 
Cooling COP, overal 11 1.8 1.8 1.8 2.6 3.~ 1.8 1.8 3.~ 
Venti I at ion (cf•/sqft)2 1.6 3.85 1.22 1.11 6.83 8.83 6.83 6.83 
Outside Air Fraction 6.685 l!.lll 6.36 ll .U ll.3ll ll.3B 6.39 6.39 
Econo11izer Yes Yes Yes Yes Yes Yes Yes Yes 
Infiltration, (ACH)3 1!.15 B.ll 6.11 1!.125 s.0~~ 1!.6~-4 e.6H ll.6H 
Heating Setpoints 76/86 76/56 76/66 76/88 76/66 7ll/66 76/55 76/65 
Cooling Setpoints 74/off 76/off 76/off 74/off 75/off 76/off 75/off 75/off 

Fan Power (l/sqft) 6.49 1.39 ll.95 6.59 ll.3ll 1!.24 ll . ~9 6.54 
Int.Lighting (l/sqft) 1. 93 1. 96 1.96 2.78 ~.27 -4.27 ~.27 4.27 
Equ i p11ent (l / sqft) 1.59 6.26 ll.25 1.11! 1! .26 1!:25 ll.25 ll.25 
Ext .Lighting (l/sqft) 1!.29 e.69 0.0e 1!.98 ll.91l ll.llll 6.66 0.0e 
Vert. Trans. (lfsqft) e.e0 ll.66 6.69 1!.43 6.31 6.31 9.31 6.31 

Occupancy (hrfweek) 61 95 95 n 95 96 95 95 

1 Ratio of overal I to no1inal COP fro• UIC prototypes used to esti1ate ASHRAE prototypes. 

2 Ventilation of ASHRAE prototypes converted fro• 15 cfa/occupant at peak occupancy. 

3 ASHRAE prototypes have infiltration only during unoccupied hours . 

.._ 
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TABLE A.6 

NEW RETAIL PROTOTYPE BUILDING CHARACTERISTICS 

NEJ S~ RETAIL PROTOTYPES NEJ LARGE RETAIL PROTOTYPES 
--------------------------- --------------------------------------------

Bui !ding Type Snll Sui I Snll Large Large Large Large Large 
Retai Is Reta i Is Reta i Is Ret a i Is Retai Is Ret a i Is Reta i Is Reta i Is 

Developer UIC ASH RAE ASH RAE UIC ASH RAE ASH RAE ASH RAE ASH RAE 

Prototype Baseline (Case 1 (Case 2 Base I i ne (Case 1 (Case 2 (Case 3 (Case -4 
1975) 1975) 1975) 1975) 1975) 1975) 

Floor Area (sqft) 13,125 11,753 11,7511 1211,11011 159,314 159,314 159,314 159,314 

HVAC Syste1 Packaged Packaged Packaged Packaged Centra I Packaged Packaged Central 
1 Zone 1 Zone VAV 1 Zone CV-VT CV-VT VAV VAV 

Gas SEER 8.75 8.75 11.75 8.75 8.75 11.75 
Heat COP 1.8 1.8 1.8 1.11 1.11 l.B 1.8 Ul 
Cooling COP, no•inal 2.2 2.-4 2.4 3.1 -4 .8 2.4 2. -4 -4.8 
Cooling COP, overal 11 1.8 2.8 2.8 2.6 3.-4 . 2.8 2.11 3.-4 
Venti I at ion (cf• /sqft)2 l.IJ 3.65 1. 22 9.9-4 9.63 9.63 8.63 9.63 
Outside Air Fraction 9.885 8.18 e.311 0.0g 9.3B B.3B 9.3B 9.36 
Econo• i zer Yes Yes Yes Yes Yes Yes Yes Yes 
Infiltration, (ACH)3 9.15 8.11 9.11 9.123 9.9-4-4 9.9-4-4 9.9-4-4 6.8-4-4 
Heating Setpoints 76/69 73/55 73/55 711/611 711/55 711/55 76/55 711/55 
Cooling Setpoints H/off 75/off 75/off 74/off 75/off 75/off 75/off 75/off 

Fan Power (lfsqft) 8.49 1.39 11.95 9.93 9.39 9.2-4 9.49 9.5-4 
Int. Lighting ('f / sqft) 2.19 1. 95 1. 95 2.52 -4.19 -4.19 -4.19 -4.19 
Equip~aent (lfsqft) 1.53 9.25 9.25 1.19 9.25 6.25 9.25 9.25 
Ext.Lighting (W/sqft) 9.23 0.00 0.ee 9.96 0.00 9 .. 93 0.e0 0.e0 
Vert. Trans. ('ffsqft) I!J.Il3 e.e0 e.e0 ll.43 1!.31 1!.31 ll.31 ll.31 

Occupancy (hr/week) 61 95 95 77 95 95 95 95 

1 Ratio of overal I to no1i nal COP fro• UIC prototypes used to esti1ate ASHRAE prototypes. 

2 Ventilation of ASHRAE prototypes converted fro1 15 cf•foccupant at peak occupancy. 

3 ASHRAE prototypes have infiltration only during unoccupied hours. 
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I TABLE A.7 

EXISTING RETAIL EUis (kWh/sqft-yr) 

FORECAST DATA BASE EXISTING SUALL RETAIL EXISTING LARGE RETAIL PROTOTYPES 
-------- ------------------------ ----------------------- ---------------------------------------

Bui !ding Type Pub Uti I Co~ Base Co1Base Level 2 S1n II Sui I Sui I Large Large Large Large Large 
Reta i Is Retails Retails Retails Retai Is Retails Retails Retails Retai Is Retai Is Retails Retai Is 

Developer NPPC/For ELCAP ELCAP CAPAudit UIC ASHRAE ASHRAE UIC ASHRAE ASHRAE ASHRAE ASHRAE 

Prototype 1980 All ~lean !olean !olean Baseline (Case 1 (Case 2 Baseline (Case 1 (Case 2 (Case 3 (Case 4 
Electric All Pre-80 Existing 1976) 1976) 1976) 1975) 1975) 1976) 

Floor Area (sqft) (NA> 10,633 26,666 <NA> 13,126 11,768 11,768 120,000 159,314 159,314 159,314 169,314 

Space Heat 3.23 2.89 2.7-4 6.40 4.78 9.39 4.83 2. 63 0.70 0.73 1!.76 1! .82 
Space Cool 1. 79 1!.73 0.86 2.20 0.85 2.46 2.47 1!.48 l.H 2.14 2. 74 2.13 
IIVAC Auxi I iary 2.85 1!.69 1!.64 l.llll 1. 96 1.81 3.25 2.65 2.1!5 1. 99 2.42 
llot Water 1!.21 1!.97 1!.52 1!.24 1!.42 1.62 1.59 1!.21 1.00 l.ll0 1.00 l.llll 
Internal Lighting 6.42 6.19 6.26 6.1!0 7.76 9.60 9.60 13.77 14 .62 14 .62 14.62 14.62 
External Lighting 0.01! 0.99 1!.69 0.87 1!.00 ll.llll 1'1.26 0.00 ll.llll ll . llll "·"" Vertical Transport 1!.00 0.1!1 ll.02 ll.llll 11.01! l!.llll 8.64 0.85 1! .85 1!.85 11.85 
Misc. Equip111ent 1. 76 1. 91 1.81! 1.14 11.86 8.86 1.24 1!.66 11.86 1!.86 ll.86 

Total 16.28 14.38 13.65 16.81 26.79 21.16 22.38 22.11 22 .24 22.82 22.71! 
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TABLE A.8 

NEW RETAIL BJis (kWh/sqft.-yr), 
! 

FOflECAST DATA BASES NEW SUALL RETAIL NEJ LARGE RETAIL PROTOTYPES 
-------- --------------- ----------------------- ---------------------------------------

Building Type Pub Uti I ComBase Co111Base Sui I Sui I Su II Large Large Large Large Large 
Reta i Is Reta i Is Reta i Is Retails Retai Is Retails Retai Is Retails Retai Is Retai Is Retails 

Deve Ioper NPPC/For a CAP a CAP UIC ASHRAE ASHRAE UIC ASHRAE ASHRAE ASHRAE ASHRAE 

Protolype 1981! All IAean IAean Baseline (Case 1 (Case 2 Baseline (Case 1 (Case 2 (Case 3 (Case~ 
Electric All Post-79 1976) 1976) 1976) 1975) 1976) 1976) 

Floor Area (sqft) <NA) 11!,633 2,867 13,126 11, 761! 11, 761! 12e,eee 159,31~ 159,31~ 169,314 159,314 

Space Heat 3.23 2.89 3.11 3.61! 9.61! ~.87 1!.39 8.73 1!.76 e.8e 1!.86 
Space Cool 1. 79 1! .73 1!.66 1!.74 2.23 2.22 1!.63 1.39 1. 91! 2.41 2.1!5 
I!VAC Aux iIi ary 2.85 1!.69 1.1!2 1.61! 1. 94 1. 78 6.1!6 2.69 2.1!8 1. 94 2.36 
Ito~ Water 1! . 21 1!.97 1!.42 1!.42 1. 62 1.69 1!.21 l.lll! l.llll 1.1!1! 1.89 
Inlernal Lighting 6.42 6.19 3.81! 8.~3 9.26 9.26 12.61 14.1!4 14 .1!4 14.1!4 14.1!4 
Ex lorna I Light; i ng l!.llll 1!.99 2.33 1!.76 lUI! 8.ee IL26 ll.lll! 8.1!8 1!.1!8 . 8.1!8 
Ve~t;jcal Transport ll.llll ll.lll "·"" ll.ll8 "·"" 8.1!8 8.64 1!.86 8.85 1! .85 1!.86 
lAisc. Equip1ent 1. 78 1.91 1.1!8 8.87 1!.86 1!.86 1!.61! 1!.86 8.86 8.86 8.86 

Total 16.28 14.38 12.31 16.31 26.48 28 . 68 21!.29 21 .44 21.48 21.89 22.81 


