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1. Introduction

.

Purpo'se of this Report

This report documents the objectrves, analytical approach and development of the National Energy Modelrng System. '
(NEMS) Commercial Sector Demand Module. The report catalogues and descnbes the model | assumptions, .

computanonal methodology, parameter estimation techmques, model source code, and forecast results generated
through the synthesrs and scenario development based on ‘these components : :
This document serves three pmposes First, itisa reference document providing a detailed description for model
* analysts, users, and the pubhc Second, this report meets the legal requirement of the Energy Information

. Administration (EIA) to provide adequate documentanon in support of its models (Public Law 93-275, section
57 b.1). Third, it facrhtatee continuity in model] development by providing documentation from which energy
analysts can undertake model enhaneements data updates and parameter refinements as futire pro_;ects '

Model Sumrhary

The NEMS Commercial Sector Demand Module is a simulation tool based upon economic and engineering o~
relationships that models commercial sector energy demands at the nine Census Division level of detail for eleven
distinct categories of commercial‘ ouildings Commercial equipment seléctions are performed for the major fuels of
electncrty, natural gas, and distillate fuel, for the major services of space heatmg, space cooling, water heating, ‘
ventilation, cooking, reﬁ'rgeratron, and lrghtmg The market segment level of detail is modeled usmg a constrained-
life-cycle cost minimization algorithm that considers commercial sector consumer behavior and time preference
premiums. The algonthm also models demand for the minor fuels of residual 011 liquefied petroleum gas, steam
coal, motor gasoline, and kerosene, the renewable fuel sources of wood and municipal solid-waste, and the minor
services of office equrpment (wrth a separate breakout of personal computers) and "other" in less detail thari the

_ major fuels and services. Numerous speclalwed considerations are incorporated, including the effects of changing
bmldmg shell efficiencies, the relatronshrp between nonutrlrty generatron of electricity and the relative prices of
fuels -and consumptron to provide district services.

© Asa component of the Natronal Energy Modeling System mtegrated forecasnng tool, the NEMS Commerctal
Module generates mid-term forecasts of commercial sector energy demand The model facilitates polrcy analysrs of

1
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energy markets technologrcal development, envn'onmental issues, and regulatory development as they impact

commercial sector energy demand..

Arch:val Medla

_ NEMS-98 (Part of the Natxonal Energy Modeling System amhxve package for the Annual Energy Outlaok 1998
DOE/EIA—0383(98)) S o .

Madel Contact

Erin Boedecker .

Office of Integrated Analysis and Forecasting - -

Energzy Demand and Integrated Analysis Division -

Energy Demand Analysis Branch = oo , - s
United States Department of Energy, James Fonectal Bmldmg ‘ ' '
"1000 Independence Avenue, SW -
Washington, D.C. 20585

" Teleptione - .' S
(202) 586-4791 ‘ : '

~

. Organtzation of this Report

‘Section 2 of this report dlscusses the purpose of the mode] detallmg its objectives, primary mput and output

quantities, and the relatlonshrp of the Commercial Module to the other modules of the NEMS system. Section 3 of
the report describes the rationale behind the model desrgn, ptovrdmg msrghts mto further assumptions unhzed inthe |
. model development process’ to this pomt. Section 3 also reviews. alternauve commerclal sector modehng
- methodologies drawn from exlsnng hterature, provrdmg a comparison to the chosen -4pproach. Secnon 4 details the .
‘model structure, usmg graphlcs and text to 1llustrate model flows and key computations. '

The Appendtces to this report provide supportmg documentanon for the input data and pammeter files cun'ently

' resrdmg on the EJA computmg platform. Appendrx A hsts and defines the-input data used to generate parameter

. esumates ‘and endogenous forecasts along w1th the parameter estimates and the outputs of most relevance to the

. NEMS system and the model evaluation process. A table referencing the equation(s) in wh1ch each variable appears
is also provided in Appendrx A. Appendix B contains a mathem_ancal description of the computanonal algorithms, ,
including the complete set of model equations and variable transformations. ‘Appendix Cis a bibliography of

. n . Energy Information Administration
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re'ference mhaterials used in the development process. Appendix D prdvid% the miodel abstract. Appendix E
dlSCllSS% data quahty and estimation methods, and Appendix F consists of results ﬂlusuaung the sensmv:ty of the
model ontputs to variations in the inputs ‘ ’

R
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2. Model Purpose )

Model Objectives

The NEMS Commerelal Sector Module serves three objectives. First, it develops m1d-term forecasts of commercrall

sector energy demand, currently spannmg a forecast horizon of thirty-one (31) years, from 1990 through 2020l asa

‘ component. of the NEMS integrated forecastmg system. The resulung forecast is meorporated into the Annual '
Energy Outloak, pubhshed annually by the Energy Informatlon Adrnmrstranon of the U.S. Department of Energy
Second, itisa policy. analysrs tool to assess the 1mpaets of changes in energy markets, building and equipment

' technologies, envn'onmental consrderatlons and regulatory 1mt1attves on commercral sector energy consumpnon

Third, as an mtegra.l component of the NEMS system, it provides inputs to the Electricity Market Module, Coal

Market Module, Natural Gas Transmission and Distribution Module, and Petroleum Market Module of NEMS

contributing to the ealcula_non of the overall energy supply and demand balance of the U.S. energy market.

The Commercial Sector Demand Module prq;ects commercral sector energy demands in four sequennal steps

. These steps produce forecasts of new and surviving commercral building ﬂoorspace, demands for energy-consummg
" services in those bmldmgs, technology chorces to meet the service demands, and consumpnon of electncrty,
gas, and distillate oil by the. eqmpment chosen.? These forecasts are based on energy pnces and macroeconomrc
vanables from the NEMS system, combmed wrth extemal data sources. ‘

Forecasted com'mercial sector fuel demands generated by the Commercial Sector Demand Module are used by the
NEMS system in the calculation of the supply and demand equilibrium state. In addition, the NEMS supply modules '
referenced prevrously use the commercial sector outputs in conjuncnon ‘with other pro;ected sectoral demands to .‘
determine the pattems of consumpnon and the resulnng amounts and pnces of energy dehvered to the commerctal

-

1’I‘he base year for the Commercial Module is currently 1992, correspondrng to the last available energy consumpuon
survey of commercial buildings. Dynamic forecasts dependent on feedback from the rest of NEMS are made for the
yéars 1993 through 2020, whereas results reported for 1990 through 1992 are hrstoncal ' :

7The End Use Consumpnon Module accounts for commercral sector consumption of ﬁve minor fuels. These fuels
- do not account for enough commercral sector consuniption to justify modeling at.the same level of detail as the three -
-major fuels (distillate fuel 6il, natural gas, and electricity). The five minor fuels are resrdual fuel oil quueﬁed petrolenm
gas (LPG), coal, motor gaso]me and kerosene '
: i

o -0 -°* Energy Information Administration
4 was Commercral Demand Module Documentatlon Report



Oof equa; importance, ‘the NEMS Commerc1a1 Sector Model is relevant to the analysls of current and proposed
legislation, pnvate sector initiatives and technologxcal developments The flexible model deslgn provides a policy
analysis tool able to accommodate a wide range ‘of scenario developments. Both the input file structure and the
model sotirce code have been specially developed to facilitate "what if” analyses of energy markets, technology
characterizations, market initiatives, environmental concerns, and regulatory policies such as demand-s1de ‘
management (DSM) programs. Examples of specific policy analyses that can be addressed using this model include

assessing the potential impacts of:. o

New end-use technologles (for example, compact ﬂuorescent hght bulbs or grmmd source heat pumps)
New energy supply technologies (for example, solar thermal heating or fuel cells) -
’ Federal state and local government policies, mcludmg s
- changes in fuel prices due to tax policies
- changes in bmldmg shell or equipment energy efficiency standards _
- financial incentives for energy efﬁclency or renewable energy investments
- information programs
_ - environmental standards ’ .
° Utility demand-side management programs

Model Input and Output
Inputs o L, o ,
The primary mputs to the Commerclal Sector Demand Module include fuel prices, commercial bmldmg floorspace
growth, interest rates, and technology characteristics. The technology characteristics used by the model include
years of availability for purchase, market shares of eqmpment existing in 1992, mstalled capltal costs per unit of
service demand, operating and mamtenance costs per unit of service demand, eqmpment efﬁclencles,
removal/disposal cost factors, building restrictions, service provided, fuel used, expected equipment lifetimes, and
cost trend parameters. Additional detail on model inputs is prov1ded in Appendlx A. The major mputs by model -
component are summanzed as follows: -
Inpum to Floorspace Component ' ~
Existing distribution of commercial bulldmg ﬂoorspace stock for 1992
' Median construction year of exxstmg commercial buildings by type, wntage, and location
. Building survival parameters - | '

Energy Informanon Adtmmstranon
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Commercial bﬁiiding floorspace growth

Inputs to Servzce Demand Component

" Energy Use Intensities (BUD) for 1992.

Commerc1al technology charactenzauons _
market shares of eqmpment exrstmg in 1992
eqmpment efﬁclencles '

- building restnctlons
service provided
- fuei used

‘Building shell efﬁciency indices for new floorspace

Building shell efficiency improvement over the forecast for existing and new ﬂoorspace

Market peneu'auon forecasts for office equipment and "other end-use category

Steam EUIs to prov1de District Services in 1992

" Efficiencies of boilers providing District Services in 1092
Fuel shares of District Service steam production in 1992
A Renewable fuel consumptlon forecast .

Short-run price elasthmes of service demand

Historical and average heating and cooling degree days .

- Differences in serviced ﬂoorépace proportions between existing and new ﬂoorspace ‘

Inputs to Technology Choice Component
Consumer behavior rules - . LT
Consumer time preference premium segments R
Minor service efficiency improvement pro;ccuons .
' _~Bu11dmg end-use service capacity utlhzatlon factors
DSM program options
Commercial Technology charécteﬁzaﬁonc
" years of availability for purchase
. market shares of equipment exrstmg in 1992
" installed capltal costs per unit of service demand
operating and maintenance costs per.unit of service demand
) c(iuipment efficiencies o )
- removal/disposal cost factors . -
T buildi:ig‘restrictionc —

) . Energy Informauon Admmrstratron
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service provided
fuelused
- expected equipment lifetimes
cost trend parameters
Expected fuel prices

Inputs to End-Use Fuel Consumpnon Companent o 4
Short Term Energy Outlook (S'I'EO) consumpuon forecast
State Energy Data System (SEDS) consumpuon mformauon
Components of SEDS data attributable 10 other sectors
Historical cogeneration of electricity data
: Cogeneraﬁon of electriity parameters . . :
Minor fuel regression parameters- - ' ' .

—-

Outputs

The primary output of the Commercial Sector Demand Module isa forecast of commercial sector energy
consumpuon by fuel type, end-use, building type Census D1v1sron, and year. The module also provrdes forecasts of
- the following for each of the forecast years:

construction of new commercial ﬂoorspace b)i building type and Census Dlvision

surviving commercial floorspace by bnilding type, year of construction, and Census Division
equipment market shares by technology, end-use, fuel, building type, and Census Division
cogeneration of electricity, and quantities of fuel consimed for cogeneration

,

consumption of fuels to provide District Services -
nonbuilding consumption of fuels in the commercial sector -

" Average efficiency of equipment mix by end-use and fuel type
Variable Classification :

The NEMS demand modules are requn'ed to exchange information with the supgly modules at the nine Census

Division level of detail spatially, ; and average annual level temporally. Informanon exchanged between the

Commercial Demand Module and the Electricity ‘Market Module is also required at the end-use service level of .

detail. The input data avallable from the Commercial Bmldmgs Energy Consumption Survey (CBECS) performed

by EIA (which forms-the basis for the Commercial Sector Demand Module) and other sources are designed to be

: Energy Information Administration
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stausucally slgmﬁcant at various levels some of which are above the nine Census Division level Commerclal
Sector Demand Module variables are resolved at a relauvely fine level of detail in order to capture heterogeneous
effects that manifest themselves at a high level of aggregauon, yet wluch ongmate from variations at a disaggregate
level. The primary dimensions across which key variables vary are set forth in Table 1, below, together w1th the
notation generally used to represent the dxmensmns in this report: ) )

Table 1. Dimensions Spanned by COmmerclal Module Variables ‘

BUILDING | _ _ -
TYPE . END-USE SERVICE
b , s i
Category
Assembly Space Heating- - Msjor-
. Education " SpaccCooling | ' Natural Gas
Food Sales . | WaterHeating _ Distillate 0l
FoodService | Veniilation " .| Resiwwiton | - Minor .
" Health Care. Cooking | . . Liquid -
Gas (LPG)
Lodging Lghtog = | - " Steam Coal
Office - Large Refiigeration | Motor
(25000052 ' : - Gasoline -
Officc-Small | Office Equipment- | Minor - Kerosene
(<50,000 ft9) _PCS M
Mercanile & | Office Equigmeat - N Wood Rencwables
Warchouse - Other . . Municipal
. - - Solid Waste

. Energy Tnformation Adnnmstratlon
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In addition to the dimensions shown in T’ame 1, over which most Commercial Module variables vary, there are

several other domains of variation consrdered by certain classes of variables. Of course, time is a dimensjon spanned
by most Commercral Module vanables, and is generally ‘represented by the subscript y, which is mdexed sothata
-value of 1 correcponds to the year 1990 and a value of 31 corrésponds to 2020

4 -

Consumer time preference premmm segments are represented by the subscnpt P and represent the percent increment
to the risk-free interest rate in the current year, used to segment commercial consumer behavior patterns. The model
cmrently uses a discrete distribution of srx (6) consumer time preference premmms to characterize the commercial
consumer declsronmakmg populauon These six discount premia, and the proporuon of consumers attributed to
‘each, vary both regronally and with end-use. Additional detail is provided in Chapter 4 of this report. ’

Equipment defined in the Commercial Sector Technology Characterization Database, KTECH is represented

" through the use of two subscripts, namely tand v. The existence of a particular pair of mdexed values of tand v

indicates that a representatwe plece of equrpment wrthm a technology class (t) is available in one or more models ™.
for competition in Technology Chorce Submodule. The current Technology Choice Submodule allows for a

" maximum of 11 vintages for each piece of representatrve equipment. An example of two different vmtages for the
same technology class would be: 1) an electnc resrstance water heater with' energy factor of 0.80, available in 1995

. and 2) an electric resistance water heater wrth an energy factor of 0.91, available in 2000 and beyond V'mtage 2)
represents an updated model in this example.

The Major Servrce end-uses listed in Table 1 are modeled in the Technology Choice Submodule described in

- _'Chapter 4 of this report. Minor end-uses are forecast using eqmpment efficiency and market penetration trends:

g

Forecasted energy demand for the Major fuels hsted above takes into account the price elasticity of service demand
and takeback effects as-described in Chapter 4 below. Minor fuel dernands do not incorporate priceeldsticity of
demand impacts, although they are correlated with fuel prices and amount of floorspace.

Relationship of the Commerciel Module to O__ther NEMS Modules . 3

The Commercial Module receives lnput data from the Macroeconomic Acﬁvity Module and the energy supply
modules. The commeicial floorspace forecast and ten-year Treasury bond interest rates generated by MAM are used
to calculate annual new additions to floorspace and annualized technology capital costs respectively. Energy prices
generated by the supply modules, specrﬁcally the end-use servrce electncrty prices from the Electricity Market
Module (EMM) the natiral gas prices from the Natural Gas Transmrssron and Distribution Module (NGTDM), and
the petroleum prices from the Petroleum Market Module,(PMM) are primary drivers for the technology cost

NEMS Commercial Demarid Module Documentation Report : 9



-

companson, the forecast of commerclal sector cogenerauon, and pnce foresight scenarios. The Commerclal Module

- provides energy consumpuon forecasts by Census Dmsmn and fuel to the supply modules hsted above, from wlnch

supplymourcwandcapamtyplansaredeveloped ) - , : o

This relaﬁonsliila-of the Commercial Module to othalj components of NEMS is depiqied sg:t_xematically'in Figure 1.
As shown, all exchanées of information betwean tha modules takes place through the NEMS Global Data Structure,
Not shown is the NEMS Integratiag Modulé, which directs the activation of the sectoral. modules, thus controlling
the sequence and iteration of modeled donsiderations atthe sector levei. For a more detailed d%cﬁpﬁon of the ’l
approach taken by the Integraung Module within the NEMS general ethbnum ‘solution to interactions between the
U.S. energy markets and the economy, the reader is referred to the Integratmg Module Documentauon Report3 and
the NEMS Overview*:

™ .

3Energy Information Admmlstrauon, NEMS Integratmg Module Documentaaon Report, DOFJEIA—M057 ‘
(Washmgton,DC,May 1997). : . '

4Ene.-.rgy Informauon Adm:mstrauon, NEMS-An Ovemew, DOFJEIA—OSSI (Washmgton, DC, March 1996)

.- ) ’ . Energy Information Administration ,
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3. Model Rationale
Theoretical Approach =~ - °

The Commercial Module utilizes a simulation approach to project energy demands in commercial buildings. A.

- - simulation approach represents the characteristics of one system through the use.of another system. The specrﬁc :

' ;approach of the ‘Commercial Module involves exphclt economrc and engmeermg-based analysrs of the burldmg
energy end uses of space heanng, space coohng, water heatmg, ventilation, cooking, lighting, office equipment, .
_ refrigeration, and "other” energy—consummg equlpment. These end-uses are modeled for eleven distinct categonesl
of commercial buildings at the Census Division level of detail.

As déscribed previously in this report, the model is a sequentially structured system of algorithms, with succeeding
computatlons utrhzmg the outputs of prevrously—executed routmes as inputs. For example, the building square
footage pro;ectlons developed in the Floorspace routine are used to calculate demands of specific end-uses in the
Service Demand routine. Calculated service demands provide input to the Technology Choice subroutme, and’
subsequently contribute to the development of end-use consumpnon

In the default mode, the Commercial Module assumes myopic foresight wrth respect -to energy.prices, using only
currently-known energy prices in the annualized cost calculations of the technology selection algorithm. The model

is capable of accommodatmg the’ altemate scenarios of ada.puve foresrght and perfect fores1ght within the NEMS.
system.

Akey assumpnon that is mtegrated into the technology charactenzanon data base that forms the basis of the
technology selecnon process is that the eqmpment efﬁcxency standards described in the Energy Pohcy Act of 1992

oo (EPACT) become operative market choices in the year 1994. Thisis modeled in the data base by the elimination of

noncomphant equrpment choices and introduction of compliant equipment chorces by the year 1993 “Through this
data base, the Commercral Nlodule,rs able to model equipment efficiency legrslanon as it continues to evolve.

- There are several documented models of commerclal sector energy ‘demand. Some of these predecessor models
employ simulation techniques, while others employ hybrids of econometnc, engmeenng, and simulation approaches
Selected commercral sector modeling mnanves, mcludmg predecessor EIA. models, dxseussed and compared to
the selected approach further in this section. ' '

. : Fmergy Information Administration :
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4

Fundamental Assumptions
Eloorspace Submodul_e '

' The exlstmg stock, geograplnc and building usage distribution, and vmtagmg -of floorspace at the beginning of the
, dynamlc portion of the model run is assumed to be the ﬂoorspace stock pubhshed asa result of the 1992

Commercial Bmldmgs Energy Consumpuon Survey (CBECSY).

New additions to the ﬂoorspace stock through the forecast penod are assumed to conform to building standards as
described in End-Use Energy Consumptwn Estzmates for Us. Commercxal Buzldmgs, 1989, Paclﬁc Northwest
Laboratory, PNL-8946; November 1993. ‘

Service Demand Submodule

"'l'he' average equipment efﬁciency of the existing stock of equipment is ass‘um-ed,'in each service tolptoduce the -
CBECS 1992 énergy consumption when the Energy Use Intensiﬁes (EUIs) .derlved from the CBECS 1992 data are
applied. i &

The model currently assumes a simplification of the equipment reiirement funcﬁon that sets the proportion of
equipment of a specific technology class.and model that Tetires annually equal to the recxprocal of that equipment's
expected hfehme expressed in years.

Semce Demand Intensity (SDI) is assumed constant over the forecast period (for a glven service, building type and
’ vmtage, and Census Division), and EUIs and average equipment efficiencies, wiuch are the primary components of
the SDI calculation, which change over the forecast, are assumed to change insucha manner asto preserve the SDIL.

The market for the largest major services is assumed to be saturated. No increase in market penetranon for the
servxces of space condmonmg, water heating, ventilation, refngerauon, and hghtmg is modeled.

sEnergy Informauon Administration, Commermal Bulldmgs Charactenstlcs 1992, DOFJEIA—O246(92), GPO Stock
No. 061-003-00850-0 (Washmgton, DC, April 1994). - . .

‘Energy Information Admmlstratton ) : )
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!

. Technology Chaie_e Submodule e

'Ihe technology selection approach employs exphclt assumpnons regardmg commerclal consumer ch01ce behavror
Consumers are assumed to follow one of three behavioral rules: Least Cost, Same Fuel, or Same Technology The

. proporuons of consumers that follow each behavioral rule are developed based upon quanntatwe assessment and

speclﬁc assumpuons that are referenced in Table A2, Appendtx A to this report.

The 'technology selection is perfomd using a discrete distribution of consumer time preference premiums. These

premiums are developed based on analysis of survey results and additional literature, employing specific

assumptlons to consumer behavior in order to quanufy these concepts for inclusion in the model Documentation of

these assumptlons is referenced in Table A-2 of Appendlx Ato this report. * )

Myoplc fores:ght is assumed in the default mode of the model operauon In other words, current energy prices are
used to develop the annuahzed fuel costs of technology selections in the defauit mode.
. Energy efficiency and continuing market penetr'aﬁon for minor services (office equipment and "other" services) is '
“forecast to mcrease over the forecast penod based on pubhshed sources that are further referenced in Table A-2,
-Appendlx Ato th1s report. Minor services are assumed to consume only electnclty, and fuel swm:hmg isnot °
addressed. ’

1

| Alternatlve Approaches

Building-level s1mulat10n is one approach that is appllcable to the analy51s of commercral sector energy demands.
Additional approaches exist and have been adopted by previous modelers for such institutions as EIA, Electric,
Power Research Institute (EPRI), Oak thge National Laboratory (ORNL), and the California regulatory
establishment. Selected altemahve approaches are discussed below. Versions of all models discussed are those ;
which existed in-1993; the companson has not been updated to reflect changes made since that time in either the
NEMS Commercral Sector Demand Module or the alternative approaches.

Building Energy 'Ehd-Use Model ‘(BEEM): EIA.
- The BEEM model is declgned to forecast annual commerclal building energy consumpnon  for the four Census

Regions through 2010. The BEEM methodology and the NEMS Commerclal Model methodology are connasted in
Table 2. SR . ‘ : -

‘ : * -Energy Information Admmlstranon ' .o
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BEEM divides the commercial sector .into’seven building types according to primary bmldmgactmty The
categories are office, food sales/service, warehouse, retail, education; mnﬁnuous uses, and miscellaneous. Six
energy-consummg services are modeled: space heating, space coolmg, water heating, cooking, lighting, and other
services. The fuels consumed to meet the service demand are electricity, natural gas, distillate fuel, and various
minor fuels. The model's base year is 1986, determmed from the 1986 EIA Nonresidential Building Energy
Consnmpnon Survey (NBECS-86), wluch provides much of the initial ,data for energy consumption and building

i -

Building energy consumpuon changes over time in response to commerclal ﬂoorspace growth and i 1mprovements in
- shell mtegnty and equipment efficiency. The range of forecasted energy consumpnon depends on the variation.of
floorspace growth and on consumer choxcec among energy-using eqmpment. 'I'he BEEM commercial model i is
composed of five modules: ﬂoorspacc, service demand, service capaclty, technology choxce, and a calibration
module.

Floorspace. BEEM measures building stock by square footage‘of ﬂoorspace, for the seven building types and four,
Census Regions. ‘Floorspace growth is composed of the combined effect of floorspace construction and attrition of
existing stock. Base yéar floorspace is based on NBECS-86. This floorspace declines annually at constant attrition
rates by region, while new floorspace is added each year. Total new constriction for the beriod 1980-86 (divided by '
* seven to obtain a yearly average;-or no growth in yearl} construction) is used as a proxy for the 1987 new i
consufuction pattern by building type. The 1987 estlmate is then exn'apolated annually by region, at the same rate of
grogvth as regional employment growth. - The module then computes total floorspace by addin_g existing and new
floorspace by region and building type. ‘ ) C '

Service Demand The service demand module tracks the energy required for each type of service (space heating,
space cooling, etc.) and building type. Energy consumed for each service (in energy consumption per square'foot) is

. multiplied by correSponding floorspace. Energy eﬁcicncy of building shells improve over time relative to 1986

- stock, reducing the demand for heating and cooling semces 'I'hus, a shell efficiency mdex is used as an adjustment
factor to capture the reduction in service demand Serv1ce demand is also adjusted to account for renewable energy
_consumption. Renewable energy contnbutlons are exogenously estimated for geothermal consumpnon, which .

reduces space cooling service demand, and solar and other renewables, which reduces heating service demand.

Energy Information Administration R
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Table 2. BEEM and N-E"Ms‘ Cominerciel Models: boncéptual Tasl(s

: . = S e NEMS Commercial Model
Conceptual Task - BEEM Methodology - Methodology
Forecast floorspace additions - | Increase additions (for every Forecast by building type and
o L o building type) proportionally with | Census Division, based on NEMS
.| change in national employment; MAM floorspace forecast
shares of building type constant -
throughout forecast penod :
Retire floorspace. Retire constant propornon for all Renre based on vmtage, using II
o bmldmg type regrons, and vmtag&s convolutional decay = .
i Measure and forecast service Measure service demand as.energy Measure service demand in Btu of -
_demand and demand penetration | consumption in base year(indexed - | delivered energy; include short-term
e - ‘ to consumption data) _ .| price sensitivity. Forecast -
. i penetration based on assumptions
and market data__
Retire service demand s Retire service demand by rennng " Retire service demand by retiring '
' eqmpment energy eonsumptlon | delivered energy, use data on age "’
. and efficiency distribution of
L equipment stock
Choose eqmpment to meet "~ | Use logit funclion based on cost - | Use 3 behavioral assumptions,.
service demand ) " . | minimization; assume initial resulting in constrained .
equipment shares, fixed discount optimization (cost minimization); - f- .
B rate, and inertia factor -use variation in consumer discount "
’ ‘ ‘ rate, pnce expectanons, and inertia
: factor -
- Calculate enéfgfy consumption Multiply service demand by Weight share of equipment chosen

| by inverse of average efficiency for
‘each fuel and apply to service

equipment share-werghted inverse
efficiency

demand

The relative magmtude of the servrce demand associated w1th the current stock of burldmgs declines gradually over
the forecast penod and the charactensncs of newer burldmgs become progressrvely more 1mportant in determmmg
consumption levels as the older and more energy intensive bmldmgs renre .
'Serv:rce demand is adjusted for equipment eﬁcrency, and expressed in terms of energy output requrrements The
service capacrty module determines how these requrrements are met (capacrty) and consequently how much energy
wrll be consuined. In the model retiring equipment reduces existing service capacity. Replacement capacrty refers
to equipment that must be purchased to replace retired equipment. E‘(entually! equipment reaches then end of its
useful lifefime and must be replaced. ‘ ' |

..
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Technology Choice. Each year, equrpment is chosen to meet new and replacernent service demand. Equipment
technology is chosen based on  life-cycle cost cntena. The life-cycle cost for a technology is simply the capital cost
'plus the present value of the operating and maintenance costs for the life of the eqmpment (discounted at 20 percent)
Ceterus panbus, the technology with the minimum life-cycle cost is chosen. The hfe-cycle cost is indexed to 1986.
A 1986 market share corresponds to each technology optlon. A logit choice deﬁnmon of the market share strategy
is based on initial technology shares,-and a pnce sensitivity (Y =-7). Since the hfe-cycle costs are indexed to 1in
1986, mmal market shares are  identical to the 1986 market shares. Therefore, the shares for each service addto 1.
Market shares change over time, based on the effects of fuel pnces on life-cycle cost relatwe to 1986. Since y is
negative, ahigher or lower fuel price mpectrvely decreases or increases the share a technology receives of the
'investment in new capaclty

-The impact on hfe—cycle technology choice on energy consumpnon is dampened byf alloyving the chosen
technologres to penetrate only 20% of the market for new and-replacement equipment. The remarmng 80% of .
new/replacement demand is met by equipment that has the same efﬁcrency as the equipment stock in the previous

year.

[y

Benchmarlnng Equrpment energy consumption is then passed through a series of calibration adjustments. The
difference between State Energy Data System (SEDS) fuel consumption and forecast consumption in 1988 is the
SEDS difference. In 1991, the model forecast plus the 1988 SEDS difference adjusted by a building growth rate
factor is compared to the 1991 Short-Term Energy Qutlook (STEO) value, yielding a S'I‘EO ad_]ustment factor. Final
consumpuon is computed in two steps. First, the SEDS adjustment is ‘added to the model results. Second, this total
is then ad_;usted by the STEO factor to produce the resulting forecast of commercial sector electricity, namral gas,

. and distillate fuel oil consumption. :

Minor fael eonsnmphon. Forecasts for residual 011 liquefied petroleum gas, coal motor gasolme, and kerosene,
are obtamed by extrapolatmg historical consumptton for each of these fuels.

Reasons for Differences between BEEM and NEMS Modelmg Approachos. The NEMS Commercial Module
floorspace forecast represents an enhancement over BEEM, as the new forecast varies by both building type and
Census Division over time. In addition, forecasted building type shares vary over time in the NEMS Cormmercial
Module. In addition, the NEMS model applies a logistic decay function to calculate retiring floorspace, wlnch is an
improvement over the proportional building retirement unhzed in BEEM.

The NEMS model calculates service demands and service-demand market penetrauon based upon assumptrons and.
market—specrﬁc data. Short-term price elasnclty of demand for major fuelsi is consrdered in thrs calculanon. This is

Energy Informanon Administration ' . .
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an enhancement to the srmphﬁed indexing of service demand to energy consumpnon that is used by BEEM Both’
models retire service demand usmg simplified assumptlons regarding eqmpment retirement. -

| TheNEMS Commereial M Module Technology Choice algorithm is signiﬁcantly more sophisticated than the cost-

; . munmmng log1t function approach contained in BEEM. The NEMS model applies a more comprehensive approach !
-t equipment selection, mcorporatmg nonmonetary considerations such as natural gas avallablhty and consumer

-

_prefcrences in the behavxoral mlestructme of the algonthm. In addition, the NEMS model uses variable time
" preference premmm drscount rates (compared to the ﬁxed discount rate in BEEM) and price expectations. The
"NEMS model i incorporates detaxled technology characterization mformanon (e.g., cost and performance attributes)
. ﬂ1at correspond to expllclt pieces of eqmpment, aclnevmg a ﬁne level of dxsaggreganon in the selecuon process.

The NEMS model computes energy consumpuon based upon the eqmpment-specrﬁc dxsaggregauon of technology
selcctlons, achlevmg a fine level of computational resolution. This methodology is.an enhancement to the level of
detail that is modeled in BEEM, which does riot dlsaggregate heterogeneous equipment that meets a given service.
Commercial End-Use Model (COMMEND): EPRI

EPRI developed the COMMEND model to forecast commercial sector energy demands by end-use.> Within each -
building type and end-use segment, COMMEND forecasts fuel clioice, equipment efficiency, and usage level

decisions. ThepnmaryequatlonusedmCOMMENDls o -

S_“’esfzv: vEfvvaFv R | -.j(l)'.

where: ‘ .
Sales =  Sales of fuel fin energy units
=  Utilization (usage) rate for fuel f, building vmtage v

U
 E = End-Use Intensity in base year for fuel f, buildirig vmtage v
/ S =  Share of building vintage v using the fuel
o F

= Floorspace of building vmtage v

The four components of this energy equation_ are projected using economic re1ationships and parametcrs.

- = — ) . ‘. . - - ‘ . - R )
‘Regional Economic Research, Commercial End-Use Data Development Handbook: COMMEND
Market Profiles and Parameters, Vol.1: COIVIMEND Profiles and Model Structure, EPRI EM-5703,
Aprll 1988, Ch. 4.
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COMMEND requires the following data:
© . |

a exogenous forecasts of macroeconomrc indicators such as interest rafes or employment, commercial sector.
drivers, fuel prices, ﬂoorspace inputs, weather, operatmg hours, etc.
(2)  market profiles - base year values for EUI, share, and floorspace. -
(3) ~ technology data eqmpment type (i.e., heat pump), capital cost, elasucmes, efficiency trends, interaction
. parameters, etc X :
' (4)  economic data - decision maker data, dlsconnt rate, therial shell parameters, demand sxde management
data, and building and equipment energy efficiency standards.

i

Fuel shares and end-use intensities reflect the outcome of choices among energy technologies. Once floorspace is ’
measured and eqmpment 1s in place, changes i inusage levels reflect daily decisions about the frequency and intensity 1
of equlpment use as determmed by the behavror of building managers and occupants. COMMEND uses & vanety of
approaches to model these decrsrons. ) :

. Floorspace. COMMEND develops vintage proﬁles for ﬂoorspace stock and new additions. This computation '
requires input data on ﬂoorspace in'a distant base year, annual additions to the current base year, and a set of

survival funcuons to link new construchon to changes in the stock.

COMMBND uses a logistic survival funcuon with a 45-year mean burldmg lifetimes to retire ﬂoorspace built since
1940,.anda geometnc or exponentral survrval function to retire older buildings. These survival funcnons are used to
construct time series of ﬂoors_pace additions. ‘The additions time series can also be created using a demographic

' approach, where a key variable such as employment or.. population is used to estimate additions. A mixed approach

. combining demographic and historical additions is used in the COMMEND model. This mixed approach involves 5 -
- steps: ’ '

(1) Estimate 1967 stock by workmg backward from 1985, using additions data and assummg an average
_ (loglstrc) survrval rate. :

(2) Estimate 1940 stock by workmg backward from 1967 usmg data generated bya propornonal demographrc
variable, such as square footage per employee .- ‘

(3 Compute average additions for each time interval (between 1940 and: 1967) corresponding to each of the
proportional variable's values, if the relationship to the proportional variable has changed over time..

. Energy Information Administration
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' @ Re-estimate average sumval rate to make stock and additions series consrstent thh addmons assumptions
and proporuonal variable assumptrons ‘ o '

Id

) Repeat the first four steps using the new survival_rate. o

When these steps are completed, the additions and stck series are consistent with 1985 stock data, availdble
additions data, the demographic variable, and the retirement functions.

Once the current'composiﬁoh of the building stock is established, it is necessary to forecast growth and changé in the
composition of the stock. The COMMEND model provrdes a general framework for forecasting floor stock growth.

" Users of COMMEND may use a ﬂow apptoach, forecastmg bmldmg addmons directly and arriving at total
floorspace by retmng existing stock. However, the COMAEND user's gmde advises that thls approach is drfﬁcult to
mplement, and the forecasts tend to be ﬂl-behaved ‘ -

As an alternative approach, stock can be forecasted drrectly Usmg thrs approach, stock and additions-are .
determmed bya srmultaneous equatlon model. Floorspace stock in the forecast year is a function of exogenous
vanables mcludmg stock in the previous year. Addmonal exogenous variables may include commercial output,
ﬂoorspace prlces, prices of other commercral mputs such as labor, equrpment, and energy Reglonal income,
population, and employment are often used asa proxy for commercial output. Addmons in the forecast year are a

function of the current stock less stock surviving from previous years.

T

v

EPRI récommends that users opt fora smgle varrable propomonal model. Employment is commonly used as the
.explanatory vanable This approach assumes that labor and floorspace are complemenmry mputs Both increase
proporuonally if the commercial sector has ﬁxed-coefﬁcrent, homogenous production funcuons, if relative input

. prices do not change over time, and if technologlcal change is neutral, This model does not capture mvestment ]
lagged response to the business cycle. ’ :

End-Use lntensity‘ (EUT) is expressed as energy consumpﬁon per square foot. It is based on conditional demard l
analysis ol’ EIA's NBECS-86 data. Since aggregate'consumpﬁon depends on average efficiency, EUIs will change as '
. eﬁcrency changes.- In COMMEND average eqmpment eﬁicrency changes as a result of technology choree :
_ mrcrosrmulanon modules (for heating, .ventilation and arr condmonmg (HVAC) equipment choices), or elasticity

A parameters (for water heatmg, cooking, refrigeration, lrghlmg, and other). Average usage can change based on
elasticity parameters (for all servrces), ‘and fuel shares can change based on microsimulation results and penetratlon

rate assumptrons

-
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COMMEND assumes that consumers use different decrsron niles for heatmg, venulatlon and air conditioning
(HVAC) equlpment as compared to other end-use eqmpment. The HVAC equipment is chosen sequenually First
an optimal system pomt is chosen for each technology on its technology curve (a plot of the relauonshrp between
energy efﬁcrency and capital intensity for the technology, where it is assumed that energy and capital are substitutes).
Thisisa funcnon of price expectatlons and the individual's discount rate. A user—deﬁned distribution of consumers
 discount rates is entered which ylelds a distribution of optimal systems for each technology The dxstnbuuon of
discount rates is used to prevent an unrealistic outcome: a smgle dominant technology choice. The discount rate 1s
" the only parameter for whlch COMMD assumes consumers devrate from cost-minimizing behavror

In the second step of the COMMEND decision process for: HVAC eqmpment. the least cost pomts for each
technology supply curve are compared between technologres The least cost technologies are compared for
consumers with the same discount rates. This generates a dlstnbuuon of technology selecuons correspondmg to the

' distribution of drseount rates. , ‘ ' '
The decision simulation for non—HVAC eqmpment is less detailed. Tt assumes an exrstmg stock of eqmpment wrth "
constant (average) end-use mtensrty New equipment with a lower (margmal) end-use intensity is gradually werghted ,
with the exrstmg stock as overall demarid increases. The efficiency of the new equipmént for these equipment types

is approximated by an elasticity response to fuel price changes

. EnergyInformauonAdmrmstratlon o
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Table 3.. CQMMEND and NEMS COhlmerciaI ﬁodels: Conceptual Tasks '

. Reasons for Dlﬁ'erenees between COMMEND and NEMS Modelmg Approaches. The availability of
commerclal ﬂoorspace forecasts by bmldmg type from the NEMS Macroeconomlc Activity Module eliminated the
need to model future floorspace trends in the Commercial Module.- The Commercial Module does adopt aflow

. methodology, though, using the MAM floorspace forecasts to develop annual new addiﬁdns to floorspace. Both

models retire commermal floorspace using a logistic decay functlon, backcastmg cun'ent floorspace stock to criginal

construction year stock. L o o S ) .

v
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. .COMMEND Methodology NEMS Commercial Model
. L X Methodology
Forecast floorspace additions . | Choiceof: -~ " | Forecast by building type and
o e - " | »Flow Approach o Census Division, based on NEMS
= Simultaneous Equation estimation | MAM floorspace forecast.
using lagged dependentand .
- . €X0genous Macroeconomic
BN variables
- .| = Proportional approach to one
variable, €.g., employment. N
Retire floorspace . . .| Retife based on vintage, using Retire based on vintage, using
- . llogisticdecay. - nvoluuonal decay. -
Measure and forecast service Forecasts dependenton Measute service demand in Bt of
demand and demand penetration | microsimulation (HVAC), or . - | delivered energy; include short-term
' .| elasticity estimates. Penetration price sensitivity. Forecast
assumptions based on market data. | penetration based on assumptions
: L .| and market data.
Retire service demand Retire service demand by retiring Retire service demand by retiring
. " | equipment energy consumption. + | -delivered energy, use data on age
) R ' | and efficiency distribution of
equipment stock.
Choose eqmpment to meet _Uses cost minimization. HVAC 'Use 3 behavioral assumptions,
service demand - modeled separately using a resulting in constrained
: . consumer discount rate distribution. .| optimization (cost minimization);
LT o . o - -~use variation in consumer discount
’ rate, price expectations, and inertia
factor.
Calculate energy coﬁsumpﬁop Multiply utilization rate by EUl and | Weight share of equipment chosen
) | share of building vintage'and ~ | by inverse of average efficiency for
floorspace vintage using fuel. Sum | each fuel and apply to service
over fuels. - demand.




Both models mcorporate short-term price sensmv1ty ifito the calculatlon of service demands COMMEND relies
upon microsimulation of major services, similar to the Tevel of detail modeled in NEMS ‘Both models also address
the issue of market penetration for energy ‘consuming services. COMMEND retires service demand by retiring

_ energy consumpuon, while NEMS retires dehvered energy, smce delivered energy needs are a central concept to the
technology selecnon process modeled in the NEMS model ’ .

The technology selection momm -of both models share certain feamrw, specxﬁcally, an eqmpment-specrﬁc ‘
methodology and a distribution of consumer discount rates. COMMEND uses a cost minimization algorithm, while

the NEMS model considers nonmonetary factors such as natural gas avaxlabrhty and consumer preferences for the
same or similar equipment currently installed (mertla) ' :

COMMEND develops energy consumption pr'ojections by aggregaﬁng the results of the technology selection process
"and applying building vintage shares and EUIS. 'I'lus methodology flows directly from the structure of the -
calculations performed prevrously by COMMEND, and would not be apphcable to the NEMS model, since building
vmtage shares are.not computed. The NEMS model] utilizes the market shares and average equipment efficiencies
developed in the Technology Choice algonthm to weight equipment shares and apply these to service demands to

arrive at consumption.
Oak Ridge National Labqratory,(ORNL)'Cammercial Demand Model

The ORNL model develops annual forecasts of commercial sector energy consumption throngh the year 2000.

These forecasts are based upon economic and engineering parameter estimates, including equipment utilization rates,
fuel chorces, and capital-to-energy substitution. Technological factors used in the model include equipment
efficiency and building thermal charactensncs (shell efﬁcxencres) The ORNL model has been validated using the ‘
period of 1970 to 1975, incorporating the enérgy price shock that occurred during th_at time. '

" The ORNL model considers energy demand for ten bmldmg types: ﬁnance and other office-related, retaﬂ-wholesale,
auto repair and garage, warehouse, educational, public administration, health care, rehglous, hotel-motel,

‘mlscellaneous commercral Services demanded in the commercral sector are dlsaggregated into five end use
categories: space heating, space coolmg, water heatmg, llghung, and other Refrigeration energy consumption is
modeled within the space cooling service. Four fuels are modeled: electnclty, natural gas, oil, and other, and
individual equipment types are not explicitly modeled. Most of the data in the ORNL model is developed from
Edison Electric Institute, American Gas Association, and Bureau of Mines sources (available source citations
provrded in Appendlx C to this report) T

.
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Short-run commercialsector energy demands are modeled as a function of the utilization rate'of equipment and the
equipment stock, where the utrhzanon is dependent on the pnce of fuel providing the service. The pnce of the
servrce in turn is a function of the equrpment and efﬁcrency charactensucs as'well as the fuel pnce. “This relationship
is modeled as, . ;

Gt UPxs, e

where, :. ) ’ oo - .

' Q.  isthetotal consumpuon by fuel and servrce,
U(P),_, is the utilization rate for each fuel and servrce which is dependent on price,
Sg, is the stock of equipment measured in terms of potential energy use.

e

The equipment stock is described as a function.of the potential energy use to service each square foot of floorspace -
times the share of the floorspace iry fuel and service. This is expressed as,
Sf,s X axF B )

where, . Co } - . .
e is the potential energy use to semce each square foot of ﬂoorspace by fuel
- is the share of floorspace fora service and fuel and, '

F' 1stotalﬂoorspace_ ‘

Total ﬂoorspace is determined by new addmons anda decay function apphed to exrstmg stock to obtain surviving
. ﬂoorspace The decay functron used is, ’ : '

L1 \ .
1 + e(®+B®) B Ly .

=1 @

where, _ ‘ .
' ft)  is surviving floorspace,
op are parameters, and -,
(tj is the. age of the floorspace.

This decay function assumes an average bmldmg lifetime of 45 years. :

A : Energy Informanon Administration
24 S . NEMS Commercial Demand Module Documentauon Report



Forecasted uﬂrianon factors are ﬁmply adjusted by/ the change in the price of the fuel'weighted by the unit energf
reqmrements for the time period times the fuel-specific own-pnce elasticity as taken from a study on pnee elasticities
by Baughman and Joskow 7 This allows the utrhzauon rate to respond to a change i in pnces and a change in the
efﬁcrency change from one time period to another. The model discounts the any change in the utilization as a
response to prices by any gains in efficiency from one time period to another. - :

Sorte assumptions are made in determining the floorspace share of each service. Floorspace is assumed to be 100%
" Iit. The "other services" category is composed pnmanly of electrorueehanical devices, which are assumed to have an
annual unit energy requirement of 2.5% (based on estlmates from Arthm' D. Little, Inc., crted in Appendix C to this
report) . According to research conducted by Westmghouse, space coolmg is assumed to increase by 1.5% annually
for existing bulldmgs, and new additions to commerc1a1 ﬂoorspace are assumed to, have 90% space cooling
saturauon ’

The fraction of ﬂoorspace served by each fuel for each end use is estimated in two steps as follows:

1. The adjusted fuel-chorce equatlons from Baughman & Joskow are used 1mtrally to determme fuel shares. The
following equation estimates the floorspace share for each end-use and fuel combination: ’
a = Sf / ef . : . e )
SEAR | o ®)
: : E(S/ef) S SR
- =
! - .

where,

a,’ is the share of floorspace for fuelf

S, is the fuel share (f) for the end-use

e is the energy use index for fuel f.
2. Additions to floorspace stock are determined 2 a function of the price of flodrspace, the pncec of other inputs
and the level of commercral output. Commerclal output isin tmn a function of the demand for commercial products.
The stock of ﬂoorspace is estimated as a function of per capita income and populauon. School enrollment is used
instead of population data to forecast educational floorspace.

7 Baughman ML. and P.L Joskow, "Energy Consumpnon and Fuel Chorce by Residential and Commercral
Consumers in the United States,” Energy Systems and Policy, Vol 1, No. 4, 1976. .
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 Table 4. ORNL and NEMS Commerclal Models: Conceptual Tasks

- o NEMS Commercial Model
Conceptual Task ORNL Methodol’o gy Methodology
Foueeastﬂoaspaceaddmons N Faeeastedusmgpnwsofﬂompmpnm 1 Forecast by building type and Census  *

. ’ of other inputs, and the level of commercial ~Dmsxon,mdonNEMSMAMﬂoorspaee
. output, where demand for commercial output forecast.
- is a function of income and population. -

i Retire floorspace © . | Retire based on vintage, using logistic decay. . iiaaebasedouvinmge,usingmvomﬁbnal
Mmmemdfqreeestsemcedemand Amxmedcmnxpeneuaﬁonmmformosr Measmesemeedemandmlimofdehvexed
and demand penetration services. Lighting assumed at 100% of " | energy; include short-term price sensitivity. -

0 ! floogspace. N Forecast penetration based on assumptions
L : and market data.
Retire service demand Remesemeedemmdbyretmngeqmpmem Retire service demand by retiring delivered
energy consumption. energy, use data on age and efficiency
- distribution of equipment stock.
Choose equipment to meet sexvice Equipment types not chosen. Characteristics iJseSbehavimalassmnpﬁons,mnlﬁngin
demand ofeqmpmeoxpoptﬂanondeterm:mdby constrained optimization (cost minimization);
potenualenetgyuse,changxmeﬁczeney, use variation in consumer dis¢ount rate, price
andpnoes expectations, and inertia factor,
’ Muinplyuﬁhmonrateforeach foeland - | Weightshareofeqnipmentchosenoyinvme

semoebysmckofeqmpmentmeasm'edm

4

of average efficiency for cach fuel and apply

-_| terms of potential energy use. to service demand. .

Reasons for Differences between ORNL and NEMS Modelmg Approachos. As dxscussed in conjunction with
the COMMEND model, the avaﬂabrhty of detailed commercial floorspace forecasts froim the NEMS .

) .Macroeconomlc Activity Module elrmmates the need to project burldmg-level ﬂoorspace trends Also similar to the
Vdrscussron of the COMMEND model both ORNL and the NEMS model retire ﬂoorspace using a logistic decay
‘function. While the ORNL model makes simplifying assumptrons regardmg servrce penetrahon rates and hghnng,

the NEMS model enhances the service demand approach using EUI data from C_BECS 1989 and penetration
projections from Lawrence Berkeley. Laboratory (LBL) studiec.(available citations provided in Appendix C to this‘ )

report).

Similar to COMMEND, the ORNL model retires service demand based on retiring energy-consumption, whrle the
NEMS approach retires delivered energy, since 1t is delrvered energy that must be met m the subsequently-executed

. Technology Chorce algonthm.

. Specrﬁc pieces of equipment are not charactenzed and competed in the ORNL model As an alternative, the )
- characteristics of the eqmpment stock that meets requiréd servrce demand are determined based on the composite of

Energy Information Administration
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energy eﬁicxency trends, fuel prices, and service demand pattems The NEMS model mcorporates a more detaﬂed
approach, consxdenng nonmonetary factors such as commerclal consumer behavmr, fuel switching, and the
mtroducuon ofnew technologies in the marketplace

~

Commerclal Energy Demand Model Service (CEDMS) Jerry Jackson and
Assoclates

CEDMS has been used by utilities, power pools and state agencies since 1983 to forecast commercial energy use.

.. The system provides commercial energy demand forecasts in addition to a microsimulator for prototypical buildings.
The mcrosmulawr models individual building energy reqmrements based upon user- speclﬁed input parameters. -
Thls capability enables the'mode] user to develop micro-level parameter esnmates for regional demand forecastmg

Microsimulation einulaies a single agentin the coﬁimercial market. The process begins by defining eharacterisﬁcs _
about the decision-maker. These chhracteristics are the payback time period requirement, operating hours of the
eqmpment, and’ the fuél preferences of the consumer. _The agent' then selects the eqmpment with the minimum . ‘
payback penod cost. The microsimulation uses DOE's ASEAM (A Slmphﬁed Energy Analy51s Model) to define a
prototypical bmldmg and its energy charactensucs Mlcrosmulauon is the pnmary determinant of saturation and

efficiency choices.

* The payback period cost equation is estimated usmg the maximum-likelihood method The equaﬁob is,
Payback )

~ period =

equip. cost

Equip. Install
‘ Cost - cost

Payback

+(PncefxEUI+ﬁﬂ,)x “req. ()X

where the subscnpt f refers to fuél, and B is a random variable. determined outsxde of the model run with mean of b
. and measure of dxspersmn D. Addmonal terms used in Equatlon (6) are further deﬁned in this sectxon ‘

Utilization changes by equipment viﬁtaée‘ over the forecast accordmg to the following e’quaﬁon,’

- Py - Py Uil . ~
it ht-l iz ] :
U U‘IX 10+—-—P—— el ‘. o . (7)

fit
where the £ subscript refers to the time dimension, and the otherj subscripts are as previously defined for this xbodel.

‘ &ergylnformauonAdmlmsu'auon - . .
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CEDMS uses a dlsaggregated apphance stock approach to determme energy by service, fuel and bmldmg type. The

pnmaryequaﬁontoaccomphshthrsrs, ST .-
Conswnp ' J b= ;Ztgiszﬁi x Satur. rate x-EUI . = - .- = S ®
_ where the energyuseintensity(EUI)isdeccﬁbedas,‘ ,
EUI = EUI, x Efficiency index x Utilization.index . * . ()

1, refers to the base year of the forecast, and Satm'rate is the \appliance .samration rate.

CEDMS relies upon annual ﬂoorspace vmtage information to monitor bmldmg shell and eqmpment efﬁclencles
Floorspace is retn'ed through a loglstlc decay function. Apphances are replaced at average lifetimes or earlier if the
new apphance payback period cost is less than the exlsung apphance operatmg cost over the same period.

. " X .
The energy use equation in its ﬁnal form is then, .

Consumption ’s,bv—Axd\-xSATx_EUI,prx‘U L " (10)

where,
A is new floorspace constructed » _ .
d isthe ﬂoorspace retzrement parameter based on the loglstlc decay function,

SAT ' lS the saturatlon rate for equipment, .

EUL, isthe base year energy use intensity,

E lS the energy efﬁcrency index, .

U‘ o is the energy usmg eqmpment utilization index.

" Space heating and water heating fuel Choices are determined through a building simulation subroutine within the -
mode] framework. CEDMS estinates parameters using historical data through either simulation methods or
utilization elasticities. ‘ .

|- o . Energy Information Administration . o *
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Table5. CEDMS and NEMS Commercial Models: Conceptual Tasks o

NEMS Commercial Model
Methodolo
. . - . - Division, based on NEMS MAM ﬂoorspaoe‘
‘| forecast. -

Reﬁ:eﬂoo:space' ' - Reﬁxebasedonoonstantmeofhistuieal. ) Retire based on vintage, using convohstional

demofition data in region. : decay. - A
Messure and forecast service demand | Saturation (fuel choice) relationships are Measure service demand in Bu of delivered
and demand penetration | . determined by microsimulations or efficiency energy‘mchldeshon-tam price sensitivity.
‘ : elasticities. | Forecast penetration basedonassumpuons
- - andmarketdata. .
Retire service demand Retixesetvioedcmandbyxethingeélﬁpment_ Reti:eservioedemandbyreﬁﬁngdelive:ed
enetgyoonsnmption. energy, use data on age and efficiency
s 'dlstribtmonofeqmpmentstock.

Choose equipment to meet service Microsimulation proeecs ecnmatecthe Use 3 behavioral assmnpuons, resulting in

demand payback period of the eqmpment to determine | constrained optimization (cost minjmization);
equipment choice. » usevananonmoonsumerd:seountmtc, price
expeemnons.andmcmafaotor

A Muhiolytotnlbtﬁldingﬂoorspwby R Waghtshareof equipment chosen by inverse
saturation rate and EUL ) of average efficiency for eech fuel and apply
' to service demand.

Reasons for Differences between CEDMS and NEMS Modelmg Approaches. Both' CEDMS and the NEMS
model utilize exogenous forecasts of commercial ﬂoorspace The NEMS model requires some addmonal processmg |
. of the DRI forecast received from the NEMS Mécroeconomic Activity Module, specifically, to develop new
' additions to floorspace by the eleven bmldmg types reqmred for the flow model approach discussed prevmusly in
this report. The NEMS methodology of retiring floorspace based on vintaging anda logistic decay function is more
' sophxsuoated than the simplifying assumpuon made by CEDMS that retu'ements are a constant proporuon based on
historical demolitions.

The CEDMS model micfosimulates fuel cho1ce relanonsh1ps to determine semce demands that must be met through-
technology selections. Eqmpment payback periods are then simulated, in order to determine eqmpment choices. .
The NEMS Commercial Module has as its starting point the CBECS 1989 data base of floorspace, fuel consumpnon,
fuel shares and market shares, which eﬁ'echvely eliminates the need to microsimulate fuel proporttons or market
shares in the base year. The technology selection a]gonthm of the NEMS model effectively computes relatlve

Lot FnergylnfozmatlonAdnnmstrauon S
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_technology costs based on a distribution of discount rates, microsimulating building equipment choices. The NEMS
model take's into account both monetary and n_onmonetary factors in the decision process.

A CBDMS relres upon the: eqmpment saturanons calculated in the service demand algonthm to develop end-use |

_ consumption. CEDMS also applies EUIs to pro_|ected commercial floorspace in th:s calculatmn The NEMS
Commerclal Module does not exphcltly calculate equipment saturations. Instead, the pnmary outputs of the NEMS .
Technology Chorce algonthm are fuel propornons of service demand and inverse average equipment efficiencies.

’

These outputs are apphed to calculated semce demands to develop end-use consumpnon

Commercial Building Energy Demand Forecast Madel (CBEH Callforma Energy
Commission (CEC)

. CBEF was developed to address. operatmg and pollcy issues relevant to the Cahforma energy eetabhshment. The
theoretical basrs and stmcture of CBEF is similar to the Iackson model descnbed prevrously in this section.

) CBEF determines end-use consumptron based on total commerclal floorspace, the propomon of floorspace recervmg :

an end-use energy service and thie building type efﬁcrency, and use of equipment. CBEF uses the Jackson-type
equanon to forecast consumpuon for all services except miscellaneous. Miscellaneous consumpuon is forecasted

: using assumed growth rates for office eqmpment and other miscellaneous consumpnon. The ofﬁce equipment

growth rates vary over building type and time, and other miscellaneois consumpnon is assumed to grow continually

- attwo percent per year. ’

CBEF appliec two sets of engineering simulation results to incorporate internal load adjusunenrs for office

équipment in the space heating and space coolmg services. The simulations are for prototypxcal buildings in Fresno

_ and San Franclsco to account for differing climate reglons - : - .

The seven major. utrhty planmng areas of Cahforma are modeled These appedr in Table 6 below. CBEF forecasts
energy consumptron for eleven bmldmg types, ten end- . and three fuels also listed in Fable 6.

* Price Responsiveness. The uﬁlrzaﬁon rate, which is specified by fdel end-use, building type and vintage, isa
function of eqmpment eﬁicrency, fuel pnce, and utilization short-run pnce elasticities. CBEF forecasts a short-run
response to price changes in 'the uuhzanon rate of energy consuming equipment. In addition, a price increase will
induce the installation of hrgher efﬁclency umts for new ﬂoorspace and for replacement of rennng equrpment.
CBEF does not explicitly address retroﬁts o oo - - -

: Energy Information Administration -
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Table 6. CBEF Variable Classification

"N Retail Stores
Food/Liquor
Stores -

Warehouses
'Schools - |
Colleges/Trade
Health Care
Hotel/Motel
Miscellaneous

PacificGas & . -
Electric

L.A. Dept. of
Water & Power:
Sacramento
Municipal Utility
District

| San Diego Gas &

Electric
Southern . -
California Edison
Burbank,

Glendale,
Pasadena
QOther

Equipment. CBEF improves upon its oredecessor models by using an end-use equipmeht vintaging algorithm. The
_ CBEF Model applies a Weibull distribution function to compute the sumvmg share of an eqmpment vmtage inany
given year The function is expressed as,.”

-@WL)*b

8 t =e€ ’ ) ! T (11)
where, :
g .. isthesurvival fraction, . .
t is the age of the eqmpment, and-

Lb are parameters determmmg the shape of the function.
Thxs funcuon is used to decay all eqmpment after the 1964 base year. The 1964 stock is composed of all previous .
' survxvmg vintages. Therefore the eomposmon of the 1964 stock is determmed assuming that the stock of apphances
isin ethbnum and normally dxstnbuted. By applying the same type of decay function, the 1964 stock is the sum of
-all survlvmg stock from prevmus years.®

1

8 Thxs vmtagmg algonthm is a potential enhancement to the NEMS model thaf is currently under consideration.

- Energy Informanon Administration - :
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Floorspace. Commercial ﬂoorspace forecasts are generated by a mlxed use of stock demand and constant stock
ratio approaches The resultant stock adjustment model is deccnbed by the log-log eguanon,

“‘(zi) =b +b *m({}) + *ln(M) b|*ln(PCI) b| ln( 1) o - (12)

* where,

Y/X, is floorspace stocks over by a commerclal output proxy {e.g. employment, taxable sales,
) . etc.),. ..
" PF/Po, ‘is the pnce of floorspace, as measured by the constructmn matenals price mdex over the
. average hourly. earnings per worker by sector, | )
M. . . i the money suppl).r, T
PCL, is per capita income, ‘ o P
Y./X, is the dependent variable lagged one penod, and

b; ’ for I= 0,...4 are regression coefficients.
The ecluaﬁon is estimated using OLS for ten building types and seven regions. "Floorspace stock data is included
from various state agency sources connected with the regulation of speciﬁc sectors 'I'hese agencies include the
California State Health Planning and Development and the Cahforma State Department of Education. New additions
to commercral ﬂoorspace are developed based on F. W Dodge data. ‘

‘The share of any partrcular vmtage of building stock s11rv1ves accordmg to the followmg logistic decay function
whrch is taken from the Jackson Model, :

Surviving Share R 1

e

 of building vintage, = 1+ ’e6.91-'0.:126-t7 g ' . 1

This function assumes a mean building lifetime of 55 years whereas the Jackson\Model uses a 45 year average
bmldmg lifetime. This 1mphes that the i mcrease of new and more efficient bmldmg shell technology and equipment
is more gradual than the Jackson Model. - , , : .

Energy Use Intensity. ‘Pro'totype buildings are developed for two cli_rnate regions: Northern and Southern. "
California. Withi each climate region prototypes are simulated for each building type. '

4N
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Fuel Satarations. Three vintages are used in determining fuel saturations. The vintages are pre-1965, 1966-1974,
and post-1975. " Estimatioris are made for each vintage for both space heating and cooling.

Price Elasticities. The CBEF utilizes a Nguyen and Chen algorithm to estimate price elasticity of demand.. The

model explains' arange of variations in demand per square foot. The following explanatory variables are includedin

' tllemodel

° output of commercial servxces, .
fuel prices, specifically electnclty and namral gas prices,

°
° heating degree days, and
°

" cooling degree days.

Table 7. CBEF and NEMS Commercial Models: ' Conceptual Tasks

CBEF Methodolo A

Floorspacefoxeemmdusmgamxxuneofswck
.demnndandoonsmntstockmnoappmhw

NEMS Commercial Model |

_-Methodology

FoteeasibybuildmgtypeandCcnsus

Division, based onNEMSMAMﬂoo:spaee

.fommt.

- Reﬁrebasedongmoge,hsingxogisﬁcdéwy.

Reu:ebmedonwmage,usxngeonvohmmal
decay.

Measure and forecast service demand

EUIsaxedcvelopedusmgprototypml Meesmsaweedcmanden:ofdehvered
and demand penetration buildings in two climate regions. energy; include short-term price sensitivity. |
. i T Forecast penetration based on assumptions
andmarketdata
Remesemeedemand '_ Retircsetvioe,danandbfxeﬁﬁngeqtﬁpmem | Reuxesemoedanandbyxeumgdehveted

14

energy consumption using equipment decay

energy, use data on.age and efficiency
distribution ofequipmentstock.

|

Choose equipment to meet service

Eqmpmenteﬁicwncyanduﬁhmnonmeam '
forecasted. Individual equipment technologies

Use 3 behavioral assumptions, msuhmg in
constrained optimization (cost minimization);

are not modeled. - usevananonmoonsumerdzsoountme,pnoe
expectations, and inertia factor.
Calaﬂateenagyoonstnnpﬁon Muhiplyuﬁ]izaﬁonra:eByEU}[and Weight share of equipment chosen by inverse
: floorspace. - ofavuageeﬁmencyforeachﬁ:elandapply .

to service demand.

Reasons for Dlﬁ'erences between CBEF and NEMS Modelmg Approachos. Both CBEF and NEMS utilize
-building stock vmtagmg information to develop forecasted ﬂoorspace, but the NEMS model uses a flow

' methodology to project new additions to ﬂoorspane while CBEF uses a constant stock ratio algorithm. The NEMS
.approach is potenually more dynamic in nature than the CBEF miethod. Floorspace is retired in both models through

a logistic decay function.

: Energy Informauon Administration -
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: Both CBEF and NEMS utilize EUIs based on specific bmldmg parameters, CBEFs developed from mlcrosrmulanon
of prototyplcal bu1ld1ngs and NEMS' based on CBECS 1989 survey data.’ CBEF employs an eqmpment decay rate
algonthm to compute retiring service demand, while'NEMS currently assumes proportional service demand
renrement. The CBEF methodology isa potennal enhancement to the NEMS treatment of retrnng servrce demand.

‘ CBEF does not exphcltly model mdrvxdual technologles Instead, composrte equipment efﬁcxencres and utrlrzanon

'ﬁctors are forecasted. Projected utilization rates are then mulnphed by EUIS to obtain consumption forecasts. In
contrast, the NEMS model characterizes specific eqmpment and selects this equipment based upon behavioral

: assumptxons for each decision type. The resulting equipment market shares and the eqmpment efficiencies that

correspond to each market share are then used in conjuncuon with calculated semce demands to prq;ect end-use

consumption. The NEMS approach results from the treatment of service demand at the Census Division, burldmg, B

and servrce level of detail. This approach complements the detailed Ireatment of technology selection, enabling the

results of the service . demand calculation to be used to compute end-use consumption. ‘

Commercial Se'_ctor Energy Model (CSEM): Energy Information Administration .

CSEMisa product of EIA’s Office of Energy Markets that was a component of the PC-AEO (spreadsheet) model.
“The PC-AEO system was used to produce the Annual- Energy Outloak prior to the development of BEEM. CSEM
generates annual commercial sector demand forecasts through the year 2000 Forecasts are developed for the major
fuels of electricity, natural gas, and drstxllate fuel along with minor fuels (e. 8- residual fuel orl) CSEM models the
commercial sector at the four Census Region ] level of detail. :

CSEM projects commercral ﬂoorspace usmg the 1983 NBECS. 1983 new addmons to floorspace are estimated as
" one-tenth of NBECS ﬂoorspace constructed between 1974 and 1983.- The base year of the forecast is then set to :

1983. Base year ﬂoorspaee is muluphed by reglonal populauon growth rates and lagged GNP to obtain ﬂoorspace

additions. Annual survrvm_g ﬂoorspace.rs detenmned usmg a constant survival rate applied to existing vintages.

" Energy use intensities are developed for new and survxvmg ﬂoorspace Capital stock energy use is calculated using

new and surviving ﬂoorspace as welghts Fuel pnce effects are assumed to be zero.
Price-impacted energy intensity is then compu_ted as, . -

g = exple x (plpg)) X g . - L e
ElergylnformauonAdmmrstrauon-

34 " NEMS Commercral Demand Module Documentanon Report

\ - 4 1



t

q.  istheprice impacted energy intensity, © R
P is the fuel price, . ' ! '
‘ pn' mtheﬁzelpncemthebaseyear, .
q is the capital stock energy intensity mdependent of pnce, identical to the welghted sum of 1983
" NBECS. energy consumptlon ratés in new and survmng ﬂoorspace using a relative price mdex
with a 1983 base year.

Total energy forecasts are generated by multiplying the price-affected energy intensity estimates by the total
ﬂoorspace forecast. ’ ‘ )

.
Reasons for Differences between CSEM and NEMS Modelmg Approachos. As drscussed in the comparison of - "
COMMEND and NEMS, the availability of exogenous projections of commercial floorspace in NEMS eliminates .
the need to explicitly forecast building-level annual new additions. Instead, NEMS apportions new addmons into the
eleven CBECS 1989 burldmg types. CSEM utilizes NBECS 1983 floorspace stock and macroeconomic dnver
_variablés to forecast commercial floorspace, using an approach that is conducive to developing a srmulatron based on
the survey ‘data. CSEM retires existing floorspace based on a constant survival rate, which does not consider
. floorspace vintaging and building lifetimes. The NEMS Commercial Module backcasts the base year ﬂoorspace
stock to the ongmal years of construction and appliés a logistic decay function to model more accurately the shape of
the building retirement function.

Both CSEM and the NEMS OOmmercral Module employ pnce unpacts in the service demand calculatxon CSEM
computes price-affected EUISs to account for fuel price impacts and energy consumpuon patterns in newer bmldmgs .
NBMS explicitly includes short-run price elasticity of demand estimates for the major fuels of electricity, natural gas,
* and distillate. The NEMS approach uses finely drsaggregated EUIs based on CBECS 1989 which were not

available when CSEM was developed. Retiring service demand is not treated in CSEM. In contrast, the NEMS
Commercral Module retires a poruon of dehvered energy each forecast year that corresponds to retlnng commercial

ﬂoorspace

As discussed previously in this section, the NEMS Commercial Module technology selectxon procedure incorporates

" numerous cost-based and nonmonetary decision factors in the determination of eqmpment market shares and the

resultmg mverse average eqmpment efﬁcrency The results of this selectlon process and the aggregatmg calculations
are directly input to the calculation of end-use consumptlon. The CSEM approach directly uses the pnce-affected
EUIs to the ﬂoorspace forecast to obtain consumptlon values, not consrdermg explicit eqmpment choices. The

~

_ Energy Information Administration . . : ‘
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NEMS approach provxd&s afiner level of resolution in selecung individual technologies and calculatmg consumpuon
based on the specific eqmpment mix.

' Table 8. CSEM and NEMS Commercial Models: Conceptual Tasks

- , © - | NEMS Commercial Model
Conceptual Task CSEM Methodolgg . Methodology
| Forecast ﬂoorspace addmons Forecast based on NBECS 1983 = Forecast by building type and Census
- stock data and multiplying by Division, based on NEMS MAM
) - lagged GNP and population growth | floorspace'forecast. .
Retue ﬂoorspace . Retire based on a constant survival | Retire based on vintage, using
‘rate of existing floorspace. .~ | convolutional decay. - -
Measure and forecast service EUTs assume to higher for ‘Measure service demand in Btu of
demand and demand electricity and gas in newer- delivered energy; include short-term -
penetration - . | buildings. Price affected intensity | price sensitivity. Forecast
. '. - C computed using fuél prices and” - penetration based on assumpnons and
: ' ) | weighted sum of NBECS market data. ‘ ‘
conSumpt{on ratesinpewand - ) ',
< survmng floorspace.’ '
Retire servrce demand & none : S ’ Retire service demand by retiring _
: ' Lo delivered energy; use age and
efficiency distribution of equipment
stock data. i
Choose equipmenttomeet ~ | none o o © | Use3 belravroral assnmptidns',
service demand - . : resulting in constrained opnmlzatlon
: ' o (cost minimization); use variation in
| consumer discount rate, price
expectauons, and merua factor.
Calculate energy consumption | Multiply price affected energy : Werght share of eqmpment chosen by
: intensity by total ﬂoorspace | inverse of average efficiency for each
__ forecast. fuel and apply to service demand. ’
)
Energy Information Admmrstrauon
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Summary of Reasons for Selecting NEMS Commercial Model
Approach over Alternative Approaches Adopted in Prewous
Commercial Models ,

BEEM _

" The BEEM ﬂoorspace forecast does not address variation of ﬂoorspace ‘by Census Division and building type over
time. The NEMS ‘approach mcorporatcs this consideration.. The BEEM service demand algorithm is a simple
1indexing of service demand to energy consumption. ‘The NEMS approach is much more sophisticated, treating such

- considerations as district services, service demand price elasticity, and office equipment market penetrauon. The
BEEM technology choice algonthm is a simplified logit function that minimizes hfe-cycle costs, The NEMS

. Technology Choice algonthm is much more sophisticated and ﬂexrble, and considers a myriad of i issues such as
equipment availability, energy efficiency standards, technology competl,tlon, refrofit decisions, and technological

. breakthroughs that introduce new classes of equipment to the marketplace. '

COMMEND

COMMEND models only two _regions, and NEMS models nine Census Divisions, incorporating extensive Census .
Division level data. COMMEND utilizes 4 cost-minimization algorithm to compute technology selections. NEMS-
applies a highly sophisticated Technology Choice algorithm that considers numerous facets of the consumer choice-
process as descnbed previously. COMMEND applies building vintage shares and EUL ‘information to the
technology selecnon results to develop end-use consumptron The NEMS Technology Choice algorithm
incorporates a finer level of detail that allows for numerous types of aggregations to be performcd to calculate end—
use consumptxon at several desired levels of aggreganon ‘

om . S

ORNL makes srmphfymg assumptions regarding service penetraﬁon rates and lighting. NEM~S‘ enhances the service
demand approach by employing detarled EUI data developed from CBECS 1989, along with office equrpment
market penetration studies performed by Lawrence Berkeley Laboratory. In addition, NEMS treats lighting as a
major service and models bulb competmon in the Technology Choice algorithm. ORNL does not characterize and -

- compete specxﬁc classes of egquipment, relymg mstead upon charactenzanons developed from  energy efficiency
trends, fuel pnces and servrce demand pattems The NEMS approach competes specific technology classes to
enable a ﬁner level of dwaggregahon of the choice calculatron that is central to the model.

~

' . ) ErergylnfoxmanonAdmrmstranon . .
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'CEDMS

. CEDMS employs the simplifying assumption that floorspace retirements are a constant proportion based on
historical demolitions. NEMS applies a convolution algorithm that reconstructs floofspace back to the original
construction vintage, and evolves e;@isﬁng and new floorspace stock throughout ‘the forecast period.

CBEF'. "

CBEFisa reglonal model based upon seven distinct areas of the state of California. NEMS models nine Census
Divisions. NEMS employs a more dynamic modeling structure for the convolunon of commercial floorspace over -
. the forecast penod CBEF does not explicitly model mdwrdual technology classes, relying mstead upon composite
efficiencies and utilization rates across classes of technologles NEMS models distinct technology classes, enabhng
" afiner tracking of eqmpment selections and resultant average equipment efﬁclencles T

- .

' CSEM

CSEM renres enstmg ﬂoorspace based on a constant sumval rate, while NEMS mcorporates variation through the
‘ convoluttonal approaeh to floorspace renrement. The EUI esnmates employed in the CSEM model are not as finely
disaggregated as the EUIs used in NEMS enabling a greater level of drsaggregauon in NEMS. CSEM does not treat
retiring service demand, and NEMS does CSEM does not mcorporate a technology ¢hoice procedure, and mstead )
drrectly uses pnce-adjusted 'EUIs and forecasted ﬂoorspace to conipute end-use consumption. This approach does

not consider a plethora of factors that 1mpact final consumption, such as those conmdered in the NEMS Technology -
Choice Submodule.’

SN :
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4. Model Structure
Strnctural Ovenrievtr

The commercral sector encompasses business estabhshments that are not éngaged in mdustnal or transportation
activities. Commercial sector energy is consumed primarily within buildings® Energy consumed in commercial -
buildings is the sum of energy required to provide specific energy services using selected technologies. The model
structure carries out a sequence of four basic steps for each forecast year. The first stepis to forecast commercral
sector floorspace. The second step 1s to forecast the. energy servrces (e.g., space heatmg, lighting, etc.) requrred by
that building space The third step is to select spemﬁc teclinologies (e.g., gas furnaces, fluorescent lights, étc.) to
meet the demand for energy services. The last step is to determitie how much energy wrll be consumed by the

equipment chosen to meet the demand for energy services. New construcnon, surviving floorspace, and equipment
choices forecast for previous ume penods largely determine the ﬂoorspace and eqmpment in place in future ume
penods General considerations involved in each of these processing steps are exammed below. Followmg this
overview, flow diagrams are provided and the calculauons performed by each of the forecastmg components are
described in detail. :

CommerciaI'BuildingvFIoorspace Forecast. .. - -

Commercial sector energy consumptlon patterns depend upon numerous factors, mcludmg the composmon of
comuercial building and equipment stocks, and regional climate and bmldmg construcuon variations. The NEMS
Commercial Sector Demand Module first develops a forecast of commercial ﬂoorspace construction and retirement
by type of building and Census Division. Floorspace is forecast for the following 11 bmldmg types

° Assembly ' ° Health Care " @ Mercantile and Service

® Education - ® Lodging _.. - @ Warchouse i
® Food Sales . - ®Office-large @ Other I
® Food Services - _ ® Office - small : \

*Thereis a small amount of commercral energy consumptlon (from uses such as street lights), that is not attributed ‘
to bmldmgs This is dlscussed in the End-Use Consmnpuon secnon.

- .
hS
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Seryice Demanq Forecast -

. Oncethe bmldmg mventory is pro;ected, the inodel then develops a forecast of demand for energy-consummg
semces within buildings. Consumers do not demand energy per se, but the services that energy provxdes 9 This

. demand for delivered forms of energy is measured in umts of Bru out by the Commercial Module, to distinguish it
from the consumptron of fuel, measured in Btu in; nececsary to produce the usefl services.. 'I'he followmg ten
services, based in part on the lev,et of detail available from pubhshed survey work dr_scussed further in this report, are

@ Space Heating ® Water Heating ® Office Equipment - Persotial Computers
.0 Space Cooling ® i.ighﬁng‘ ® Office Equipment - Other than PCS
@ Ventilation . ® Cooking e Refrigeration - -
S . 0‘ Other

-The energy intensity of usage, measured in Bmlsq ft, differs across service and bulldmg type For example, health
care facilities typically reqmre more space heating per square foot than warehouses Intensity of usage also varies
across Census Divisions. Educational bmldmgs in the New England Census Division typrcally require more heatmg
services than educational bmldmgs in the South Atlantic Census Division. Asa result, total service demand for any
service depends on the number, size, type, and location of buildings.

In each forecast year, a p_roportion of energy-consuming equipment wears out in exisﬁng floorspace, leaving a gap
between the energy services demanded and the equipment available to meet this demiand. The efficiency of the
equipment that is chosen to replace this eouipment, along with the efﬁciency of equipment chosen for new
floorspace, is reflected in the calculated average efficiency of the equipment stock._

Consumers may increase or deciease their level of usage of a service in response to a change in energy prices. The
model accounts for thrs behavioral impact by adjusting’ service demand forecasts using price elasticity of demard
estimates for the maJor fuels of electricity, natural gas, and distillate fuel'’. For electncrty, the model uses a

P

leghung isa good example of this concept. It is measured in units which reﬂect consumers' percepnon of the level

of service received: lumens.
/

11'I'he calculation descnbed is actually perfomd on the fuel consumpnon forecast by the End-Use Consumptlon
Submodule, making use of the direct proporuonahty between consumption and service démand. This is necessary
~ because the fuel shares of provided services are not detenmned until after selectlon of the eqmpment mix by the
Technology Chorce Submodule .
. ' ) . . Energy Information Administration .
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wei ted-average pnce for each end-use service and Census division. For each of the other major fuels; the model
uses a single’ average annual price for each Census division. In performing this adjustment, the model also takes into
‘account the effects of changmg technology efficiencies and bmldmg shell efficiencies on the margmal cost of the
service to the consumer, r&sultmg ina takeback eﬁ'ect" modlﬁcanon of pure pnce elasticity.’

Equipment Choi_ce o Meét Service Needs ;

. Given the level of energy services dentanded, the algorithm then'projects the class and model of ecjuipnient selected
to satisfy the demand. Commercial consumers purchase energy-using equipment to meet three types of service

'dema,nd:

° New - service dentand in newly-constructed builciings (constructed in the current year of the forecast),

o Replacement - service demand formerly met by retmng equipment (eqmpment that i is at the end of i 1ts useful )
life and must be replaced), ’

] Retroﬁt service demand formerly met by eqmpment at the end of its mngmg life (equipment with a

remaining useful life that is nevertheless subject to retirement on economic grounds):’

Thus, consumers must choose equipment to meet service demand under three conditions, as mentioned above. Each

condition is referred to as a "decision type".

One possnble approach to describe consumer choice behavior i in the commercial sector would require the consumer
to choose the eqmpment that minimizes the total expected cost over the life of the eqmpment. However, there is
empirical evidence that suggests that traditional cost minimizing models do not adequately account for the full range
‘of economic factors that influence consumer behavior. 2 Using a similar methodology, the NEMS Commercial
Model is coded to allow the use of several possible assumptlons about consumer behavior. The consumer behavior
assumptlons are

L2 Buy the eqmpment with the minimum hfe-cycle cost; ,
] Buy equipment that usés the same fuel as exlstmg or retiring eqmpment, but minimizes hfe-cycle costs
" under that constraint; )

AN

‘

12See Jon Koomey, "Energy Efficiency Chonces in New Office Buildings: An Inv&snganon of Market Failures and
Corrective Policies," Dissertation, University of California at Berkeley, April 1990; and U.S. Congress, Office of
Technology Assessment, Building Energy Efficiency. 0TA-E-518 Washmgton DC:US. Govemment Pnntmg Ofﬁce,
May 1992, pp. 73-85. .

Energy Information Administration . : \
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° Buy (or keep) the same technology as the exrsung or retiring eqmpment, but choose between models with
different efﬁcrency levels based upon minimum- hfe-cycle costs.

Thiese-behavior rules are designed to represent empiricelly the range of economic factors which ihﬂuence the '
consumer's decrslon The consumers who minimize life-cycle cost are the most sensmve to energy price changes,
thus, the pnce~sens1t1vrty of the model depends in part on the share of consumers using each behavior rule The
proporuons of consumers in each behavior rule segment vary by bmldmg type, the end-use service under
'consrderahon, and decrslon type, for the three decrsron types of new construcnon, replacement of worn-out

- equipment, or retroﬁttmg of economrcally obsolete” equlpment.13

The model is designed to choose among a discrete set of technologies that are exogenously characterized by
commercral availability, capital costs, operating and mamtenance (O&M) costs, removal and drsposal costs,
efficiencies, and lifetime. The menu of equipment depends on technologrcal innovation, market development and
policy intervention. The design is capable of accommodating a ‘changing menu of technology chorces, recognizing
that changes in energy pnces and consumer demand may significantly change_ the set of relevant technologies which

the model user wishes to consider.
Energy Consumptian

Followmg the choice of equipment to satlsfy servrce demands, the model computes the total amount of energy

) consumed To calculate energy consumpuon, the fuel shares of servxcé resulting from the selected mix of equipment,
together with the average efficiency of that mix, are applied to service demand. An example of this calculation is .
shown in Table 9. If 100~ million Btu (MMBtu) of heating service demand in new office buildings in New England is
required, then the calculations proceed as follows allocate service demand according to the share of a given fuel
. (Table 9, Column 3), drvrde service demand (3) by the average efficiency (4) to derive fuel consumptron by fuel

type.

13‘lﬁrddrtronal detail regarding the denvatlon of the choice proportlons is provrded in Appendrx A to this report. -

. - Energy Informanon Administration . -
42 . . - NEMS Commercial Demarid Module Documentation Report

Y



. / " - ,
Table 9. Energy Consumption Calculation Example

' Service Demand
(100 MMBtu out)
] Proportion of | Amount of Service Average efficiency
ice - Delivered | (Btu out/Btu Fuel Consumption -
Fuel Demand (MMBtu out)’ consumed) (MMBtu
(£)] 2 (3)=(2)*100 @ 5) =)@
Distillate Fuel Oil 05 s00 -~ . 075 66.7°
Electricity - 03 300 | 087 345
_Natural Gas - 20.0 ] . 250.
Total’ 1262

"Forecasted building energy consumption is then benchmarked to the State Energy Data System (SEDS) historical
commercial sector consumption, appl);ing an additive correction ferm to ensure that simulated model results

" correspond to published SEDS historical values. This benchmarking adjustment accounts for nonbmlduig
commercial sector energy consumpuon (e.g., radio transformer towers) and provrdes a consistent starting point for
the forecast. ‘The benchmarkmg procedure is fm'ther discussed in the last section of the mam text of this report.

Flow Diagrains

[y

F'gure 2 ﬂlustrates the general model ﬂow of the NEMS Commercral Sector Demand Module The flow proceeds
sequentially, with each succwdrng Submodule utilizing as mputs the outputs of precedmg Submodules. In other
words, the outputs of the Floorspace Submodule are used as mputs to the Service Demand Submodule, the outputs of
the Service Demand Submodule are used as inputs to the Technology Choice Submodule, and the outputs of the
Technology Choice Submodule are used-as inputs to the End-Use Consumption Submodule. The basic processing
flow used by the Commercial Module to generate its forecast of foél demands consists of five steps: i

1. A forecast of commercial bmldmg floorspace is generated based upon input from the Macroeconomrc
Module and results from prevrous years, (COMFloorspace Submodule) '

2. ' Demands for various services are calculated for that drstnbutlon of ﬂoorspace (COMSemceDemand '

Submodule)

t

3. Equipment is chosen to satisfy the_ demands for services (COM’l‘echnologyChoice Submodule).

 Energy Information Administration
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_ Fuel consumption is’calculated based on the chosen equipment mix, and additioaal commercial sector

consumpﬁon components éuchas those rwullmg from nonutility cogeneration of electricity and district

' semcas are accounted for. Commercial sector airborne emissions assoclaxed w1th the consumpuon forecast
.are also calculated (COMConsumpuon Submodule)

R&sults by fuel and Census Dmsmn are adjusted to match the 1990 through 1994 State Energy Data System
(SEDS) historical data, and opuonally the 1995-1996 forecasts of the Shon Term Energy Outlook (STEO)

(COMBénchmarking Submodule).

Energy Information Adm:msuanon .
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COMK ) COlReport

® Read User Parameters '® Ganerate Detailed &

Activation by NEMS

© Initialize - Summary Reports
Integrating Module ® Direct Submodules ® Create output
! databases _

@ Control Reporting

{ses Figure 9) )

{ses Figure 3)

COMFloorspace

@ Foracast commarcial floorspace
survival & new construction

(see Figure 4)

COMServiceDemand

. Return Control to NEMS
Integrating Module

® Forecast demands for energy-
consuming services in foracasted
floorspace

(see Figure 5)

COMTechnologyChoice

@ Select spacific technologies to
. ' .o satisfy demands for energy-
consuming services

(sés Figure 6)

COliConsumption

fo ‘@ Determine consumption of fuels by COMBenchmarking

forecasted-technologies ~

@ Foracast consumption for nonutility
- generation of electricity

@ Forecast consumption to provide .

district services

@ Account for.
consumption resulting

- from.factors not
explicitly modeled -

(see Figure 8)

) ’ (siae Figure 7) -
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The Commercial Module is activated one or more times during each year of the forecast period by the lilEMS '
Integrating Module. On each occurrence of module acnvauon, the processing flow follows the outline shown in
figure 2. Detarls of the processing flow w1thm each of the Commercial Module's submodules together with the input
- data sources accessed by each, are shown in ﬁgures 3 through 9, and summarized below The precrse calculations
performed at the program subroutme level are described in the next section.

Figm‘e 3 illustrates the flow within the controllmg component of the Commercial Module, COMM. Thrs is the

" component that determmes whether a dynamic forecast for the cmrent year is warranted, retrieves user-specified
options and parameters, performs certain initializations, and directs the processmg flow through the remalmng
submodules. ‘Tt also detects the occurrence of the conclusxon of the forecast period, and directs the generanon of -
 printed reports and output databases to the extent spectﬁed by the uset. |

Figure 4 illustrates the processing flow within the Floorspace Component of the model COMFloorspace The
4Floorspace Submodule requires the NEMS Macroeconomrc Activity Module (MAM) total commercial floorspace
forecast by Census D1v1sron, building type, and year. In addition, base year bmldmg stock characteristics and '
.bulldmg survival parameters developed based on analysis of CBECS 1992 and additional sources (further referenced
in Table A-2 of Appendix A to th1s report) are used by the Floorspace Submodule to evolve the existing stock of
ﬂoorspace into the futm'e ‘

Figure 5 illustrates the processmg ﬂow wlthm the Service Demand Component of the model, COMSemceDemand
The survrvmg and new floorspace results generated by the Floorspace Submodule are accepted as inputs by the
Service Demand Submodule, along with addmonal inputs such as base year (1992) Energy Use Intensities (EUIs), .
renewable energy service demands, office equipment market penetration forecasts, base year equlpment market
shares and stock efﬁcrencxes, equipment survival assumptions, bmldmg shell efﬁclencres, weather data, and district
service information. The Service Demand Submodule forecasts demands for the 10 modeled end-uses in each of the
11 bmldmg types and nine Census D1v1sxons separately for newly-constructed commercial floorspace, surviving
floorspace wrth unsatisfied service demands due to equipment failure, and surviving ﬂoorspace with cun:ently
functlonmg equipment.
Figure 6 illustrates the processing flow within the Technology Choice Component, COMTechnologyChoice The
- service demands produced by the Service Demand Submodule, combined with equipment-specific inputs, consumer

behavior characterization and nme preference segmentanon information specific to the Commercial Module, and’
NEMS system outputs including Treasury Bill rates from the Macroeconomrc Actmty Module (MAM) and fuel

prices from the Electncrty Market Module, Natural Gas Transmrssron and Distribution Module, and Petroleum
Market Module, are required by the Technology Chorce Submodule The result of proeessmg by this submodule isa .

. . Energy Informauon Admrmstranon ‘
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forecast of equipment market shares of specific technologies retamed or purchased for servicing new ﬂoorspace,
replacmg failed equipment, or retrofitting of economically obsolete eqmpment. Also calculated are the °
, correspondmg fue] shares and average eqmpment efficiencies by end-use service and other drmensrons

~ Figure 7 illustrates the processing ﬂow within ‘the Consumption Component, COMConsumpﬁon The average
equlpment efﬁcrency and fuel proportions output by the Technology Choice Submodule are combined with the
service demand forecast generated by the Serv1ce Demand Component to produce the forecast of major fuel ‘

E consumption by building type, Census Drvrsron, and end-use Several additional considerations-are incorporated into- o

the final forecast, mcludmg fuel consumption for the purposes of electncrty cogeneration and provrdmg District
Services. Demands for the five minor fuels are also forecast by this component usmg the ﬂoorspace forecast
together with fuel prices and input regression parameters ' ’

Figure 8 illusrates the Benchmarking Component of the fuel consumpnon forecast, COMBenchmarking. Data input
from the State Energy Data System (SEDS), and, at the user's opuon, fuel consumption forecasts. produced for the
Short Term Energy Outlook (STEO), are compared with the basrc Commerclal Module fuel consumptlon forecast.
~ during the period of time over which they. overlap, in an attempt to calculate energy consumpnon in the Commercral

Sector not attributable to the bnrldmg end-uses exphcrtly modeled in the Commercial Module. If desrred the \
calculated nonbuilding consumpnon is evolved in one of several methods chosen by the user and added to the basrc

- Commercial Module forecast.

A final reportmg subrounne, COMReport, generates detailed documentanon on the Final Control and Repornng
Loop of the last forecast year. Numerous subcategones and additional considerations are handled by the model for
each of the broad process categories given above. These are described below under the headmgs of the applicable
subroutines, and explicitly stated in mathematical form in Ap_pendrx B.

Energy Information Admrmstranon L.
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" Figure 4. COMFloorspace Calculation Process Fiow A '__
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Figure 5. COMServiceDemand Calculation Process Fiow
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Figure 6. COMTechnologyChoice Calculation Process Flow [ o
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Key Computations and Equations R

This section provides détailed solution algorithms arranged by sequential submodule as executed in the NEMS

Commerctal Secto'r‘Demand Module. General forms of the fundamental eouations involved in the key computations
are presented, followed by discussion of the numerous details consrdered by the full forms of the eouations provided
in Appendix B. ‘ - o

TN

Floorspace Submodule
The Floorspace Submodule utilizes the Census Division level building-specific total floorspace forecast from the
NEMS Macroeconomic Activity Module (MAM) asits primary driver. Many of the parameter estimates used in the
Commerclal Module, mcludmg base year (1992) commercral sector ﬂoorspace, are developed from the 1992 '
Commercral Bmldmg Energy Consumpnon Survey (CBECS) data base. Forecasted total commercial floorspace is
provrded by the MAM: through the MC COMMEFLSP member of the NEMS Global Data Stmcture (GDS).
Commercial floorspace from the MAM is specified by the 14 building categories forecast by F.W. Dodge of
.McGraw-Hill Inc. and s'.’rpplied through the underlying proprietary model developed by Data Resources,
Incorporated (DRI) To distinguish the Commercial Module floorspace forecast ulumately produced within the

_ Commercial Module from that provrded by the MAM the latter is referred to as the DRI floorspace forecast in  this

' report.

/7

The Floorspace Submodule ﬁrst backcasts the 1992 CBECS floorspace stock to its ongmal construction years, and '

then simulates bmldmg renrements by convolving the time series of new constructron wrth alogistic decay function.

New ﬂoorspace construction durmg the forecast penod is calcnlated in a way that causes total floorspace to grow at

the rate mdrcated by the MAM forecast. In the event that the new additions computanons produce a negatrve value

for a specific bmldmg type, new additions are set to Zero. ’

' Correspondence with the analysts responsible for the MAM floorspace forecast provrded values for the average
building lifetime between 40 and 80 years, based on the F.W. DodgeJDRI data provrded for the MAM ﬂoorspace
forecast. The building retirement functron used in the Floorspace Submodule depends upon the values of two user
inputs: average building lrfetlme and gamma. The average bulldmg hfetlme refers to the mdran expected lifetime o
of buildings of a certain type that is, the period of time after constructron when half of the buildings have retired,
andhalf snll survive. Thegammaparameter yA correspondstotherateatwhrchbuﬂdmgs retire near thetrmedran
expected lifetime. The current values for these model inputs are 59 years and 5.3 respectively. The proportton of
burldmgs of : a certain type built at the same time that are survrvmg after a glven period of time has passed is referred
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to as the surv1val rate. The survival rate is modeled as assuming a logistic functional form i in the Commiercial
Module, and is given by equanon B-1lin appendxx B. This survival function, also referred to as the retirement
function, is of the form: ‘ ‘ ’

- * \

Survtvmg Proportion = 1 N -
. ot Building Age \¥ . . - (15)
S ' Median Lifetime ' -

Existing'ﬂoorspaee retn'es overa longer time period if the median building ereime is-increa‘sed or over a shorter

" time as the average lifetime is reduced as depicted in Figure 9. The oser-speciﬁed gamma parametef partly .
determines the shape of the survival rate function that defines the acceleration of the rate of retirement around the
average blhldmg lifetime. The larger the value of gamma, the steeper the survival cizrve near the median lifetime.
This mehes greater numbers of bmldmgs retiring at or very near the average lifetime. Large values ‘of gamma -
should be avoided, as this implies that a vintage of buildings will retire almost entirely at its average lifetime. The
converse is true as well: Small gamma values will retire floorspace more evenly over the rax;‘ge of lifetimes. -
Negauve values-of gama will not produce a decay or retirement function but rather a penetration function with
‘increasing values. A gamma value of Zero ylelds a stralght horizontal line at the 50% share mark. This function )
implies that immediately after construction only half the floorspace remains, but it survives forever, and therefore has
no realistic economic meaning. Hence, gamma must be restncted to values greater than zero for the purposes of the
NEMS CommerclalModule e -
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Figure 9. Floérspaee Survival Function Sensitivity to Average Building Lifetimes. T

Average lifelime = 79 yecrs
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The gamma parameter 1mpacts final energy consumptlon by determmmg how graduaily the ﬂoorspace vmtage is

" retired. A large gamma causes nearly all of the vmtage to retire within a few years of the average bmldmg lifetime,

| which in turn results in replacement of the retmng ﬂoorspace with new construction in an equally uneven manner.
Uneven retu'ement and construction results i in rapid escalation of average eqmpment efﬁc1enc1es as large amounts of

- new equipment are rapxdly mtroduced resulting in an erratic consumpuon time path. '
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Figure 10. Afternative Gamma Assumptions and Results

Parcant Surviving

Buiiding Age

Average bmldmg lifetimes are posmvely related to consumption; the longer the average bmldmg lifetime, the more
slowly new construcnon with it's associated higher-efficiency equipment enters the market, prolongmg the use of the
lower-efficiency equipment in the surviving stock. ‘This scenario results in a higher level of energy consumptlon than
in the case of accelerated bmldmg retxrements and phase-in of riew construction. ’

N
[

The NEMS Commerc1a1 Sector Demand Module is deslgned to accept user inputs for gamma and medlan bmldmg
hfetune, by building type This ﬂenbxhty enables the Module to reflect the dxstmgmshmg characteristics of the .
dlﬁ'erent bmldmg types.
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" Surviving floorspace from previous years depends on both the composition of the base year (1992) CBECS stock

and all new floorspace added between 1992 and the current year of the forecast. In.addition, survival characteristics . )
' vay among building types. Specifically, in order to calculate the surviving floorspace ina given year, itis necessary
to consider the amounts and bmldmg types of all floorspace by vintage range, as well as the corresponding survival
parameters This is accomplrshed in the Commercral Module using a convolunonal approach as follows:

58

During the first pass through the algorithm, 'eiisﬁng c_:isacs floorspace ’oy building"type, Census Division,

_ and vintage range, is input from file KFLSPC.

The median year of construction for each vintage range is input from ﬁie KVINT Thece values also vary
with building type and Census Division._ ' '

e

The key building survival parameters discussed above are input from file KBLDG These include the

median lifetime for each building type, anda shape parameter (gamma) that characterizes the shape of the
Logistic Bmldmg Survrval Functlon used to represent the surviving proportion of ongmal ﬂoorspace asa
function of time, for each buﬂdrng type The mathematrcal expressron of the Logrstlc Burldrng Surv;val

Function is given by Equation B-1 in Appendrx B

Based on the bmldrng parameters descnbed in step 3., base year CBECS ﬂoorspace is backcast to new

floorspace in the original year of construcuon Conceptually, thrs is srmply the inverse burldmg retirement,
and is performed using Equauon B-2 of Appendix B. Basrca]ly, 1f the age of a given amount of ﬂoorspace
is known, then the original year of construction and the surv1v1ng proportron as given by Equation 15 or B-1
are also known The relauonshlp of these quanntres is grven by:

Survzvmg Stock = (Ongmal Stock) (Survzvmg Proportzon) . (16)

Dtvxdrng the survwmg stock by the surviving proportion gives the ongmal stock in the year of constructwn

 ‘This time series of new ﬂoorspacers sphced to the new ﬂoorspace obtained from the DRI forecast

(described below) to produce atotal hrstory of new additions to floorspace, starting with the ongmal stock
of the oldest CBECS vmtage (cm'rently 1825). Survrvmg ﬂoorspace in any given year is then calculated by

. usmg the appropnate survrval parameters to determme the proporuon of original stock that survives from
-each prior year into the current year of the forecast. This is accomplrshed usmg the mathematical process
" known as "convolution,” where , for each bmldmg type, the time series of new construction is convolved .

with the survival furiction to produce the time Series of surviving ﬂoorspace, which is evaluated for the
current yeat.- This calculation is shown by Equation B-3 inAppendix B. . '
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"In order to calculate new additions to ﬂoorspace in the current forecast year, the surviving floorspace calculated
above is combmed thh the DRI total floorspace forecast provrded by MAM as follows:

Lo Wrtlun each Census Dmsxon, the total amount of ﬂoorspace for each CBECS building type is calculated so
as to change from the prior year to the current year by the same proportion exhibited by the corresponding
combmanon of DRI bmldmg types. The mapping from the- DRI building types to the CBECS building types
is represented bya transformation matrix named DRItoCBECS The fourteen building types forecasted in
the MAM are: Amusement, Automotrve, Dormitory, Educahon, Health, Hotel, Manufacturing, Warehouse,

"+ Miscellaneous, Office, Public Servrce, Religious, Store, and Warehouse. New additions are obtamed by
. subtract:ng the survxymg ﬂoorspace forecast from the total CBECS ﬂoorspace forecast. For reasons
. described below, this is merely the first esumate of new additions to CBECS floorspace. .The calculation is
1ll,ustrated by Equatrons B-4 and B-6. Equauon B-5 srmply prevents negative new additions by replacing

such occurrences with zero.

7
7/
i

2. Due to differences 'betv»;een the CBECS and DRI data sources, the restits obtained in the previous step do’
not guarantee that the total ﬂoorspace growth rate for each entire Census Division will be in agreement.
Therefore, the growth rates by building type obtained in the previous step are uniformly modified wnhm

_each Census Dmsron is such a way that Census Division level growth rate agreement between the
Commercral Module and the DRI forecast is achleved This is accomphshed using Equauons B-7 and B-8.

3, New additions to floorspace for each CBECS building type are obtained by subtracting the floorspace
’ forecast as surviving mto the current year from the total ﬂoorspace in the current year calculated in step 2,
as shown by Equations B-8 and B-9, completing the forecast of new ﬂoorspace The final value obtained
for total ﬂoorspace is then glven by Equat:on B-10.

Thrs approach is necessary because the DRI floorspace forecast read from the NEMS Macroeconomxc Activity
Module is not available as separate forecasts for new additions and existing ﬂoorspace stock.

| Service -Demarrd Submodule

As_ ’indicated in Table 1, the Commercial Module partitions energy-coasuming activities in the commercial sector

into ten services. For reference, these are:
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| ’.mﬂ .Nm\ : R . '-’\ 3 - | . m

1 Space Heatmg (Major)

2 - Space Cooling - (Major) -

3 ‘Water Heating ) : _(Nlajor)

4 "Venﬁlaﬁon- L o ’ A ) . (Major) - ’
5 cookmg | - o)

6 ' Lighting . ., SR (Major)

7 Refngeranon | . e (Major)

8 Oﬁce qupment Personal Computers T .' (Minor)'
9 0fﬁcel§qu1pment-01herthan Personal Computers - g}/‘ . (Minor)

10

The Service Demand Submodule accounts for the dehvered energy for each end-use service demanded. The service
demand is sensmve toa vanety ofi mputs mcludmg base year (1992) energy use intensities (EUIs), base year '
efficiencies of equipment, efficiencies of building shells; short-term price elasticities, and weather“ Service
demands for Dlstnct Services and solar thermal apphcat:ons are considered separately ’

The base year EUIs represent the. average amount of energy reqmred to obtam a grven service for a defined area.
Currently the model i uses. EUI estimates developed from conditional- demand -analysis of the CBECS 1992 |,
consumpnon survey dlsaggregated by service, fuel type, building type, and Census Division. The. concept that fuel is
consumed in commercial buildings in orderto satisfy demands for the services enumerated above is central to the

- model. Servxce demand is defined as Btus out (amount of DELIVERED energy). qupment eﬁiclency or f
equipment Coeﬁcrent of Perfonnance (COP) of the technologles that meet required service demands, together with
the dlstnbunon of that eqmpment and the levels of service demanded, determmes the fuel consumpuon, or Btu

T mput. Efﬁcrency is deﬁned as the ratio of Btus ont to Btus in for a closed system, which is a system that does not..

draw from external sotrces for Btu transference The COP is a more appropnate measure of equipment performance '
where the systemls more open, asmthecaseofaheatpump Inthecaseoftheheatpump a small amount ofenergy

. is consumed in movmg a larger amount of heat between the interior and exterior of a structure, making the COP
greater than one, the theorencal maximum value for closed-system efﬁclency “The terms efﬁcrency and COP are

" Mimpacts on service demands due o price elasticity, weather, and the "rebound” effect are calculated by the End-Use
Consumption Submodule, based on the direct proportionality between fuel consumption and service demand. Thisis
pecessary because the fuel shares of provrded service are not known until after the selection. of the eqmpment mix by the
Technology Choice SubmoduIe .
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used mterchangeably in this report when refernng to the ratio of delivered to consumed energy. These terms are also
used where eitier ventilation or llghtmg is the semce, although the actual measure used in the model for ventilation
is cubic feet per minute of ventllauon air dehvened to Btus in and that used for hghtmg is efficacy, defined as Tumens
dehveted per watt of electnclty consumed

Sérvice Demand Intensity (SDI), deﬁced as the demand for a service per square foot of ﬂocrspace, varies with
service, building type and location; but is assumedto remain constait for a given service in a given building type and
"location. The service demand obtamed by multiplication of the SDI with the floorspace is, however, subjectto .
modification by various factors such as shell efﬁcxency and fuel price elasuclty, as described below ‘

‘ /
The service demand mtensm&s are computed for the ma_]or services by applying the composite average equlpment
efficlency for the semce to the EUL Th1s provxdes amore realistic picture of the energy needed to provide an end-
use service since energy Iosses occur dunng conversion to a consumable service. The base year EUI for a given

§emce is related to the SDI and the average efficiency of the base year equipment mix as follows:

Btu out Btu in B o |
SDI(?—) EUI( e )-cozgmx, o an

The actual calculation of SDI in the model involves several additional considerations, such as buildings from which |

- specific eqmpment is restricted, base year equlpment market shares, and the dxstnbutlon of Census Division level
equipment market shares across.the dlﬁ'erent building types In addition, smce the model accommodates fuel
switching, the total SDI for the service must be calculated, rather than an SDI correspondmg to each fuel used in
1992. The bas:c calculatlon illustrated by Bquanon 17is camed out by evaluauon of Equauons B-11 through B-19
in Appendix B for each major service. : :
Minor semces of foice‘Equipmem and "Other” are modeled at alevel of detcil coarser than that performed for the
major services. In particular, specific discrete minor service technologieé are not charactenzed -instead, the
‘efﬁclency of the composite mix of technologies for a g1ven minor semce is modeled as evolving relative to its base
year. (1992) Jevel. The actual base year average efficiency of the minor service equipment mlx is mdexed to equal

. one, resultmg in the minor service SDI and EUI values being equa] as indicated by Equauon B-20.

The basic computauon of service demand for a given service in a given category of floorspace (new or surv1vmg) is

the same for major and minor sérvices, namely
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Servzce Demand (Btu out) = SDI (Blﬁf-“—‘] Floorspace (ﬁz) o - @s)

-~

. The computauon ﬂlustrated above is aecomphshed in the Commercral Module by evaluatmg Equatrons B-21, B—26
-31 and B-32. - ’ :

 Building shell _efﬁciencies for new constrncﬁon are user inputs that canbe rnodiﬁed to generate scenarios to reflect a

variety of conservation policy options such as. increased insulation or weather-strippin'g or new highly energy-

y efﬁcrent construction-materials. Burldrng shell unprovements are assumed to aﬂ'ect service demands for both space
heating and space cooling. However, Commercial bmldmgs are typically not as “shell-driven” as residential .
buildings (lhey have less surface area pér conditioned cubic volume), and as comrnercial bnilding shell efﬁciency
improves, more internaily generated heat (from lrghtmg, computer equipment, people, ete. ) must ‘be removed by air

‘condmomng equipment. These two.factors often cause shell i 1mprovements to increase coolrng loads while beanng
loads are reduced. Asa result, an average coolmg load change is calculated based on the heatmg shell efficrency
index. The source of data for calculating the differential coohng effect isa report developed for the U.S. Deparlment
of Energy byl Lawrence Berkeley National Laboratory
The present shell efﬁcrencrec are mdexed to the average 1992 values by building type and Census Division. The

_heating shell efﬁcrency indices are modeled as incréasing to user-specified values in 2015 with lmprovement
continuing to 2020 at the same rate. For AE098, floorspace surviving from the base-year floorstock is assumed to
improve a maximum of 4 percent over tlie 1992 stock average by 2015, and new floorspace is assumed to 1mprove 6 ’
; _percent by 2015 relative to the efficiency of new constructionin 1992 (5 and 7 percent 1mprovement, respectlvely,

“ by 2020) Heaung shell efﬁcrencres are then u'anslated into cooling: shell efficiencies using coefficients based on

averaging the changes in cooling loads cansed by an improvement to the thermal integrity of the shell Changmg

shell efficiencies 1mpact the demands for Space Heatmg and Space Coohng servrces in the followmg faslnon

Servzce Demand = (Servzce Demand wzth 1992 shell) (Shell e_ﬁiczency mdex)
19

L lSSezgen, 0., E.M. Francom, JG. Koomey, SE. Greenberg, A. Afzal and L Shown, Lawrence Berkeley National .
Laboratory, Technology Data Characterizing Space Conditioning in Commercial Buildings: Apphcatwn to End- Use =

Forecastmg wzth COMMEND 4.0, LBL-37065 (Berkeley, CA, December 1995).
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' The calculations involved in computing the appropziate shell efficiency index and evaluaﬁng the eXpresst_on
" illustrated by_EquationAl9 are accomplished using Equations B-22 through B-24 and Equations B-27 through B-29.

The 1992 CBECS data indicated several diﬁ’erences in the proportions of b'uilding ﬂoorspace receiving services for
several ma_]or services. The most pronounced differences occurred between newer and older buildings. This effect
", has been captured and is accounted-for using equanon B-30 :

‘
Il

' , While the market for major services 1s assumd to be saturated, addmonal penetratlon of the mmor servrces of Office
Eqmpment (both PCand NonPC) and "Other” is miodeled. Forecasts of ‘continuing market penetration are prepared
"offline as described in Appendrx A, and mcorporated into the service demand forecast for these minor services using
equations B-33 and B-34. ' o ‘

The portion of service demand satisfied by solar space heatmg, solar water heating, and dayhghtmg is compnted
using exogenous forecasts for renéwable: energy for the commerclal sector. The penetration of solar energy changes
 the amount of servrce demand affectmg the end-use consumption for the major services. Thei mcorporauon of solar
. servxces in this manner provrdes a useful method for pohcy analysis. By varymg adoptton of these technologies in- .
response to policy mandates or incentive programs the effects on consumptlon of convennonal fuels can be
determined. The calculations involved in modeling the penetranon of solar services are performed by Equanons B-
35 and B-36. :

The short term price elasticity of demand is currently provided for space | heating, space cooling, water heating,
ventilation, cookmg, and lighting. The parameters currently included in the Commercial Module are setto -0.15 for .
these services. These values are representauve of esnmates provided in the literature as first referenced in Table A-
2. The elasticities reprecent the short-term price responsiveness of the aforementioned service demands in the -
model. The values for the elasticities must nececsanly be nonposmve since the services are normal goods, meaning
that, as fuel prices increase, the: quannty demanded of energy services declmes In order'to capture the effect of fuel .-
price changes on demands for servxces satisfied by eqmpment using the affected fuel, the service demand elasnclty
" 'calculanon is postponed un.nl after the fmal determmanon of the current year eqmpment mix as calculated by the

' Technology Choice Submodule. Because of the hnear relanonshrp ‘between service demand and fuel consumpnon,
as 1llustrated in Bquatron 17 above, a proportlonal change in servrce demand results in the same proportional change
in fuel consumptlon The servrce demand elasticity computanon is 1llustrated by Equation B-88. Equation B-88 also‘
" jllustrates the modification of pure price elasticity to account for the fact that improving equipment and shell
efficiencies reduce the actual cost of meeting certain service demands. Incorporation of this take-back" or
"rebound” effect, and the weather correction (descnbedm the End-Use Consumptlon Submodule secuon), is also -
postponed until the calculation of fuel consumpuon. ’
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The final responsrbrhty of the Servrce ‘Demand Submodule isto determme the amount of service demarid in )
surviving floorspace that becomes unsansﬁed in the cmrent forecast year due to failure of eqmpment. A srmphﬁed

‘ equtpment vrntagmg scheme is employed, where each year a proportron of each type of eqmpment fails, with the

poruon given by the rectprocal of the expected eqmpment lrfetrme expressed in  years. Thus, if the expected

. 'hfetlme for a particular piece of eqmpment were 10 years, the Commercial Module assumes that each year one tenth
" of the total amount of that equipment fails, "This relationship is used to split the total amount of servicedemand in

surviving floorspace into the po_ruon in néed of equipment replacement and the survrvrng portion, for satisfaction by

. appropriate decisions in the Technology Choice Submodule. The calculation of this split.is performed by Equations
B-37-and B-38. :

 Technology Choice Submadulé SR

, . ‘ -
: The Technology Choice Submodule models the economrc dectsron-makrng process by whrch commercral agents
choose eqmpment to meet their end-use demands. One feature of the current approach that dlstmgurshes it from
" alternative modelmg approaches isits representanon of the heterogenelty of agents in the commercial sector The
NEMS Commercial Sector Demand Module segments commercial agents usmg three behavior rules and six distinct
" time preference premmm categones This type of segmentation mcorporates the nonon that all agents do not '
consider the same set of parameters in the optrnnzatron wrthm the commercral sector. Some participants may display
speclﬁc behavior due to existing prejudrces regardmg certain equipment types or fuels In addition, the dtstnbutron
of time preference premmms represents a variety of commercial agents' attitudes about the desrrabthty of current”
versus-future expendrmres wrth regard to caprtal O&M, and fuel costs. \ :

Eachi one of the above marlret segments is faced by one of three decisions, 1) to purchase new equipment for new
. buildings, 2) to purchase replacement eqmpment for retiring equipment in existing butldmgs or, 3) to purchase
retroﬁt equipment or retain existing equrpment for existing buildings. ‘Within each market segment, the commercial
agent wrll search the avarlable technology menu for the least cost alternative within the constraints of the applicable
- behavior rule.. )

. Choosing the least cost alternattve wrthm a market segment involves a tradeoff among caprtal cost, fuel cost, and
operanng and maintenance (O&M) cost. In the case of renewable energy-consummg equipment, costs may also

.include the cost of backupeqmpment. The relahve 1mportance of each cost component is a. function of consumer
time preference. The NEMS Commerclal Sector Demand Module sets all other attributes of a technology constant
across choices, and these other attnbutes do not mﬂuence the technology choice decision modeled by the algorithm.
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Each technology is modeled witli’constaixt retums to scale.. This means that there is a proportional response between
capital, fuel and O&M inputs and the service output for these technologies. In addition, the iechnology costs are

‘ reprecented for comparison in such a way that, for a given total eost, a dollar increase in capital cost ieust'imply
more than a dollar decrease in fuel and O&M costs since the dollar spent today for capltal is worth more than any
ﬁmn'e dollar. Therefore, a tradeoff in the form of additional reductlon in other costs is necessary in order for the
percewed total cost to remain constant. In’ addmon to this tradeoff, this component allows for optional expectations
modehng, in that price expectations can be used to determine the fel costs over the expected economic lifetime of

" the equipment. : :

' ‘The algorithm is designed to choose among a discrete set of available technologies for each decision. The
Technology Choice Subinodule computes the annualized equipment cost per unit of delivered service as the method
of weighting the attributes (capital cost, fuel cost, etc.) to iievelop a composite score for the tecﬁhology. Choices
among the technologies are then’ made by mlmmlzmg the annualized cost. The annuahzed cost represents the
discounted flow of all O&M capxtal and fuel costs of the technology over its hfeume The technology is chosen by
minimizing the annualized cost per unit service demand (subject to constramts on the set of potenﬁal technologies
represented by. the behavior rules discussed below) The dlscount rate is embedded in this annualized cost through a
factor that converts the one time capital and mstallatlon costs into an equivalent annuity of equal annual payments
over the equipment lifetime. The basic form of the expressmn for eqmpment cost used in the Commercial Sector
Demand Module is: '

i

Annualized cost’

- - - = (annuznzed purchase & znstallatzon cost component)
unit of delivered service

(yearly O&M component) ‘ _ ' TR0

"

+ (expected yearly ﬁtel cost component)

~

The unit of service demand referred to above that is used'in the Commercial Module calculations i thousand Btu

' .delivered per hour for all end-use servxees except lighting and 'ventiletion. The unit of service dem‘and-used for
lighting is thousand lumens delivered and that used for ventilation is thonsand cubic feet per minute of air defivered.

" Consideration of the building capacity utilization factor is.necessary because, uilike the purchase and installation

costs, the yearly O&M ‘and fuel costs will vary debending on the intensity of equipment use . i

. 'The Commercial Sector Demand Module contairis the option to use a cost funcuon to estlmate the unit mstalled
capital cost of equipment as a function of time dunng the interval of eqmpment avallablhty, rather than limiting
technologies to specific models with eonstant costs durmg the model years  of availability.” The ch01ce to enable the

Energy Information Administration . -
NEMS Commercial Demand Module Documentation Report - 65



\

cost trend funchon is specrﬁed through the Commercxal Module user parameter CostTrendSwrtch. Currently, cost
trends represented are of logtsuc functional form and are, separated into three categories corresponding to technology
matunty Infant, emergmg or future technologxes, Adolescent, exlstmg technologres with significant potenhal for
further market penetratlon and price dechne, and, Mature, technologres not expected to decline further in cost. The

) _Adolescent and Infant categones require speclﬁcanon of the initial year of price decline, the year of inflection in the
price trajectory the ulumate price reducnon asa propomon -of initial cost, and a shape parameter gamma, governing
the rate of price decline. The Mature category corresponds to the previous constant-cost representation. The cost
trend function is enabled in the default mode of model operatlon, although lighting is the only service to use
wchnologles specrﬁed as Adolesccnt or Infant at the current time. The calculation of unit costs usmg the cost trend
function is prwented in equatlon B-45. ’

- The electricity prices used to develop the annuahzed fuel costs; in the default mode, are end-use speclﬁc prices
developed by wexght-averagmg time-of-day rates by expected nme-of use patterns. The' mcorporatlon of prices
relevantto a particular end-use service accommodates the move to competitive margmal pricing expected as-a result
of the deregulatxon of electricity markets. Average annual prices by Census dmsmn are used to develop the
asinualized fiel costs for the other major fucl. - |

_The actua] calculanon of the annuahzed cost for companson of candrdate technologxes is performed using Equation -

B-48. For dectslons regardmg space heating and cooling equipment, the calculation mcludes a shell efﬁcrency

factor, mcorporatlng the effects that building shell improvements have on annual fuel costs. The shell efficiency .

o factor, ﬂlustrated in Equatlons B-46 and B-47, uses the same shell efﬁclency indices calcu]ated in the Service

Demand Submodule

The costs that are relevant to the consumers and the menu of technologxes vary for different consumers and d1fferent
choices.. Therefore, a distribution of technologles, rather than a- s1ng1e technology, is. chosen when the decisions of

© ‘various consumers for various decisions are consolidated. A distribution is more representanve of consumer
response than a forecast which assumes all consumers choose the same technology. There are nme combmatlons of
commercral consumer behavror rules and declslon types with which technology chmce declsrons aremadeinthe

' _ Commercial Module. These are presented i in Table 10 and descnbed in greater detail below.

-~
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Table 10. Array of Teehnolqu Choices and Consumer Behaviors

New Equip'ment, Replacement’ Retrofit Decision,
LeastCostRule/ ~ | Equipment, Least Cost LeastCostRule -
’ 4 Rule : :

New Equipment, Replacement " | Retrofit Decision,
Same Fuel Rule Equipment, Same Fuel ‘Same Fuel Rule

/ ‘ ' Rule : -

. New Equipment, ) Replacement _\ Retrofit Decision,
Same Technology 'Equipment, Same Same Technology
Rule L Technology Rule Rule

) Behavmr Rules - i
: 'I'he NEMS Commercial Sector Demand Module simulates this range of economic factors influencing consumer
' purchase decisions by assummg that consumers use one of three behavior rules in their technology choice decisions.
These behavior rules are:
. . - E .
. ®  Least Cost Rule — Purchase the eqmpment w1th the smallest annualized cost thhout regara to currently
installed technologies or fuels used; ’
e  Same Fuel Rule Purchase eqmpment that uses the same fuel as existing or reunng equipment, but thhm
" that constraint minimize costs;
®  Same Technology Rule - Purchase (or keep) the same class of technology as the existing of rennng
equipment, but choose the model within that technology class that minimizes the annizalized costs..

The same basic decision logic apphes to all of these mles, but the behavior rule determmes the set of technologles .
from which the selection is made. A consumer following the least cost behavior rule chooses from all available .
" technologies and all available fuels. A consumer following the same fuel behavior rule chooses from a more -
restrictive array of technologies. A consumer following the same technology behavxor nule would select from one

. class of technologies, choosmg among all avallable models of eqmpment in that class.

As discussed above, the Commercial Sector Demand Module segments-consumers into three behavio_r rule
‘categories. Ideally, survey data would provide-an indication of what proporlion of the commercial sector follows
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eachrule. The Technology Choice Submodule currently incorporates propomons by bulldmg type and’ dec1smn type
"based on an analysis of data from CBECS 1992. "Data regardmg the ownership and occupants of commercial -
bmldmg forms the basis of propomons of the market that act according to each behavior rule for each decision type.
Special considerations and interactions between the behavxor rules and decision types are descnbed in the sectionon
decision types. ‘The CBECS 1992 data is combmed wnh other data charactenzmg consumer behavmr obtamed from -
published literature to develop the behavior.rule proporuons mcorporated in the Module. Changmg these
proportions 1mpacts final consumpnon estimates. '

-

- Supportmg data from CBECS 1992 mc]udes bmldmg stock ownershlp paﬁems for 1992 Thts data is presented in .
Table 11. The categones provided are:

. Total Floorspace.of All Binldmgé

°

° Total Floorspace of All Nongovemment Owned Bmldmgs
° .Owner Occupied - ’

L4 " Nonowner Occupied

L)

Speci.tic ownership categories are developed from this data, including but not limited to: ...

0 Nongovernment, Non-owner Occupled, wluch is the dxﬁ'erence between Total Nongovernment Owned and
‘ Nongovemment Owner Occnpled and )
L Govemment Owned, wlnch is the dlﬁ'erence between Total Floorspace and Nongovernment Owned
i
- } s
\
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" Table 11. Floorspace Ownership and Occupancy

Total : - ,
Total R Nongovernmen  Nongovernmen! ) Nongovernmen - Self Specuistive
Floorspace Governmer Owned  Owned Owner Occupiec - Non-owner Occupied ‘Bulk  Developer
(Moq.n) (Bdeqt) percent (MMeqf)  (MMeqf)  percent (MMsq.ft). "percent _ percent _peccent
Assembly 8303 1358 164% . 6845 ST 698% M6 138%  S20%  -8.0%
Edocation 8470 8062  822% 1,508 1402 188% 06 13%  090% - 1.0%
Food Sales 757 0 0.0% 757 584 74% 113 229% 50.0% 50.0%
Food Service 1491 157 105% 13% 107 - 722% 258 173%  S00%  S00%
| Health Care 1,763 521 208% 12¢¢ 110 6456% 108 S58%  850%  150%
eooging.” | 281, e t2e% | 252 22m2.  788% 248 88%  800%  200%
MeccantiiaService | 124027 10838 87% 11,319 7797 629% 352 284% 250%  750%
ofices 12319 165¢  134% 10,665 7848 - €% . 2817  220% 0%  700%| .
Warshouse 148 9 52% 10,885 7829  682% 305 . 266% . S00%  500%
Other 7008 2421 303% 5577 | 269 :2% 2020  365%  500%  500%
TOTAL: 67,678 15126 223%  82TR - 38408  566% 14349 211% 552%  448%

\

This drsaggregauon, combined with analysis of consumer behavror literature, results in the behavror rule proportions. -
-The methodology to develop these propomons is described below The three issues that are exammed to determine
which behavior rule applies are construction, ownership, and occupancy. Appendlx A provrdes addmonal
documentanon and sources for the mformauon in Table 11 and this discussion.

The behavior rule tltat'app]ies when constructing new buildings is sensitive to the party that is financing the ,
construction. The behavior in selecting equrpment in new constructlon is assumed to differ between those projects
that are self-built and those that are built by speculanve developers For each bulldmg type, a proportion of self-built
to developer-burlt is assumed. ‘

The ownership and occupancy of buildings provides' some insight into the proportions for the replacement’and -
retrofit decision types. Ina replacement decision case, 1t is assumed that govemment and owner occupied building
- will replace most equipment with either the same technology ora technology that uses- the same fuel. Owner
occupred floorspace i is likely to have similar propomons between same technology and same fuel rules. Renter
occupled ﬂoorspace is most hkely to simply replace the existing technology with the same technology. .

The general descnpnon of the technology choice procedure glven above does not mean that all consumers srmply

minimize the costs that can be measured Thereisa range of economic factors thatmﬂuence technology choices-
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'whrch cannot be measured. For example, a hosprtal adding a new wmg has an economic incentive to use the same
fuel asin the existing bmldrng There are also economic but non-measmable costs assoclated with gathenng
mformauon for purchase decisions, and managenal attenuon

Decision Types and Their Relationship to Behavior Rules, .
. Besides providing behavior rules to determine how consumers select technologres to met therr service demands, the
model must ﬁnmsh a rationale for purchasing the eqmpment in the first place. The reasons for purchasmg equipment
are refexred to as decision types and described below. There are three equipment purchase decision types for
commercral sector consumers These decision typec are:

New - Choose equipment for new burldmgs,

Replacement - Choose replacement eqmpment for retiring equrpment in exrsung buildings; ‘
° Retrofit— Choose retrofit equipment to replace equipment that continues to _functlon in existing buildings,, -

" or leave existing equipment in place. ‘ - B .

Prevrously, the Servrce Demand Submodule computed the total amount of service demand falhng into each ofthe
three Decision Type categones grven above The Technology Choice Submodule must ﬁrst determine the mix of
eqmpment and corresponding fuel shares represented in the Replacement and Retroﬁt Decision Types. Thisi is
accomphshed by Equations B-39 through B-43 given in _Appendrx B.

For pew burldmgs, consumers using the least cost behavior rule choose from among all current technologies and all
fuels. Idenuﬁcahon of the Jeast cost equipmient from the perspective of each consumer ume preference segment is
made using Equauon B-50. Consumers usrng the same fuel behiavior rule choose from among current technologles
which use the same fuel as in surviving burldmgs (bmldmgs that do not reure) Idenuﬁcatron of the least cost'

' equrpment for each fuel from the perspective of each consumer time preference segment is made using Equation B-.

. 51. Proportions of consumers in this category who choose each fuel are assumed to equal the overall fuel shares that
prevarled in existing buildings during the previous year, which is reﬂected in the individual terms of Equation B-54
Srmrlarly, the identification of least cost models for each technology for the consumers followrng the same

. technology rule is ﬂlustrated by Equation B-52 As thh the same fuel rule, the proportrons of consumers within this,
* segment that stick with each particular technology class i is assumed to equal the overall market share distribution of
those technologres wrthm exrsung burldmgs durmg the prevxous year, as reflected in the mdrvrdual terms of Equauon
" B-56. ‘
. S \

. For equipment replacement decisions, consutners using the least cost behavior rule choose from among all current
technologres, as illustrated again by Equauon B-SO Consumers usmg the same fuel behavior rule choose from
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among current technologies which use the same fuel as was used by the retiring equipment. The proporﬁons of
consumers wrthmthesamefuelruleauempnngtopreservetheuseofeechfuelareequaltotheﬁlelshares
represented in aggregate by the eqmpment in need of replacemcnt, as reﬂected in the individual terms of Equanon B-
- 55. Consumers usmg the same technology behavror rule choose the least costly vintage of the same technology as
the technology in need of replacement. As wrth the same fuel rule, the proportions of consumers within the same

technology category attemptmg to retain equipment within each technology class are equal to the market shares of
* retiring eqmpment classes within the aggregate service . demand in need of replacement, as reflected in the individual .
terms of the right side of Bquatlon B-57. . : ‘ ‘

-

For the retrofit decision, which involves ﬂiechoice of retaining equipment that conti_nues to function, or replacing it
with equipment in order to reduce costs, the costs of purchasing new equipment as described above must be
compared against the cost of retaining existing equipment. In order to make this comparison, the existing equlpment :
capltal costs are considered sunk costs, meamng that these costs are setto zero. If retrofit equipment is purchased
the decision maker must pay | the capitat and mstallanon costs of both the existing eqmpment and the retrofit ,

& equipment. Ifexlstlng equipment is retained, the declslon maker continues to pay just the capital and installation

costs of the existmg equipment. Therefore, the capital and mstallanon costs of existing equipment are netted out,
) since it is irrelevant to the retrofit dectsxon (This analysis assumes zero salvage value for existing equipment). The

' ', cost calculation is s1m11ar to that illustrated by Equation 20 above, except without the purchase and installation
component, However, the cost of removing and disposing of existing equipment must be considered. This cost is
expressed in the Commercial Sector Demand Module tech'nology characterization database as-a specified fraction of
the original purchase and installation cost, and is annualized over the equipment lifetime. The resulting calculation
of annualized cost of retaining exlsung eqmpment is given by Equanon B-60. As in the calculation of the annuahzed
cost of new equlpment, the annualized cost of retammg existing space heating or cooling eqmpment includes the
shell efficiency factor illustrated in Equations B-46 and B-47, mcorporaung the effects that bmldmg shell

1mprovements have on fuel costs.

’

For the equipment retrofit decisjon, consumers using the least cost behavior rule choose from among all current
technologies, comparing the cost of each as exprecsed-by Equation B-48 against the cost of retaining the existing

: equipment as expressed by Equation B-60, and choosing the least cost result, as illustrated by Equation l3—61'
Consumers using the same fuel behavior rule choose from -among current technologles whlch use the same fuel as is

' currently used by the existing equipment, again companng the cost of each agamst the cost of retaining the exlstmg
equlpment, and choosing the least costly alternative, as indicated by Equatlon B-62. Two opnons are available in the
Commerclal Sector Demand Module to represent the choice behavror of consumers using the same technology
behavior rule for the equipment retroﬁt decision. One option, used i in the AEO98 reference case, is to allow
selection from among available models in the same technology class, companng the cost of each. agamst the cost of
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~ retammg the existing equipment, and choosmg the least costly altemauve, as rllustrated by Equatron B-63.
Alternanvely, all consumers using the same technology behavror rule may be assumed to retain their existing -
) eqmpment, as indicated by Equanon B-66. The. chorce of methods is specified through the Commercial Module user
' parameter named S'I'RetBehav

o The equipment selections made for each of the decision types and behavior rules described above will vary

) accordmg to the ume preference held by the consnmer These time preferences are discussed below in preparation
for the descnptron of consohdatton of eqmpment choices to obtain thie final eqmpment market shares
Consumers have different preferences on the value of money over time tthe value of money novv versus the value of
" money at some future time). Consumers discounit rates can betied to many attnbutes of personal preference orin
. many cases to age cohort. For example, older consumiers may have a hrgher time preference premium because they .
may have a shorter expected time over which they expect to enjoy the money . . ..
This distributioh is a function of factors aside from the market interest rate that render current dollars preferahle to
-future dollars The Commercial Sector Demand Module is designed to accept a drstnbntlon of time preferences as
input. Thisisa drscrete dlstnbutlon, it takes the form of a list of real time preferences (premmms to the risk-free
interest rate), and a proportion of commercial consumers corresponding to each t1me preference. The time
preference distribution is modeled mdependently of the-behavior rules. The time preference results in differences in
. consumer preferences between capital costs (paid initially) and fue]l and O&M costs (mcurred over the lifetime of the
eqmpment)_. The value of the consumer’s time prefer_ence interest rate premium influences the annualized installed
capital cost th'rough'an'annuity payment financial factor based on the 10-year Treasurybond rate and expected
physical equipment lifetime. =~ L :
-The distribution of the consumer s interest rate premium impacts results in several aspects. If the drstnbutlon is
denser at the hrgh premmms, the annuahzed cost of caprtal for all new eqmpment will rise. Higher annuahzed
capital cost implies that fewer buildings will be retroﬁtted and that equipment thathas a hrgher mstalled capital cost

- isless likely to be chosen over a technology'wrth alower mrtlal cost and higher operating and fuel costs Typlcally,

those technology and vintage combinations with hrgh mstalled caprtal costs are high efficiency pieces of equipment,
so that the indirect effect of this scenano is that fuel consumptron is likely to be higher. The values currently used in
the Commercial Sector Demand Module have been developed using case stidies on the payback penod or time~
preferencec regardmg the adoptlon ofa specific technology For AEO98, the distribution of consumer time ,

- preference premmms is assumed constant over the forecast honzon. However, the model allows variation in the

1]
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distribution on an annual basis to accommodate simulation of policy scenarios targeting consumers’ implicit discount
rates. The module cm‘rently uses expected physical equipment lifetime as the discount horizon.

Consolidate Choieos From Segments
Once the technology choices have been made for each segment represented for a given end-use service; these choices

must be consohdated in order to ohtam eqmpment market shares by building’ type Census Division, and decision
type for the end-use 'From these market shares, average efficiencies of the eqmpment mix and fuel shares may be
obtained, with which the Consumption Submodule calculates fuel consumpuon

The first step in consohdauon involves eombmmg the results obtamed from the perspective of each consumer time
preference segment to calculate market shares of equipment within.each. behavior rule segment of each decision type
Since a given tune preference segment makes only one eqmpment selection for a given decision type and behavior
rule, the market share of a glven equipment type is computed for tha decision type and behav:or rule segment by
simply adding up the propomons of consumers contamed in each time preference segment that selected that
eqmpment. This is the calculation performed by Bquauons B-53 through B-57 and B-64 through B-66 with the -
factors associated with same fuel and same technology proportlons described prevmusly

Table 12. COnsoliélating Service Demand Segments I

Variable by Which Service Demand Weighting Variable for Consolidating Segments
- was Segmented S - '

. Behavior Rule | Behavior rule service demand proportions

Consumer's Time Value of Money Preference Consumer time preference proportions

The next step in‘the wnsoﬁdauon process is to calculate the market shares of equipment within each decision type, )
 consolidated across the behavior rule segments. This is done using Equations B-58, B-59, and B-67 to obtain
- equipment market shares for the new, replacement, anci retrofit decisions, rec;tectiwiely. This and the previously- .
" described consolidation may be viewed as weighted sums, using as weights the quantities described in Table 12.

After this point, all eqmpment used to provxde the major servxcec receives 1denucal treatment, but the calculation of
eqmpment market shares described above differs for the Case of heat pumps, and deserves separate mention. The

. purchase decision of heat pumps is integrated to provxde both space heating and space cooling: This is désirable
because selection of the same heat pump for two services 1s not realistically accomplished using two independent

I
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decisions. Furthermore. if the uuhty of the heat pump for provxdmg addmonal services i§ not considered durmg the
purchase decmon, then the total heat pump cost may appear unreasonably high in companson with other equipment
. provxdmg the semce under consideration. Both of these considerations have been resolved in the cirrent version of

. the Commerclal Module using the following approach:

" First, heat pumps are assumed to.bé purchased primarily duzing the comse of satisfying demands for space heating.
Heat pumps compete with other available space heatmg equipment in the normal-fashion during the technology
choice process with one notable exception: The installed capltal cost of the heat pump for heating is not the total
cost ofpmchasmg and installing the heat pump, but rather the mcremen:al cost of doing so over and above the cost

.of purchasing and installing a standard cooling equipment selection ‘specified by the user. This captures the fact that
the heat pump provides. both space heating and space cooling, yet has‘only onepurchase and installation cost. This - -
adjustment to the instafled capltal cost retrieved from the technology charactenzatlon database is performed using
Equanon B-44. ‘
Dunng the technology chmce process for sausfymg space cooling semce demands heat pumps are excluded from .
selectlon. Instead, market shares of coohng service demand satisfied by the'heat pumps selected to prowde space
: heatmg are explicitly compuwd This is accomphshed by assuming that the ratio of cooling to heating delivered bya
* heat pump over. the course of the forecast year is equal to the ratio of coolmg degree days to heating degree days for
the Census Division under consxderatlon. From this assumptlon, the amount of cooling service demand satisﬁed by .
heat pumps is calculated, and hence their market shares of cooling i serv1ce demand. This calculation is performed by
Equation B-68. In order to account for the fact that eqmpment shares of cooling eqmpment other than heat pumps

_apply only to that portion of coolmg service demand not satisfied by heat pumps, a final correcuon of the non heat

pump market shares is then perfomd by Bquauons B-69 through B-71. ‘

* Fuel shares of service demand for the major services dnd fuels are calculated m a stralghtforward manner, by s1mply '

. summmg the equipment market shares of service demand of equipment usmg a given fuel. This is the calculauon

= performed by Equauon B-72 w1thm the declslon type segments by end-use, fuel type, bmldmg type, and Census

Dmsmn, and by B-74 consohdated across.decision typés. Equauons B-80 through B-82 calculate ‘the fuel shares by -

, decision type, end-use, fuel type, and Census Du_asmn consolidated _across bmldmg type.

Average efficiencies of the eqmpment m1xes within various segments are calculated usmg the inverse wexghted

" efficiency approach exhxblted by Equations ] B-73 B-76 through B-79 and nationally by end-use and fuel usmg
Equatxon B-83. The particular form of the ayeragmg is nedessary because efﬁctencxes possess units of delivered to ,
consumed energy, whereas the equipment market shares used as weights -are proportions of delivered energy. Only if
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: the equihmentmarlét shares were expressed as proportions of consumed energy would the average efficiency of the
equipment mii be obtained using a s_itnp_le weight'ed sum of market shar_es and correspondmg efficiencies.

Finally, ﬁtel shares and average efﬁctenctes are detenmned for the minor services, thhout eonsxderatlon of
mdrvrdual equrpment choices given to the ma;or services. As described prevrously, the 1992 average eﬁcrencres for .
the minor servrees are indexed to umty, and an exogenous forecast of minor service eﬁctency mprovement is.
employed. Mmor service average efficiency for the current year 1s calculated from the value for the previous year.
The exogenously-spectﬁed efﬁcrency growth rate is shown in Equanon B-84. Minor services are further assumed to
" use only electricity, and to possess identical average efficiencies for all dectsron types and bmldmgs wrtlnn agiven
"Census Dmsnon and year, as 1llustrated by Equatron B-85.

" Technology Menu

Equipment avarlablhty, installed caprtal costs, removal and dlsposal cost proporttons of mstalled cap1ta1 costs,
operatmg and maintenance costs, butldmg restrictions, energy efﬁctencxes, lifetimes-and technology cost trend
parameters are specified exogenously. Eqmpment avarlabrlrty pertams to the set of technologies currently in the
marketplace during a particular forecast year; not all avallable technologies are economlcally feasible, and therefore
may not be selected. The menu of potential technologres mcludes technologres which are currently under

_ development to be introduced over the’ forecast perlod Equipment supply i is assumed to be unlimited for
commerctally available technologres, with umt costs either fixed or declmmg accordmg to the appropiiate cost trend
function. The other eqmpment charactenstlcs are assumd fixed fora g:ven technology and vmtage once it is

commerclally available.

These technology characterizations are important, since improper estimation can cause substantial aberrations in .

~ market behavior over the forecast period. As an example, assume that a new high efﬁciency piece of equipment

, becomes available in a speclﬁc forecast year. If the costs of the new piece of equipment are foo low.relative to other
equipment for the service then too many new, replacement, and retroﬁt decisions will be drrected to tlns eqmpment,
in turn unrealistically reducing overall energy eonsumpuon and increasing ? the average equipment efﬁcxency,
although the behavror rule proportions dampen this effect. For the case of certatn prototypical or "design-stage”

" technologies clm'ently not avallable in the marketplace (or currently notin producuon), engineering specifications
form the basis of the technology characterization. These costs may differ- markedly from the actual technology costs
' when the equl,pment is introduced to the real-world marketplace over the forecast honzon.

The 1992 mmal htstoncal market shares are-baséd on an analysrs of CBECS 1992 data. The.years of equipment

' avatlabthty are based on current market condltlons and research as well as mandated federal efficiency standards,
" 'This window in whlch each technology is avatlable constrams the technology chorce menu for all decrsxon types For |
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i example, dlsnllate-ﬁlel fired furnace currently available i may no longer be avarlable in 1998 due to federally
mandated minimum eqmpment efﬁcrency standards I :
End-Use—Consdmbtian Submodule \
The End-Use Consumption Submodule models the consumption of fuels fo satisfy the demands for end-use services
computed in the Service Demand Submodule Addrttonally, the End-Use Consumpnon Module forecasts the
' consumpuon of fuels to provide- dxstnct services and cogeneratxon of electnctty in the commercial sector, and
agcormts for the use of solar thermal energy to provrde space heanng and water heating. -
' ; N ’
The pnmary mputs to the End-Use Consumpnon Module are the service demands calculated by the Service Demand
Submodule, and the fuel shares and average eﬁiclencxes forecast by the Technology Chorce Submodule. Together, '
these quantities allow a basic calculanon to be made for consumpnon of the major fuels that has the same form for
| both the major and minor services. This calculatron, given by equauon B-86 makes use.of the definition of average
efficiency to obtain- the forecast of consumptron by fuel, end-use, building type and year, by simply dividing that
. porhon of the end-use service satisfied by a grven fuel by the average efﬁcrency of equxpment usmg that fuel. A
value of zero for the average efﬁcrency mdrcates that no equipment consummg the given fuel is used to satisfy the
service, and in this case the corresponding consumptlon forecast i is exphcltly set to zero. Because the units carned
for lighting service demand and eﬁcacy dxﬁ'er ﬁ'om those of the other services, a special conversion factor must be
applied to the lighting result, as shown by equatlon B-87.
The basic estimate of fuel consumpuon descnbed above is s that projected to occur if all condmons other than the
amount of ﬂoorspace, the bmldmg shell efficiency, and the equipment mix were identical to those found in the base
year (1992), and consumers were only concerned with fuel pnces in so far as they 1mpacted the equipment purchase :
\dectsmns Since conditions other than those mentioned above vary with time, and consumers are also concerned .
with fuel pnces when usrng the eqmpment theyt have purchased the basic estimate is subject to modlﬁcauon by
several considerations. :
First, aprice elasncrty of service demnd may alter the consumer's demand for aservice as a recult ofa change inthe
fuel price. Asanexample, anmcreasemthepnce ofdtsnllateheanng oil maycausetheconsumertomamtamthe
ﬂoorspace at a' somewhat cooler temperature in the winter ‘than would have been the case thhout a price increase.
_ While this consideration should loglcally be made where servrce demands are calculated in the Service Demand
Submodule, itis not possible at that pomt because the mix of eqmpment using each fuel is not caiculated until the
Technology Choice Submodule has completed its forecast. However, the calculanon is easily made by the End-Use

i
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’ Consumptlon Module because of the dnrect proporhonahty between service demand and fuel consumptton, as can be
seen in equahon B-86; thiat is, a percentage change in servrce demand corresponds to the same percentage change in-
fuel consumptton The first term in equation B-88 shows the calculation and application of the short-run price
elasticity of demand to modify the basic consumpnon’ estimate obtamed by equation B-86. This is done for the end-
. use services of space heating, space cooling, water heating, vennlanon, cookmg, and lighting. -

Anotlter consideration that affects the consumer’s demand for services is known as the "rebound " or "takeback"
effect.. Whtle fuel pnce mcreases canbe expected to reduce demand for services, this can be partially offset by other
factors which cause a decrease in the marginal cost of providing the servrce “Two.such factors modeled by the End-
Use Consumption Submodule are the responses to increased average eqmpment efficiency and improved building
shell efﬁcrency The proportronal change in the margmal cost of service provision due to movement in each of the
aforementioned factors relative to their base year values i is calculated, and combined with the price elasttcrty of
service demand parameters to yreld the computed effect on, fuel consumption, as shown by the second and third
terms of equation B-88. Because these modifications to the basic consumption esnmate are each multiplicative,
equation B-88 is capable of accommodating mdependent changes in each of the underlymg driver variables (fuel
price, average equipment efﬁcrency, and building shell efﬁcrency) regardless of the directions of movement. Whtle‘
. the rebound effect due to equipment efficiency mprovement is considered for the end-use services of space heating,
space coohng, water heating, ventilation, cooking, and lighting, the effect due to building shell improvement is
considered only for space heating and space cooling. ° ) '

A final modification to the basic estimate of fuel oonsumptlon is made in the form of 2 2 weather correcuon, which
accounts for known weather abnormalities during historical years. of the forecast period, and differences between the
base year (1992) weather and "average" weather anncrpated for future years. The basis for the weather correctron is
the number of heatmg and cooling degree days by Census Division for the years 1990 through 1995, together with

‘ the long term average of each. Because 1992 is the base year for the key Commercral Module parameters, the basrc
forecast for consumption in other years to prov1de space heating and space coohng is modified by considering the
heating and cooling requirements in that year  relative to those prevailing in 1992 This is accomplished using a
,multtphcattve factor equal to the ratio of the appropnate degree-days, as shown by equatlon B-89. Values for 1997

. have been extrapolated using data through August of that year. Years after 1997 are assurned to exhibit the long-
‘term average number of heatmg and coohng degnee days, by Census Division.

Applying' the- price elasficity and rebound effect considerations, together with the weather correction, to the basic
estimate of fuel consumption by end-use provides an enhanced forecast of demand for the major fuels of electncrty;
natural gas, ‘and drsnllate by equipment directly satrsfymg the 10 basrc end-use services. Consumption of the mmor
fuels of residual orl, hqmd petroleum gas, steam coal, motor gasohne, and kerosene is calculated using a different
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approach, asis consumptron for purposes not yet exphcltly modeled -These mclude consumpuon for the .
) cogeneratron of electricity, consumptron,/ to provxde drstnct services, and "non-building" consumpuon (consumptlon
inthe commerclal sector not attnbutable to end-uses thhm buildings, such as street lrghtmg)

With the exoeptlon of motor gasohne consumptron of the minor fuels is forecast using elasucmes denved from
historical minor fuel consumphon and pricing data. The historical data, obtained from the State Energy Data System
(SEDS), spans the 23 year penod from 1970 to 1992, for each Census Division. The estimated elasticities are
apphed to the forecasted minor fuel pnoe to yield a forecasted minor fuel EUL Combrmng this EUI with the
forecasted commercial floorspace produces the forecast of minor fuel consumpuon The entire calculatlon is given
by equatxon B-94. _ . . . ) . -

- Motor gasolme oonsumpuon is forecast by replrcatmg SEDS data for the years 1990 through 1994, followed by the
- Short Term Energy Outlook (STEO) forecast for 1995 through 1998, after which a growth rate derived from the .
SEDS historical analysrs is apphed to obtain the forecast for future years. The approach is shown by equations B-95
 and-B-96. e K : ’
The End-Use Consumptxon Submodule also forecasts the amount of planned and unplanned nonutility generatlon of
, electnclty by the commercnal sector (cogeneranon), together with the incremental quantities of fuels consumed in
order to provide the cogeneration. The baseline forecast of cogenerated eléctricity by fuel and Census Division for
the  years 1993 and 1994 is derived from processing of form EIA-867 survey results. Corresponding quanﬁties for
future years are forecast by consrdenng ﬂoorspace growth and' fuel prices, together with cross-price elasucmes o
-between the major and minor fuels and electricity, as shown by equation B-97. In addmon, several fuels are
- involved with the cogeneration process for whlch cross-pnce elasticities are unavarlable or not ‘applicable. These ',
addmonal fuels are the renewable fuels together wrth cogeneraung fuels not consrdered elsewhere in the NEMS
.Commerclal Sector Demand Module, and mclude hydroelectnc power, geothermal mumclpal solid waste, bromass,
solar, other gaseous fuels nuclear, and wmd energy sources. Bquat:lon B-98 shows the cogenerated electricity
calculatron for these fuels mdrcatmg the assumption that their use for commercial sector cogeneranon grows
proportionately with commerclal ﬂoorspace The forecast of total electncxty cogenerauon is drsaggregated into
_'planned and unplanned components for feporting purposes using an input historical ratio, ds shown by equations B-
99 andlB-lOO ‘For production of the AEO|98 the proportion of cogenerated electricity that is unplanned was-
calculated usmg an h:stoncal ratio of 3298 Jn addmon, an assumptlon is made that all cogenerated electnclty is
sold to the gnd as mdxcated by equatron B- 101 cooe ‘
" *Having obtamed the forecast of electricity produced by cogeneratlon, ﬂxe next step mvolves the calculatton of the
mcremental quantmes of fuels consmd during the cogeneratron process. The fuel consnmpuon is referred to as

: Energylnformauon Admrmsuauon
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- incremental because equipment used for eogeneratton usually serves another funcnon, whlch would reqitire fuel
consumptlon even in the absence of cogeneratton of electricity.. The assumptron that the e1ec1nc1ty cogeneration is a
byproduet of the generation of only that amount of thermal energy that would be nieeded in the absence of '
eogenerauon is used, together with an mput ratio of generated thermal energy to eogenerated electnctty, to compute
the amount of useful thermal energy produced An additional i input parameter characterizing the difference in
equipment efficiency when producing useful thermal energy in cogeneration mode as opposed to nofmal .operatlon,‘ '
by fuel, is used to compute the incremental fuel consumed during the cogeneration process. Specifically, the
parameter is equal to the difference between the reciprocal of the efficiency of cogenerating equipment in generating -
" thermal energy only and the recxprocal of the efﬁcrency of comparable eqmpment which is only used to meet a B}
service demand, by fuel. The calculatxon of fuel use is grven by equation B-102 Equation B-103 simply reflects the .
accounting for electricity cogeneratlon fuel consumpnon in the total forecast by the End-Use Consumption
Submodule. :

The final component of the forecast assenibled by the End-Use Consumption Submodule is an estimation of the

_ quantities of fuel consumed in order to pro\.ride the district servrces of space heating, space cooling, and water
heatmg District services involve the localized production of steam  energy that is used to provide d1stnbuted end-use .

services over a wide area, such as a campus énvironment. Estimates of the steam energyE[H by Census Dmsron,

building type, and end-use service for district services were prepared separately from those prekusly described for

the standard end-use services. These are used in conjunction ‘with typical efficiencies and fuel shares for the boilers

providing district services, together with the ﬂoorspaee forecast, to produce the forecast of fuel eonsumptmn for

district services, as shown by equauon B-104.

The consurnptio'n forecast by Census Division, fuel, and bnilding type is incremented by the district servxce

' consunmtiod estimate just described, as shown by equation B-106. Aggregation of this result across building types

. yields the forecast of fuel consumption by fuel and year at the Census Division level required by the other NEMS

modules, as shown by equation B- 108 Another aggregation across fuels and Census Divisions is performed to

- obtain the natlonal-level forecast of total energy consumpuon by building type, to which is a.dded the use. of solar

thermal energy for space heatmg and water heating, as shown by equatlon B- 109 Additional results are also

’ aggregated in various ways to satisfy reporting requirements, ‘as illustrated by the End-Use Consumption equattons

not dtscussed One final consumption component, that of nonbuilding consumptton, is calculated in the

Benchmarking Submodule, described in the next section. ’
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B_enchmarking Submodyle o

The Benchmatkmg Submodule reconciles the fuel consump’aon forecast produced by the End-Use Consumpnon

Submodule with data from the State Energy Data System (SEDS). SEDS represents the collectxon of historical fuel

consumption data chosen to serve as a-standard for the NEMS system over the historical period of the forecast.

) Addmonally, the Benchmarking Submodule provides an optlon for cons1denng results from EIA’s Short Term

Energy Outlook (STEO) for the near term immediately beyond the last year of SEDS data availability. Definitional

:d:fferences between SEDS and the Commercial Buildings Energy Consumption Survey (CBECS), upon which the

‘ Commercial Sector Demand Module is based, are used to construct a forecast of commercial sector fiel consumpnon

not attributable to end-uses w1th1n bmldmgs ) )

Equatlon B-110 illustrates the calculation of the “SEDS mistie,” or discrepancy between the End-Use Consumptlon |
" Submodule results and SEDS data, during years for whlch SEDS data exist.. The SEDS data is first corrected for
certain components of the commerclal data that the NEMS system attnbutes to other sectors.. These ‘components are
. represented by the vanablee TranFromSEDS which is commercial sector transportatlon-related consumpnon, such
 as that by AMTRAK (modeled by the NEMS Transportation Module), and NUGFromSEDS whlch is consumptlon
for nonunhty generat:lon (modeled by the NEMS Electncxty Market Module) :
Because SEDS data are estimates of all consumption by the commercial sector, whereas CBECS applies only to "
consumption within commercial buildings, the difference between the End-Use Consumption Submodule’s CBECS-
based fuel consumption forecast and the adjusted SEDS data is attributed to fuel consumption for nonbuilding uses,
as shown by equation’B 111. This assignment is performed during each year of the forecast period for which SEDS -
datai is avaﬂable The use of the SEDS data thmugh the year indexed as MSEDYR+1 in these calculations reflects
the fact that reliable estimates ‘'of SEDS data are avaﬂable for an additional year beyond the latest published SEDS
results andareusedmthesamemanneraspubhshedSEDSdata. o

After the final year of SEDS data availability, fuel consumpuon for nonbmldmg uses is forecast to grow at the same ‘
rate as commerclal ﬂoorspace This expectation follows from the observation that, while not representmg fuel
. consumption within buildings, the nonbmldmg uses are generally asseclated w1th commercial buildings, as in the .

- case of exterior hghung of parking lots. The forecast of SEDS-based consumpnon of major and mmor fuels other
" than distillate oil for nonbmldmg uses beyond the last year of SEDS data availability is shown by equation B- 1 13.
:Nonbmldmg use ofdlstlllate oil is not expected to grow at the same rate as commermal floorspace, but instead to -
: remam at a relatively constant levél, as illustrated by equanon B-115.
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An optron is present in the Commercial Sector Demand Module to activate benchmarkmg to that portion of the
STEO forecast immediately following the last year of SEDS data. This is accomplished through the settmg ofa
NEMS system-wide parameter named STEOBM. If selected, the benchmarking is incremental; that i is, itis”
calculated based on the forecast produced after benchmarkmg to SEDS. For years covered by the short-term STEO - )
forecast, the calculation of the drscrepancy between the SEDS-benchmarked forecast and STEO is given by equatlon
B-112 for the major and minor fuels except drstrllate oil. Equation B-114 grves the corresponding calculatron for

' distillate oil. Bquatron B-116 shows the addition of the STEO-based incremental component of nonbuilding
consumption to the component based on SEDS. } . o

"Inthe evetrt the STEO benchmarking option is chosen, one of two options for avoiding a discontfnuity in the

*benchmarked forecast beyond the last year of STEO data must also be selected. The srmplest option is to retain the

- STEO oomponent of nonbuilding use calculated for the last year of STEO data avarlabrlrty, and apply ittoall future
years of the forecast period. Alternatively, the STEO component of nonbmldmg use can be ramped down to zero
over a specified time period following the last year of STEO data. The chorce of methods is specified through the
Commercial Module user parameter named DecayBM. Calculation ofa ttme-dependent decay factor based on the -
selection of the various options is 1llustrated by equation B-117. B-118 illustrates the optlonal addition of a STEO-
based component of nonbuxldmg consumpt:ron to that based on SEDS, for forecast years after the final year of STEO
data availability. T -

L%

Addmon of the forecast of fuel consumptron for nonhurldmg uses to that produced by the End-Use Consumptron

Submodule for end-uses within buildings completes the forecast of commercral sector fuel consumpuon, as shown by
equation B-119. '

Energy Information Administration .
" NEMS Commercial Module Documentation Report ) . 81



82

[This page intentionally left blank]
. -~

. Energy Information Administration
NEMS Commercial Module Documentation Report



AppeﬁdixA L

p

Introduction
This Appendix describes the input data, parzlmeter estimates, variables, and data cahbrauons that cm'rently reside on
EIA’s computing platform for the execution of the NEMS Commercial Module. These data prov:de a detailed
representation of commmal sector energy consumpuon and technology d%cnpuons that support the module Appendix

Aalso dlscuss&c the primary. module outputs

'Table A-1 references the i mput data, parameter %umam, variables, and module outputs documented in this report. For

each item, Table A-1 lists an equation reference to Appendix B of this report, a subroutme reference, the item definition
and dimensions, a subroutine reference, the item classnﬁcanon, and units. Note thal all variables classified as “Calculated
" Variable” can also be consxdered to fall into the “Output” classification, as they are located in common blocks accessible
to other NEMS modules and external programs. Following Table A—I are profiles of the data items. Each profile
describes the data sources, analytical methodologles, and parameter estlmates corresponding to the table.

The' remainder of Appendlx A contains supporting dlscussmn mcludmg data selection and calibration procedures, )
requlred transformauons, levels of dlsaggregauon, and model] i mput files. .
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MODELINPUT: -~ . Proportion of base year office eqmpment EUI attnbutable to PC use

XARIABLE_NAME, , BaseYrPCShrofOftEqEUI i
- MODEL COMPONENT: Semce Demand

DEF]NHIQB.; ’ . " PCS proporuon of base year office equfpmeni EUI
CLASSIFICATION;  Input parameter (KPARM) |

The l992 Commercial Buildirlgs Energy Consumption Survey (CBECS 92) provides data on energy consumpﬁon by

bmldmg, and includes data on the number of PCS present in each building surveyed Pacific Northwest Laboratory
(PNL) provrdes CBECS-derived estimates of the end-use mtensmes (EUIs) by bmldmg type, fuel type, and Census

| drvrsxon for the end-use services modeled by the NEMS Commercial Sector Demand Module, by a combination of

' engmeenng srmulauon and Condmonal Demand Analysrs approaches. This results in estlmates for the office

eqmpment BUISs, but wrthout a separate breakout into personal computers (PCS) and other ofﬁce equipment.

A repre’sentaﬁve natiorlal esﬁrrrate of the 1992 propordon of ofﬁoe equipment EUI attributable to PC use has been
developed by EJIA analysts based on the CBECS data and studies referenced below. Because this estimate is based .
partly on expert Judgement, it is placed in the Commercial Module parameter file, KPARM, where it can be easrly
updated by other specialists. There is also a mechamsm for automatically drsabhng its use should specific PC EUIs
be developed and placed in the EUL mput ﬁle, KlNTENS :

,  1.G. Koomey, M. Cramer, M. Prette and J. H. Eto. Efficiency Improvementsm U. S. Oﬁice Equipment:
Expected Policy Impacts and Uncertainties. Lawrence Berkeley Laboratory, December, 1995, LBL-37383.

’ Belzer, D. L. etal, unpubhshed update to' Belzer, D., L. Wrench and T. Marsh, End-Use Energy
Consumption Estimates for U.S. Commercial Buzlduzgs, 1 989 Pacific Northwest Laboratory, PNL-8946, UC-350,
November 1993, ,

.Original work by Eugene Burns and Kristine McSlummmg of the USS. Department of Energy, Energy
Information Admlmstraﬁon .

' Energy Information Admmrstrauon Commerczal Buzldmgs Consumptzon and Expendttures 1 992 Public
Use Data Diskettes,

. N
. Energy Information Administration
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- MODEL INPUT: * Consumer behavior rule proportions -

' VARIABLENAME: - . BehaviorShare . .
MODEL COMPONENT: ~ Technology Choice - -~ _ |
DEFINITION: . . . Proportionsof commercial consumers using the least cost, same fuel, and same
‘ S technology behavior rules for declsxon type din bmldmg type ‘b
QLA§SIEI§AIE2N,, ‘ Input from file KBEHAV . l

These pammeters are desxgned to facrhtate model calibration to lustoncal data, S0 precise speclﬁcatrons are not
_expected. Nevettheless, professional Judgement is apphed to estrmate initial values for the proportrons by decrsron
type and building type which are consrstent with the commercial sector Building type is used hereas aproxyto
drstmgursh different types of commercral sector decision makers, and decision type. represents the different economic
srtuauons under which technology chorce decrslons are made )

The judgement estimates are made separately for all govemment, pnvately owned and rented ﬂoorspace for ‘the
replacement and retroﬁt decision types. The proportions 6f ﬂoorspace by government, pnvate and rented space from ’
.Commercial Buzldmgs Charactensncs 1992 are utilized to weight these estimates by bulldmg type to yreld

: -replacement and retrofit behavior rule proportions by building type. Similarly, Judgement esnmates are made for
self-built and speculatwe developer floorspace for the new decrslon type. These consrder estrmates of the

proportlous of self-built and speculatwe developer ﬂoorspace for each by bmldmg type to yreld new burldm g

. behavror rule proporuons by bmldmg type

Decision Analysrs Corporation of Virginia and Science Applications International | Corporation. Alternative
Methodologies for NEMS Bzaldmg Sector Model Development, draft report, prepared uuder Contract No DE-ACOI-
'02EI121946, August 3, 1992, p. 14. ]

- Energy Information Admrmstrahon Commercial Buzldmgs Charactenstzcs 1 992 Washmgton DC April
1994, DOFJEIA-0246(92), GPO Stock No. 061-003-00850—0

] Koomey, Jonathan G. Energy Efficiency Chou:es in New Office Buildings: An Investzgatzon of Market
Failures and Corrective Policies, Ph. D. D1ssertat10n, Umversrty of Cahforma at Berkeley, 1990

Feldman, S ‘Why isit So Hard to Sell ‘Savrngs asa Reason for Energy Conservauon”” Energy
Eﬁiczency Perspectives on Individual Behavior, Willett Kempton and Max Neiman eds., American Council for an /
-Energy~Efﬁc1ent Economy, Washmgton DC, 1987, pp. 27-40.
‘ ~ Office of Technology Assessment. Buzldmg -Energy Eﬁiczency OTA-E-SIS u.s. Government Prmtmg
Office, Washington DC, May 1992.

Komor, P. AndL Wrggms “Predrctmg Conservauon Chorce Beyond the Cost-Mrmmrzauon
. Assumpuon Energy, Vol 13, No. 8, 1988 pp 633-645.

Komor, P And R. Katzev “Behavroral Determmants of Energy Use'in Small Commercial Burldmgs

: ) ) Fm_ergy Information Administration
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" ’ ' .
'Implications; for Energy Efﬁcienc&.” Energy Systems and Pélig:y, Vol. 12, 1988, pp. 233-242.

Vine, E. And J. Harris. “Implementing Energy Conéervanon Programs for New Residential and
Commercial Buildings.” Energy Systems and Polu:y Vol. 13, No. 2, 1989 pp. 115-139.

Lamarre, L. “nghtmg the Commerma] World” EPRI Jaumal December 1989 pp 4-15.

Lamarre L “New Pushfor Energy Efﬁclency EPRI Journal, Apri/May 1990, pp 4-17.

Energy Information Administration - : :
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. MODELINPUT: ,EqmpmentCapamty Factor

VARIABLENAME: - CapacityFactor . . .

'MODEL COMPONENT: - Technology Choice . . .~ .

IEEIEIHQH,, ) Capaclty factor of eqmpment to meet servxce s in Census D1v151on rin building
CLASSIFICATION: . Input from file KCAPFAC - |

The capacity factor is the ratio of actual annual equipment output to output if eqmpment were rusi 100% of the ume
at full capacity. Space condmomng capacity factors are developed by Census Dmsxon, service, and bmldmg type
- from the ratio of average dally load to peak load for space heatmg and space coohng at 44 selected cities in the EPRI
source cited'below. The averages for the cities iri each Census DlVlSlOD are welghted by population to compute the
_ capacity factors used by the NEMS Commerclal Sector Demand Madule. nghtmg capamty factors vary by building
type and are based upon the ratio of average hours of operation to total ho:ms from nghtmg in Commercial
Buildings. Capacity f; factors for the remaining services are derived by semce and bmldmg type from the ratio of .
operating hours to total hours in the bmldmg load proﬁles in the EPRI source.

- SQURCES: i : _ ,
Decision Focus, Inc. TAG Technical Assessment Guide, Vol. 2: Electricity End Use; Part 2: Commercial

. Electricity Use -- 1988 Palo Alto CA, Electric Power Research Institute, October 1988, pp. 4-5 to 4-29, 9-10 to 9—
21. - . N :

Energy Informatlon Administration. Energy Consumpnon Series: nghtmg in Commercial Buxldzngs
DOFJEIA-0555(92)/1 Washmgton DC, March 1992 p- 38. :

4 .

~

.

i .. EnergyInformation Admihistration
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- MODEL INPUT: ‘Base year commercial floorspace

. VARIABLENAME: - CBECSF]rSpe
MODEL COMPONENT; .  Floorspace
PEFINITION: ’ Commercial floorspace by buildmg type bin Census Division r for 1992
CLASSIFICATION: Input from file KFLSPC ‘ '

A stralghtforward aggreganon of weighted survey data from CBECS 92 was used to compute 1992 levels of
" commercial floorspace for each of the 11 building categones and nine age ranges (“vmtage cohorts” - see )

' CMV mtage) in each Census division. The mapping used to transfer from the CBECS bmldmg class1ﬁcattons to the
bmldmg type classification scheme used by the NEMS Commercial Sector Demand Module is shown in the table
below: :

NEMS Classification Plan for Building Types:

Assembly. Public Assembly |
’ Religioué Worship 2
Education . - - Education ’
Food Sales " Food Sales )
Food Services- " Food Services
Health Care ‘ Healthi Care - Inpatient .
Lodging "~ Lodging
' Skilled Nursing
Other Resiaenﬁal Care
Office - Large - . ~ Office (2 50,000 square feet) )
\ Health Care - OutpalIent ( 50 000 square feet)
* Office-Small . - " 'Office (<50,000 square féet)
Health Care - Outanent (<50 000 square feet)
Mercantile and Service - Mercantile and Service
* Warehouse - ) Refrigerated Warehouse
n . ' ’ . Ndn~reﬁigeiate& Wereheuse )
Other , o _Laboratory
_ . Public Order and Safety
'" ' ’ Parking Garage
- " Vacant | -
Other
Energy Information Administration
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Energy Informz}uon Administration. Commerczal Buzldmgs Consumptwn and Expendztures 1992 Pubhc
Use Data Diskettes:

Energy Information Admlmstrauon. Commerczal Buildings Charactensncs 1992. WashmgtonDC April
1994, DOE/EIA-0246(92), GPO Stock No 061-003-00850-0

. o En;ergy in'for;naﬁon Admmlstranon . B
A-22 . NEMS Commercial Model Documentation Report.
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' MODEL INPUT: _ - Expected building lifefimes

VARIABLENAME: ~ CMAvgAge =

 DEFINITION: . - Median building lifetime by building'type b
CLASSIFICATION:  Input from file KBLDG '
DISCUSSION:

- 'The sources cited below provrded vanous estimates of average bmldmg lifetimes for the bmldmg types eonsrdered

by the NEMS Commercial Sector Demand Module. Where esumates differed between the sources, a simple average _

value was used. In some cases, NEMS analysts’ judgement provrded building hfetrmes that overrode the pubhshed

values because of drffermg mterpretanons of the concept of “useful” lifetimes, and the need to insure that the

, parncular burldmg survxval function used performed in aeeordanCe with historical data. Insufficient data addressing

medlan expected commercial bmldmg usage hfet.tmes were avallable to enable dtsaggreganon to the Census division ‘
Tevel; consequently, 2 char_actenzatton at the national level was developed based on the follomng sources: '

Hazilla, M and R. Kopp. “Systematic Effects of Capltal Service Price Deﬁmtlon on Perceptions of Input )
Substitution.” Journal of Business and Economic Statzstzcs April, 1986, Pp- 209-224

Electric Power Research Institute. Commerczal End-Use Data Development Handbook: COMMEND
Market Profiles and Parameters, Vol. 2: COMMEND Data and Parameter Development Technigues. Regional
Economic Research, Inc. San Diego, California. EM5703, April 1988, p. 2.24.

]

Energy Information Administration :
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MODEL INPUT: . - Cross price elasticities

VARIABLENAME: . . - CMCogenCrossPnceElast
MODEL COMPONENT: ~ . Consumption X
DEEIHmOE_,, “ Cross pnce elasnmty between fuel and cogenerated electnclty by fuel
CLASSIFICATION: . Inputfromfile KCOGPRM -
DISCUSSION: -

Cross pnce elastlcmes were developed by model cahbratmn conducted in such a way that Iustoncal cogeneration
" results surveyed with Form EI-867 wete closely matched when correspondmgﬂlel pnces ‘were used

"~ SQURCES:
. ) Energy Informatlon Admlmsu'atlon. Form EI-867 Survey of Independent Power Producers Publzc Use '
. Data Dzskettes :

. _ Energy Information Administration . - -
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MODEL INPUT: e Cogenereﬁon of electricity by commercial sector facilities

VARIABLENAME: -  CMCogenEl
MODEL COMPONENT: - End-Use Consumption
DEFINITION: i ' Commercral sector cogenerauon forecast by fuel fto meet service demand s in
- - Census Division r . S
CLASSIFICATION: - - Calculated variable after 1994; Input from files KCOG93 and KCOG94 prior to
1995 o ‘
. DISCUSSION:

Historical data for comnlercial sector SIC codes from the EI-867 Snrvey of fndependent Power Producers for the
years 1993 and 1994 forms the basis for the forecast of cogenerated power by fuel and Census Division. The EI-867
surveys generanng facilities of 5MWor more,- and.with 1 MW or more, at two different levels of detarl (less detarl is
provided for producers smaller than 5 MW) The data base covers only those facilities generatmg 1 MW or greater
- that sell power to utilities. Commercral bmldmgs with smaller capaclty and those that produce electnc:ty for self-

1
)

consumpnon are excluded, so this source 1s not exhausuve

For forecast years after 1994, the baselme forecast of cogeneratlon by source fuel is setat the prior year’s level per
square foot of ﬂoorspace, with a price sensmvrty component that uses the percent changes from the prior year
elecmc1ty prices and generating fuel pnces '

' . Energy Informatmn Admmlstratlon Form EI-867 Survey of Independent Power Producers Publzc Use
Data Diskettes

A

" Energy Information Administration, "Nonutility Power Producers," Electric Power Monthly, April 1995.

. . Energy Information Administration .
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. MODELINHIL_ . . Ratioof useful thermal energy to cogenerated electnclty

' VARIABLENAME: ~ CMCogenTEtoELsatio
MODEL COMPONENT: =~ Consumption . , 2
DEFINITION: A Ratio of cogeneration thermal energy output to electnclty output by fuel type
CLASSIFICATION: . . Inputfromfile KCOGPRM _ |
DISCUSSION:

The ratio of useful thermal energy produced by cogenerating equipment to the amount of electricity produced is a
key parameter used by the NEMS Commerclal Sector Demand Module to determine the incremental fuel-
consumpnon durmg the cogeneratlon process. A value given in the EPRI TAG for packaged cogeneration systems is
" used by the model, and assumed to remam constant over the forecast horizon. L /!

- Decision Focus, Inc TAG Techmcal Assessment Guide, Vol. 1: Electnczty Supply; Part 2: Commerczal
Elecmczty Supply - 1988. Palo Alto CA, Electnc Power Research Institute, October 1988.

ST _ Energy Information Administration
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MODEL INPUT: R Unplanned cogeneranon proportion

- VARIABLE NAME: CMCogUnplanProp

'MODEL COMPONENT: . Consumption =~ = -

DEFINITION: ' Historical proporuon of cogeneratton capaclty that is unplanned
CLASSIFICATION: ~'Inputfrom e KCOGPRM

'I'he amount of commercial sector cogeneranon capaclty that is classxﬁed as unplanned is calcnlated directly from the
Form EI-867 survey data collected for 1992, and assnined to remam constant throughout the forecast honzon

SOURCES:
Energy Informanon Admmlstranon. Form EI-867, Survey of Independent Power Producers Public Use
Data Dtskettes

Energy Informanon Adm1mstrauon - :
'NEMS Commercial Model Documentauon Report - A-27



‘MODEL INPUT: o Cogeneraﬁpn e‘étﬁpxﬂent efficiency measure

- 'VARIABLENAME: =~ CMDeltaRecipEffic
MODEL COMPONENT: Consimption .
DEFINITION: . - - Difference between rec:procal of efficiency of cogeneratmg equipment and.the
' . efﬁclency of comparable eqmpmentused onlytometsemce demand, by fuel
. CLASSIFICATION: - - - Input from file KCOGPRM =~ = . S
DISCUSSION:

The NEMS Commerclal Sector Demand Module uses two parameters to forecast the consumption of fuels to meet
the prq]ected amount of elecmclty cogeneranon The first of these, CMCogenTEtoELratio, is described elsewhere.
" The second parameter, CMDeltaRec:pEmc, charactenm the performance of cogeneratmg equipment during the

. electnclty cogeneration process Tt can be exprecsed as

1 -1
CMDeltaEquipEfic: = |1 _-_1_
ehabquipEgic [ CEFE EFE]

where CEFE is the efﬁclency of cogeneratmg eqmpment in generatmg useful thermal energy on]y, and EFE isthe -
efﬁclency of eqmpment comparable to the cogeneratmg eqmpment whlch is used solely to meet a service demand.

The values for CEFE and EFE used to evaluate the exptess:on above were based on base year average equipment

“efficiencies. CEFE was derived from CMCogenTEtoELratlo and the combined thermal and electnc generatmg
efficiency in the EPRI TAG. EFE was estimated by averaging the base year average eqmpment eﬁﬁclencles for oil
and gas boilers - the. eqmpment comparable to packaged cogeneratlon systems

Decision Focus, Inc TAG Techmcal Assessment Guide, Vol. 1 Electnczty Supply; Part 2: Commercxal
Electnaty Supply -- 1988 Palo Alto CA, Electric Power Research Institute, October 1988

’

S - Energy Information Administration
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MQDELJNEIZ[;, o Floorspaeesmwvalfunchonshapeparameter .

MODEL COMPONENT: Floorspaee
.DEFINITION: ) Shape parameter for the floorspace survival function
CLASSIFICATION: Input parameter from file KBLDG

- The sources cited below provide data on average building lifetimes, together with ekpected surviving proportiens :
after various penods of time:, The NEMS Commerclal Sector Demand Module models. floorspace retirement usmg
the loglstlc survival funcuon, Co

~

1

';S'urviving Proportion =
' 1 ( current year - buzldmg vintage year) CHGamma

median lifetime

It can be seen that half the ongmal ﬂoorsi;ace eons'trueted during a particular year is modeled as remaining aftera
period of time equel to the median building lifetime, reéa;dless of the value used for the building survival parameter,
' CMGammia. As discussed in the text of the Commercial Model Documentation Report, CMGamma describes the
variance of building retn'ement about the mdlan hfeume, and is calculated so that the documented percentage of
bmldmgs remammg one year after construcuon is obtamed )

Hazilla, M., and R. Kopp “Systemauc Effects of Capltal Semce Price Definition on Percepimns of’ Input
Substitution.” Journal of Business and Economic Statzstzcs April, 1986, pp 209-224,

Electric Power Research Institute. Commercial End-Use Data Development Handbook: COMMEND

Market Profiles and Parameters, Vol. 2: COMMEND Data and Parameter Development Technigues. Reglonal
Ecoriomic Research Inc. San Dlego, Cahfox‘ma. EM5703, Apnl 1988 p-2.24. .

-

3 Energy Information Administration ' " .
NEMS Commercial Model Documentation Report - A-29



MODELINPUT: - Oldest modeled buildings .

. ‘VARIABLE NAME: ‘a&rbmsmmg\rmt
.. DEEINITIQH; . - . Median year of construction for bmldmgsmthe earhest CBECS age cohort
- CLASSIFICATION:: Inputparameter o

CBECS 92 bmldmg charactenstlcs mclude the year of bmldmg constructxon. Elght age categones, referred to as-
“vintage cohorts™ are used by CBECS and the NEMS Commercial Sector Demand Module to aggregate average
building characteristics. Tnese age cohorts are drscussed in the section documentmg CMVintage. The median year
of construction for the oldest vintage cohort (preol900) was determined to be 1875 durmg processing of the CBECS '
data set, and is the value currently assxgned to the mput parameter CMOldestBldngt. ‘

.. Energy Information Admlmstratlon Commercxal Buzldmgs Consumpnon and Expendztures 1992, Pubhc
Use Data Diskettes. ‘ -
. Energy Informahon Admmrstratlon Commercxal Buzldmgs Charactensncs 1992, Washmgton DC, April
1994 DOEIEIA-0246(92), GPO Stock No. 061-003-00850-0

U,
1 N
~

Yo e
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. MODELINPUT: ~~  Historical fiiel consumption

" VARIABLE NAME: CMSEDS

MODEL COMPONENT: ~  Consumption

DEFINITION: State Energy Data SFstem (SEDS) historical energy consumptlon by Census
- . Division, fuel; and year for the commerclal sector

CLASSIFICATION: - *  Module input from Global Data Structure and file KSTEO .
DISCUSSION:

The National Energy Md'deling System (NEMS) uses the State En&gy Data System (SEDS) historical con.su'mption
data asa standard against which the vanous sectoral module forecasts are benchmarked during the historical pomon )
of the forecast horizon.” The SEDS data is provided to the NEMS Commescial Sector Demand Module by the y
NEMS In_tegraung Module, and is more fully described i in the Integrating Module Document'fmon Report. Currently,

_ the latest year for which SEDS data is supplied is 1993. This data is sul.)plememed with projections from the Short
Term Energy Outlook (STEO) for the commercial sector for the years 1994 - 1996. STEO data for 1994 is treated

by the Commercial Module as if it were SEDS data, which is very likely to become the actual case. STEO data for }

" 1995 and 1996 is available for opuonal benchmarkmg during those years, at the user’ s discretion. .

SOURCES:
Energy Information Admlmstrauon State Energy Data Report 1993 Consumpnon Estzmates DOEIEIA
0214(93). May 1995 '

Energy Information Adnﬁnisﬁaﬁon - . )
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MODELINPUT: - .  Floorspace viritages

VARIABLE NAME: : -CMVintage ‘ R . N
MODEL COMPONENT: *  Floowspace S ’
DEFINITION: _ Median year of construcuon of commercxal floorspace existing in 1992 by
o o o ‘ building type, Census d1v1310n, and vmtage cohort group.
CLASSIFICATION: Input from file KVINT

- DISCUSSION:

The CBECS 1992 daa set provides data on ages and numbers of buildings by building type and Census ivision.
*These data were processed to obtain estimates. of the median year of constructlon for bulldmgs constructed in each of
' the following vmtage cohort groups

' pre-1900° .- -

1900-'1919 -
- 1920-1945 . L

1946 - 1959 e
1960 - 1979 - ’

1980 - 1986 \

1987-1989 = .- R
1990 - 1992 ‘ -

The results vary wnh bmldmg type and Census Dmsmn, and are orgamzad fori mput to the Commercial Module in
the KVINT file. "~

. U.S. Department of Energy, Energy Infonpatxon Admmlstranon, 1992 Commercnal Buildings Energy
Consumpnon Survey, Public Use Data Diskettes.

N o ' Energy Information Administration -
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MODEL INPUT:;. Energy-use Intetrsity

VARIABLENAME: ComEUI
MODEL COMPONENT:-  Service Demand o
DEFINITION: - Energy consumed per st floorspace for service s in building type b in Census
' ' .~ Divisionr in year y, 1000 Bm consumdlft2 .
CLASSIFICATION: Input from file KINTENS
- DISCUSSION:

Pacific Northwest Laboratory (PNL) provides CBECS-derived estimates of the end-use intensiﬁes (EUls) by -
bmldmg type , fuel type and Census drvrsron for the énd-use services modeled by the NEMS Commercial Sector
Demand Module bya combmatron of engmeenng srmulatron and Conditional Demand Analysis approaches The
resulting BUI estimates are subjected to a smoottung procedure and then'i mput tothe Commercial Module from the
KINTENS input file. : ’

Belzer, D. L. et al, unpublished update to Belzer, D., L. Wrench and T. Marsh, End-Use Energy
Consumption Estimates for U.S. Commercial Buildings, 1989 Pacific Northwest Laboratory, PNL-8946, UC-350,
November 1993 L .

Belzer, D., L. Wrench and T. Marsh, End-Use Energy Consumpnon Estimates for U.S. Commerczal .
Buildings, 1989, Pacific Northwest Laboratory, PNL-8946, UC-350, November 1993.

Ongmal work by Eugene Burns of the U. S Department of Energy, Energy Information Admrmstratron

-~

Energy Information Administration - ) ) )
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- MODELINPUT: - =~ HeanngandCoohngdegreedays' ]

 VARIABLENAME: ~ DegreeDays’

MODEL COMPONENT: ~ “Consumption * - ~ )
DEFINITION: *~~ - Heating and Cooling degree days *
CLASSIFICATION: ~ Input from file KDEGDAY
DISCUSSION:

DegreeDays (1,1,y) is the number of heating degree days andeegreeDays ('2,1".,y) is the number of cooling degree -
days in Census Division r during yeary. Datais a‘vailable'fromf199d through the last STEO forecast year used by
NEMS, i:unrenﬂy 1996. Data for the ﬁnal year (1996) providés the average lieaﬁng'anci cooling dégree days for
“normal years. The data is used to perform a weather adjustment to the consumpuon forecast in the Consumptlon
‘ subroutme to account for historical and ‘normal’ dxfferences from the base year (1992) weather, and to determine the
: relatwe amounts of heaung and cooling supphed by heat pumps. -

. . ) , - .
o U S. Department of Commerce, Nauona] Oceanic and Almosphenc Admm1stzatlon, sttorzcal Climatology
Series 5-2, September 1995. . )

e o _Energy Information 'Administrati'qn.
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) Mﬂmm ' ] Dlstnct service boiler efﬁclenmes :
' VARIABLENAME: ~ °,  DistServBoiletEff

~ DEFINITION: o . Efficiency of conver_sion of fnel to'steam energy by boilers used to provide
CLASSIFICATION: Input from file KDSEFF

National average values for typlcal boiler efﬁcxencxee in convertmg the fuels of electricity, natural gas, and distillate ’
oil to the mtermednate products of steam, hot water, and chilled water, were estimated from tabular data presented in

_ the I 992 National Census of District Heatmg, Coolmg, and Cogeneratzon

U S. Department of Energy 1992 National Census of District Heating, Coalmg, and Cogeneratwn.
Prepared- by BMS Management services for U. S. Depanment of Energy, July, 1993. '

> - Energy Information Administration . :
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MODELINPUT: - - District service fuel shares

VARIABLENAME: DistServFuelShr

'MODEL COMPONENT: .~ Service Demand |
m . 'Proporlmns of dlstnct semcesteamenergy generatedby each fueltype
CLASSIFICATION: Inputﬁ'omﬁleKDSFS S \

These shares are b’asled on fuel consumption of district system plants that genérate ﬁg’ intermediate products of
steam, hot water, and chilled water. They are estimated from data provided in the Assessment of Energy
Consumption in Multlfaallty Buildings report and the 1992 National Census of District Heating, Cooling, and .
Cogeneratwn. The fuel share éstimates are mput to the NEMS Commercial Sector Demand Module from the file -
KDSFS, by fuel and bmldmg type. - - .‘

" U.S.Department of Energy 1992 National Census of District Heatmg, Cooling, and Cogeneratzon.
Prepared by BMS Management services for U.S. Department of Energy, July, 1993. - S

Energy Informatlon Admlmstxatlon Energy Consumptzon Series: Assessment of Energy Use in
Multzbuzldmg Facilities. DOHEIA-0555(93)II August 1993. . -

!

L : Energy Inforfation Administration
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VARIABLENAME: ~ DistServSteamEUI

'MODEL COMPONENT: ~ Service Demand _

DEFINITION: - Steam energy per square foot (MBtu/sqft) generated to prov1de district services

B ' (space heating, space cooling, water heahng), by Census d1v1smn, building type,
) and district semce

CLASSIFICATION: . Inputfrom file KDSSTM

DISCUSSION: - a : )

- Steam energy EUI estimates were developed by Pacific Northwest Laboratory and EIA personnel using the CBECS
1992 data set in a manner similar to the development of EUI estirates for other end uses. The steam EUT values are
totals by building type and Census division, and are not broken down by generaﬁng fuel.

SOURCES:
Belzer, D. L. etal, unpubhshed update to Belzer, D L. Wrench and T. Marsh, End-Use Energy

" Consumption Estimates for U. S Commercial Buzldmgs, 1989, Pamﬁc Northwest Laboratory, PNL-8946, UC-‘350
November 1993.

4

i Belzer, D, L. Wrench and T. Marsh, End-Use Energy Consumptwn Estimates for U. S Commercxal
Buzldmgs, 1989 ‘Pacific Northwest Laboratory, PNL-8946 UC-350 November 1993.

’ Ongmal work by Eugene Burns and Knstme McSklmmmg of the U. S Department of Energy, Energy
Information Admmlstratlon

. Energy Information Administration .
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' MODEL INPUT: - ' -Minor service equipment efficiency annual growth rate ‘

VARIABLENAME: = EffGrowthRate
' MODEL COMPONENT: - Technology Choice Do
DEFINITION: N X ... Annual efficiency i 1mprovement factor for the minor services of offiée
‘ " equipment: PCS, Office Eqmpment. NorPCs, and miscellaneous s (‘other”)
\ . -services. :
CLASSIFICATION: . Inputfrom file KDELEFF
- DISCUSSION:

_ The estimated efficiency inrprovement factors for ofﬁce eq{lipment, subdivided intoﬁperson'a'l compnters (PC) and’
non personal-computer (NonPC) categones, and mrscellaneous or “other” services are developed from the EPRI and
"LBL sources cited below. .The annual mprovement factor requlred to reach the estimated level of eﬁicrency in the
"year 2010is obtamed by calculatmg the annual percentage 1rhprovement in the equipment stock that must be attained
-in order to reach the target energy eﬁcrency improvement for the entire stock by 2010 S

© SOURCES: I
Koomey, J.G., M. Cramer, M. Piette, J.H. Eto. Efficiericy Improvements in U. S. Office Equipment:

Expected Policy Impacts.and Uncertainties. LBL-37383. Prepared by Lawrence Berkeley Laboratory December
1995 . . .

Decision Focus, Inc., TAG Technical Assessment Guide, Vol. 2: Elecmcuy End Use Pan 2: Commercral
Electricity Use 1988 Palo Alto, CA, Electric Power Research Institute, October 1988, pp 5-48to 5-84 6-33, 6-40.

" Arthur D. Little, Inc., Technical Memorandum for Technology Advances and Forecasts -
Residential/Commercial End-Use Equipment, ADL reference 64460-09, prepared for: U S. Department of Energy,
Contract No. DE-AC-21-88 "April 1990, pp. 4-3, 8-4, 8-5, 10-5 .

Gas Research Instltute Baseline Pro_]ectzon Data Book. GRI Baselirie ProJectwn of U.S. Energy Supply
and Demand to 2010, 1992 edition, Vol. 1 Pp- 156-158.

-~
t

_Geller, Howard S., Commerczal Building Equipment Eﬁ'icxency A State-of . the-Art Review, report prepared
for the U.S. Congress, Office of Technology Assessment, Energy & Matenals Program by The American Council
foran Energy-Efﬁcrent Economy, Washmgton, DC, May 1988

" Mahoney, Damel D., Phase I of a Project to Enhance the Commercxal Section Analysrs of the GRI Baseline
Modeling System; Topical Report #1: Data Enhancements, prepared for the Gas Research Institute under Contract
* No. 5085-800-1175, DRI Energy Division, Lexington, MA, July 1987,  PP: 4, 59, 139-140.

U.S. Congress, Office of Technology AssesSment, Buzldmg Energy Eﬁiczency, OTA-E-S 18, Washm gton,
DC, U.S. Government Pnntmg Office February 1991, p. 122 )

. " U.S. Department of Energy, Energy Informauon Admmrstratron, nghtmg in , Commercial Bmldmgs, EIA,
. Washmgton, DC March 1992, p. 41 : . .

. U.S. Department of Energy, Energy Information Administration, Energy Consumption and Conservation
Potential: Supporting Analyszs for the Natzonal Energy Strategy, EIA, Washmgton, DC, December 1990, p.52.

U.S. Department of Energy, Energy Informatron Admlmstranon, PC-AEO Forecastmg Model for the .
Annual Energy Outlook: Model Documentatwn, EIA, Washmgton, DC, March 1990, p.I]I-37 to I1-39.

: _ ' Energy Information Admrmstratmn L .
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MODEL INPUT;: Office equipment penetration

VARIABLE NAME: . 'MarketPen'etraﬁon
MODEL COMPONENT: ~ Service Demand .,
' DEﬂNmm . Ofﬁce Equipment (PC, nonPC) and ‘Other” market peneu'atron index by
’ : bmldmgtypeandyear o "
CLASSIFICATION: ~ Input from file KOFFPEN |,
DISCUSSION:

The Lawrence Berkeley Laboratory sources cited below documents the LBL studies performed to forecast office
equipment market penetration. The principal source of commercial base year PC stock data is CBECS 1992. Data

| on energy consumpuon (both Energy Star and other) of PCS, monitors and laser printers are from LBL’s Efficiency
Improvements in U.S. Oﬁice Equipment report. This report also provides estimates of sales for PC-related office
equlpment. Estimates of the enabling fate for Energy Star PCS is taken from an  EPA communication. The market
penen'auon index is set to unity in 1992, and the forecast from LBL’s Energy Use and Trends report is indexed to
the 1992 base year The indexed LBL forecast of office equipment market peneu'auon is included i in the NEMS
Commercral Module calcutation of service demand. - .o

Koomey, J.G., M. Cramer, M. Piette, J.H. Eto. Efficiency Improvements in U. S. Office Equiprient: .
- Expected Policy Impacts and Uncertainties. LBL-37383. Prepared by Lawrence Berkeley Laboratory for the U.S.
Department of Energy, December, 1995.

~

Piette, M., J. Eto, andJ. Hams Office Equlpment Energy Use and Trends Energy and Environment
Dmsron, Lawrence Berkeley Laboratory, September 1991. .

U.S. Environmental Protecuon Agency, personal communication (facsrmxle) regardmg Energy Star .
program. June 12, 1995. :

V4

: Energy Information Administration : :
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MODEL INPUT: . Minor fuel consumption elasticity parameters

- VARIABLENAMES: =~ MinFuclAlpha, MinFuelBeta'

' MODELCOMPONENT: - Consumption - . | ,
m o Elasﬁcuy parameters used in the calculanon of minor fuel consumptlon
CLASSIFICATION: " Tnput from file KMINFL :

‘MinFue]Alpha and MinFuelBeta are used as follows:

. ( Mwmh}fmmh)-

FmalEndUseCo fbr'y N Chaee ") - /

, Mﬂumrf—abumn@n
-x_ Priceg,, T

Lx 10°°
x (SuerloorTotal by T CMNewFloorSpace ,by)

V f € {MmFuels} = {MotorGasolme},b, r;

" where FmalEudUseCon is ﬁnal end-use minor fuel consuniption Minor fuel final end-use cunsumption is measured
in trillion Bm in for fe{re31dual fuel oil, LPG, coal, kerosene} for Census D1v1s10n r for year y, and is calculated for
all forecast years by the expressmn above For motor gasoline, consumption levels are sét to the pubhshed SEDS

: lnstoncal values by Census Dmsxon for the historical poruon of the forecast horizon, and subsequently are

. develop_ed by multlplymg the previous year's motor gasoline consumption by the term, (1 + MinFuelBeta), which is

A .based upon SEDS historical share growth for motor gasolineleonsumption NlinFuelBeta and MinFuelAlpha are -
calculated using the hlstoncal data on minor fuel consnmptlon and pnces from 1970—1992 prowded by SEDS
pubhcatlons B

‘Energy Information Admmlsu'anon State Energy Data Report Consumptwn Esnmates, 1960-1990
-DOE/EIA-0214(90), Washington DC, May 1992. ‘

. Energy Informauon Admxmsu'anon State Energy Price and Expendnure Data System (SEPEDS)
4 Database, 1970-1 991

Energy Information Admmlsu'auon State Energy Data Repart 1992: Consumpnon Estzmate.s“ DOFJEIA
0214(92), Washmgton DC, May 1994 ' :

: ' . Eneréylnformation Admlmstratlon ]
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-

' MODEL INPUT: - " Adjustment to SEDS to match NEMS sectoral definitions

' VARIABLE NAME: " NUGfromSEDS
. MODEL COMPONENT:  Benchmarking . _ .
DEFINITION: . . Commercial-rate energy éonsmﬁ;bﬁon_ for nonutility ﬁeneraﬁon systems (NUGS)
: - attributable to the utility sector B -
- CLASSIFICATION: * Input from file KCALNUGS '

‘There are several differences between the sectoral classification definitions used by NEMS and those employed for
SEDS remﬁng. ‘In barticular, sectoral c}assii‘:icaﬁoﬁin 'SEDS,is based-on éupplier classifications of customer
accounts, by whatever means sui)pliers ‘c‘:hoose to use. As a result, where SEDS quantities include contributions. °
known to properly belong to NEMS sectors other than the commercial sector,\adjuspﬁents are made to the SEDS
data prior to benchmarking the Commercial Sector Demand Mogiule forecasts. 'ﬁUGﬁdel;‘.DS contains fuel -

. quantities inclqded by SEDS in the commiercial sector, because they were purchased a.zt commercial rates, but which
were purchased for nonutility generaﬁén of electricity activities outside the corhmerpial sectqr proper. They are

; input to the Commercial Module from file KCALNUGS, and subtracted from corresponding SEDS consumption

figures in the appropriate Census divisions. S : A .

Patricia Toner, Energy Information Administratioh. Personal commun?caﬁon,‘Qctqber 1995.

’ Energy Information Administration
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'MODELINPUT: . - Retrofit remioval and disposal cost

] MQWNL . .Technology Chome - .
DEEmmOJ:L i - Costof Temoving and dlsposmg equipment of a given technology and vmtage for
E : PUTPOSES of retrofitting with other eqmpment :
| CLASSIFICATION: = InputfromKTECH ~

The cost is expressed as a proporuon to be apphed to the mstalled capltal cost. Cmrently, a placeholder value of 0.0
1s used throughout the Commercial Sector Demand Module, pendmg acqmsmon and analys1s of appropnate data.

Energy Information Administration: Estimated value.

. Energy Informatxon Administration ~ .
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MODELINPUT:  ~ Serviced oorpace variaion with building vintage

VARIABLENAME: = ServicedFlspcPiop

MODEL COMPONENT; Service Demand ‘ . .
DEEIN]IIQN,, 7 * Proportion of building floorspace thaf receives end-iise sérvioe, by building type,
' - ’ service, and whether the bmldmgs are newly-constructed (post-1989) or existing

_ L (pre1990).°

CLASSIFICATION: Input from file KVARSDI .

DISCUSSION: -

An investigation undertaken to deterimine whether mgmﬁcant variations existed by building age in the proportions of
floorspace geéeiving v'ari()us end use services found, for several services, a'meaémable Qifferencé between the two
broad classes of ‘old’ and ‘new.’ For'th.is"charé.cterizaﬁon, ‘new’ was defined as-floorspace constructed after 1989.
The NEMS Commercial Sector Demand Module parameters charactenmng serwce demand patterns are derived by
consndenng the entire floorspace stock as sampled by CBECS 92, and i is mﬂuenced most heavﬂy by values
corresponding to the ‘old’. floorspace category. In order to account for service demand differences in new floorspace
construction, the model makes use of the different serviced floorspace proportions, as described in the text of the
model &qcumenmﬁon. The values were derived by brocessing the individual CBECS survey records.

SOQOURCES:
U.S. Department of Energy, Energy Informauon Admlmslrauon, 1992 Commercial Bmldmgs Energy.
Consumption.Survey, Public Use Data Diskettes. . .

’

Energy Informauon Admlmstrauon .
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MODELINPUT: - .  Buildingshell efficiencyindex = °

_VARIABLENAME: . = . . ShellEffindex ,

MODEL COMPONENT: * Service Demand

DEEEINIIIDN; T Shell efﬁcrency index for buﬂdmgs constructed in the current year for bmldmg
) ) - 'typemeensusDrvrsronrmyeary

QLASSIEIQAIIQN_, ‘ Input from file I_(SHEFF .

DISCUSSION:

The 1992 existing stock shell efﬁcieooy 1s indexed to 1.0 for each -builfding type. Tlra building shell efﬁdénéy index
'measures the improvement in ﬂre shell intbgﬁty of newly-constructed ﬂoorsoace that must oy law adhere to building
codes, and the general'in‘rprovcrrlent in overall exrstmg stock shell efficiency that results from the continual
) rnuoducﬁon or more shell-efﬁ_cjent new consﬁ'ucﬁon: r A : )

—_—

- Regional shell efficiency pararrreters devefoped from a 1992 Pacific Northwest Laboratory (PNL) study cited below
are included in the model. The PNL study consists of an extensive microsimulation of buildings closeiy matching
the CBECS 1992 building types across the counrry The PNL study analyzes the impacts on shell efﬁcienoy based
upon three groups of bulldmgs those built to 1980 bulldmg codes, those built to 1992 burldmg codes, and future
potenual buildings built to 1993 building codes. Reglonal data from the PNL study enables regional variationto be
included in the model. The model currently does not mcorporate assumpuons regardmg the proposed 1998
efficiency standards that may impact future burldmg codes

Koomey, J., Lawrence Berkcley Laboratory, petsonal commumcatxon, June 18, 1992

Jarnagm R., Pacific Northwest Laboratory, personal commumcatron, August, 1992. L.

.. Energy Informafion Admrmsn‘atron, Commercial Buddmgs Charactenstzcs 1 989, DOE/EIA-0246(89),
Washmgton DC, June 1991.’ . ' RN

T . - GasResearch Institute, Baseline Projection Data Book_ GRI Baselme ProJectwn of U.S. Energy Supply
and Demand to 2010, 1992 edmon, Vol.1. -

o Brodnck, J., Office of Bmldmg Technologles, Office of Conservauon and Renewable Energy, DOE
personal communication, June 16, 1992. , ) .

. _ h Energy Information Admlmslrauon
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CLASSIFICATION:

Short-term price elasticity of service demand _
ShortRunPriceElasofDmd
Service Demand

" Short run price elasticity; (percent change in service demand as result of percent

change in energy price) by service demand s, for the major fuels of electricity,
natural gas, and distillate. This is a composite factor baséd on fuel proportions .
of service demand by Census Division and service. e
Input from file KSDELA . - \

The following table summanzes a literature review encompaséiné price response analyses of major fuel demands.

Composite price elasticity of service demand estimates based upon these sources are included. Input values for the
_ fuel and end-use specific elasticity parameters included in the module are selected from within the range illustrated

in this table, to correspond to analystv judgement within the range of empmcal values developed.

- Energy Infonhaﬁon Administration . S
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_— . — ——

‘ Price Income’
N - Time : Elasticities Elasticities
Author Sector Peri od' - Fuel 1 ‘ :

. o . ‘ : Short- | Long- | Short-'| Long-

run run run run

Balestra & Residential-- | 1957- | Gas 1-063 . 0.62

-Nerlove (1966) Commercial 62 s : C -
| Joskow& | Fesidential + | 1968- | Gas 015 |-101 |008

} Baughman. Commercial | 72 . .

| (1976) '

Fuss, Hydman & ‘Co’mmercial | 1960- | Gas 1-072

Waverman : ) 171 .

(1977) - :

Berndt & Residential- | 1959- | Gas ~|-0.15 |-068 |0.04 |0.133 "

Watkins (1977) _{ Commercial 74 L

Griffin (1979) Commercial 1960- {Gas  |-0.83, [-1.60

. 72 - ‘
Beierlin,' Dunn & Commercial 1967- Gas -0.161 ;1;06 -0.33 -2.19
McConnor ' 77 ' : ' »
_(1981) : |

Belerlin, Dunn & ' | Commercial 1967- Gas 0276 | -1.885.[ 0.035 | 0237

McConnor . : 7. . Lo .Il

(1e81) 1

Beieriin, Dunn & | Commercial | 1967- | Gas.  [-0.386 | 2258 | 0.034 [0.210

McConnor " 77 3 . ’ : :

(1 981) -

Mount; Chapman Commercial | 1946- | Electric |-052 | -1.47 |030 | 0.85 I

& Tyrrell (1973) - 70 ’ I )

McFadden & *Commercial - | 1972 - | Electric- 054 .| 0.80

Puig (1975): .- | R .

Murray, Spann, ébmmercial 1958- | Electric | -0.07 -0.67 | 0.02 0.70°

Pulley & : 173 T -

Beauvais (1978) -

Chemn & Just Commercial | 1955- - | Electric |-047 |-1.32 | 025 . | 0.70

(1982) d7a ] - :

DOE (1978) Coinmerc_ial“_ 1960-.. Gas - | -0.32 -1.06

) ‘ 75 . ) |
L - R i
Nelson (1975) - | Commercial- | 1971 Space -0.3
. ____. 1 Residential T 'Heating
Uri (1975) _ Commercial - Electric -| -034 | 085 |079 |1.98
FEA (1976) - ‘Commercial Gas . 038 |large | o073 large
: Distlat.- | -0.55 -0.55 0.73 0.73
o EnergyInformauon Adm1mstrauon ‘
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Al-Sahlawi, M., “The Demand for Natural Gas A Survey of Price and Income Elasticities,” The Energy
Joumal vol. 10, no. 1, January 1989. )

Balestra, T. and M. Nerlove, "Poolmg Cross-Secuon and Trme-Senes Data in theEsnmauon ofa Dynamrc

. Model TheDemand forNamralGas Econometrica, vol. 34, no. 3, July 1966."

Belerlm 1., J Dunn, and J. McConnor, Jr., "The Demand for Elecnmty and Natural Gas in the
Northeastern United States,” Review of Economics and Statzsncs, vol. 64,1981, -~ -

Bemdt, E. and G. Watkins, "Demand for Natural Gas: Resrdennal and Commercral Markets in Ontario and
British Columbia,” Canadian Journal ofEconomzcs, vol. 10, February 1977

Chem, W. and R. Just, "Assessmg the Need for Power: A Regronal Econometric Model," Energy
Economws, vol. 10, no. 3, 1982, pp. 232-239 .

Federal Energy Adnnmstranon, 1 976 National Energy Outlook, Washmgton, DC, 1976.

: Griffin, J. Energy Consumptzon in the OECD: 1880-2000, Cambndge, Mass. Ballmger Pubhshmg
Company, 1979. .

. Halvorsen, , "Demand for Electric Energy in the Umted States Southern Economxc Joumal vol. 42, no.
4, 1975, pp. 610-625. n

Joskow, P and M. Baughman,”'l’he Future of the U S. Nuclear Energy Industry Bell Journal of
Economics, vol. 7, Sprmg 1976."

McFadden, D. and C. ng, Economic Impact of Water. Pollution Control on the Steam Electrxc Industry,
Chapter 3, Report EBD-12 Teknekron Inc. Berkeley, Cahforma, 1975. .

Mount, T L. Chapman & T. Tyrrell, Electricity Demand in the Umted States: An Economemc Analysis,
Natlonal Technical Informatron Semce No 0RNL-NSF-EP-49 Springfield, Virginia, 1973. .

. Murray, M., R. Spann, L. Pulley, & E. Beauvais, "The Demand forElectncrtymVrrgxma, TheRevzew of
EconomzcsandStatzstws, vol. 60, no. 4, 1976, pp. 585-660

Nelson, I, ”TheDemand 'for Space Heating Energy," Review of Economics and Statistics, November 1975,
pp.508-512. o :

Uri, N., A Dynamic Demand Analyszs for Electrical Energy by Class of Consumer, Workmg Paper No. 34,
~ Bureau of Labor Statistics, January 1975.

. Westley, G., The Demand for Electricity in Latin America: A Survey and Analysis, Economic and Socral
, Development Department, Country Studies Division, Methodology Unit, Washmgton, DC, February 1989.

Energy Information Administration - : .
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MODEL INPUT: / Commercial. sector renewable energy consumpuon forecast

VARIABLENAME: . SolarRenewableContrib

MODEL COMPONENT: . Service Demand.

DEHNmOH: o Conmbunon of solar thermal energy consumed to meet commercral sector
| ’ semcedemandsbysemces T : - .

CLASSIFICATION: - Inpist from file KRENEW '

_ Abaseline projection for solar thermal energy consnmption developed by the National Renewable Ener'gy
Laboratory (NREL) is read into the Commercial Module, since forecasts from the NEMS Renewable Fuels Module
are not cuirently available at the level of dlsaggregauon required by the‘Commercial Module. The renewable energy
 forecasts for active solar (space heatmg and water heatmg) are apphed, mterpolatmg to fill in the five-year forecast
intervals provxded in the white: paper

'+ Commercial sector constmption of geothermal technologies is explicitly nrodeled by includi'ng geothermal heat
pumps in the technology characterizadon menu, aliowing geothermal teclinologies to compete in the marketplace.
Consumpnon of the renewable fuels of wood and municipal solid waste (MSW) in the cogeneration of electricity is .
also modeled explicitly; using data from the EI-867 Survey of Independent Power Producers ‘data base.

' Energy Informaﬁon Administration, EI-867 Survey of Independent Power Producers datd base. -

-

- T7ze Potential of Renewdable Energy: An Interlaboratory White Paper, a report prepared for the Ofﬁce of -
Policy, Plannmg and Analysrs, US. Department of Energy, Golden, Colorado, March 1990.

’

. . o ’ . - Energy Information Administration
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MODEL INPUT: " Equipment efficiency

VARIABLENAME: . TechBff .
MODEL COMPONENT: Technology Choice :
, DEEIN]IIQN,_ - Efficiency, Coefficient of Performance, Seasonal Performance Factor, Eﬁicacy
' (lighting), of equipment in provrdrng service - ’ ‘
CLASSIFICATION: . Inputfrom file KTECH
DISCUSSION:

Equipment efficiencies for the services of space heating, space cooling, water heating, ventilation, cooking, ﬁghting,

“and refngeratlon are mcluded in the Technology Characterization Menu.of the NEMS Commercial Module These
input data are composrtes of commercial sector equipment efﬁcxencres ‘of existing and prototypical commercial
sector technologles provrded in the EPRI, ADL, GRI, OTA, NES AE090 -and Lighting in Commercial Buildings =
sources cited below.

i Decision Analysis Corporation of Virginia, Lighting System Technology Characterization for the NEMS
Commercial Sector Demand Module, prepared for Energy Information Administration, Contract No. DE-ACOI-
92E121946, August 1996. B

Decnsron Analysis Corporation of Virginia, Ventilation ’Sysrem Technology Characterization for the NEMS
Commercial Sector Demand Module, prepared for Energy Informanon Admrmstranon, Contract No. DE-AC01--
92EI21946, August 1996. . ) ..

Decision Focus, Inc., TAG Technical Assessment Guide, Vol. 2: Electricity End Use; Part 2: Commercial
Electricity Use -- 1988, Palo Alto CA, Electric Power Research Institute, October 1988, pp. 5-48 to 5-84 6-33, 640,
7-16,7-19.

Arthur D. thtle, Inc., EIA - Technology Forecast Updates, ADL reference 41615, prepared for U.S.
Department of Energy, Contract No. DE-AC01—92E121946 Iune 1995

Arthur D. thtle, Inc Technical Memorandum for Technalogy Advances and Forecasts -
Residential/Commercial End-Use Equipment, ADL reference 64460-09, prepared for U.S. Department of Energy,
Contract No. DE-AC-21-88, Apnl 1990 pp- 4-3, 8-4, 8-5, 10-5.

. Arthur D. Lrttle, Inc., Discussion Charts; Task 1: Technology Status - Reszdenrza!/ Commerczal End-Use ~
Equipment and Advanced Power Cycles, ADL reference 64460-09, prepared for U.S. Department of Energy, Energy
Information Administration, March 1990, pp 42-49 58-59

, Gas Research Institute, Baseline Projection .Data Book: GRI Baselme Projectwn of U S. Energy Supply
and Demand 10 2010, 1992 edition, Vol. I, p- 158. .

, Lawrence Berkeley I.aboratory, Energy and Envrronment Division, Energy Analysis Program, Technology
Data Characterizing nghtmg in Commercial Butldmgs Apphcatwn to End-Use Forecasting with COMMEND 4.0,
September 1993. . :

_ Pietsch, J., TAG Technical Assessment Guide, Vol. 2 Electrzcrty End Use: Part 2: Commerczal Electnczty .
Use -~ I 992, Dallas, TX, Electric Power Research Institute, December 1992. :

. Energy Information Administration .o
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-

- US. Congress, Office of Technology Assessment, Buzldmg Energy Eﬁiczency OTA-E-SIS Washmgton
DC, us. Govemment Pnntmg Ofﬁce, May 1992, PP 51-55. .

. U.S. Congress, 0ﬁce of Technology Assessment, Changmg by Degrees: Steps to Reduce Greenhause
Gases, OTA-0-482, Washmgton DC, U S. Govemment Pnntmg Ofﬁce, February 1991 P 122.°;

Energy Information Admlmstrau0n, nghtmg in Commerczal Buzldmgs, DOEJEIA-0555(92)/1 Washington
DC, March 1992 , P-41. ‘

Energy Information Adrmmstratlon, Energy Consumptzon and Conservatzon Potential: Supportmg
Analysis for the Natwnal Energy Strategy, SR/NES/90-02 Washington DC, December 1990, p. 52.

Energy Information Admlmstratlon, PC-AEO Forecastmg Model for the Annual Energy Outlook 1 990
Model Docwnentatzon, DOFJEIA, Washington DC, March 1990, pp. llI-37 to II-39. .

Ve

) Energy Infmmatxon Adnumstranon .
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MODEL INPUT: " Base year equipment market share

VARIABLENAME: TechShareofServiceBASE

MODEL COMPONENT: Technology Choice

DEE[N'JIIQN: ( ' Current year market share of technology kof vintage v that meets service
‘ ‘ demandsmbmldmgtypemeensus Division r.

CLASSIFICATION: - ,InputfromﬁleKrBCH "

Base year market shares for the representative technologies included in the technology characterization data base are
computed based primarily upon consumpuon patterns from CBECS 1992. The computed shares represent the
proportion of demand that is satisfied by the parucular technology characterized by burldmg type for ventilation and
lighting services and by Census lelSlOll for the other major services. Proportions of floorspace serviced by each
alternative technology are used as proxres  for the market shares of demand where actual market share data is
unavallable. These shares are computed for equipment supplymg the major services of space heating, space cooling,
water heating, ventilation, cooking, lighting,.and reﬁ'igeraﬁon.. Addifional sources referenced below provided
ﬁrrther breakdown of the overall market shares for certain_ technology classes de\;eloped from CBECS.

SOURCES: .
Energy Information Admlmscratlon Commercial Buzldmgs Energy Consumptwn and Expenditures 1992,
Public Use Data Diskettes. )

- Energy Informauon Administration. Commerczal Buildings Charactenstzcs 1992. Washington DC, Apnl
1994, DOE/EIA-0246(92), GPO Stock No. 061-003-00850-0.

Energy Information Adsinistration, Lighting in Commercial Buildings, Washington, DC, May 1992, p. 36-
- 37. , ' , ) . . .

Decision Analysis Corporation of Virginia, Lighting System Technology Characterization for the NEMS
Commercial Sector Demand Module prepared for Energy Informatlon Admmlstratron, Contract No. DE-ACO1- .
92E121946, August 1996

 Decision Analysrs Corporatlon of Vn'glma, Ventilation System Technology Characterization for rhe NEMS
Commercial Sector Demand Module, prepared for Energy Informanon Administration,- Contract No. DE-AC01-
92E121946, August 1996.

Decision Focus, Inc.,TAG Technical Assessment Guide, Vol. 2: Electricity End Use: Part 2: Commercial
Elecmczty Use-- 1988, Palo Alto, CA, Electric Power Research Institute, October 1988.

Energy Information Admmlstrauon, Energy Consumptwn and Conservatwn Poténtial: Supportzng Analyszs
forthe Natwnal Energy Strategy, EIA, Washmgton, DC, December 1990.

Huang et al., 481 Prototyptcal Commerczal Buildings for Twenty Urban Market Areas, Lawrence Berkeley
Laboratory, June 1990
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" YARIABLENAME: . TimePrefPrem .

'MODELINPUT: Consumer time preference drstnbutron data SN
MODEL COMPONENT: - Technology Choice - .
DEFINITION: - * " The consumer time preference mterest rate premium is a percentage increment to

*  the risk-free commercial sector interest rate. The Module also requrres the set of
L proporttons of commercial consumers with each time preference interest rate

) _ } premrum segment. ]
CLASSIFICATION: 'Input from file KPREM:

The preference distribution data are composites developed using a set of distributions of consumer payback period

" requirements from the literdture. The principal data sources for these inputs are cited ‘belo,w:‘ ‘These sources include
. Koomey (LEL), DAC/SAIC, four electric utility studies, and an EIA market study. Three of the distributions were
performed for specific technologies, arid two are generalized to Tepresent all technologies. Thesé data are not
sufficient to identify statistically significant differences in commercral sector consumer payback requirement
between classes of technologres Furthermore, some of the utility sources Tepresent best guess” rules used to
charactenze potential demand-side management customers rather than data from a statistical survey. Therefore,

. since these hmrted data preclude the development of trme preferences as functrons of technology charactensncs,
average distnbutton across all technologres is apphed ‘

The average consumer time preference distribu_tion is calculated as follows. Each source lists the proportions of

' commercial sector consumers with payback requirements by year, from zero to ten years. These payback
requirements are first converted to implied internal rates of return for each year of the distribution for each source.!

" 'Then the risk-free interest rate (for purposes of the study, the 10 year Treasury bond rate for the year corresponding
to the payback stndy was used) is subtracted.from each 1mphed rate of returnto yield a consumer time preference.
premmm dlstnbut:lon for each source Each drstnbutlon is drscrete consrstmg of eleven cells, correspondrng to the
eleven payback years. These are subjected toa srmple anthmeuc average across studres to form a composite

_ distribution? Fmally, the resultmg average distribution is aggregated to yreld a drstnbution of six time preference
segments

/

The assumed distribution of consumer time preference premiums is assumed constant over the forecast horizon.

‘ 'The conversion to 1mp11ed mtemal rates of return assmd mrd-year payments anda thrrty year amoruzatron penod

’The Treasury bond rates were obtained from the S_t;ans_nc_al_Ahsmand from personal commumcatton w1th EIA's
Macro and Financial Informatron Branch staff. .

“*The- proport:lons for the eleven cells were averaged directly. The consumer time preference premiums for each cell
were averaged, weighting by the proportion of consumers. These rates drffered shghtly because of variations in the zero
risk interest rate between sources. _ !
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However, the Commercial Sector Demand Module allows variation in the distribution on an annual basis to

accommodate simulation of policy scenarios targeting consumers’ implicit discount rates. '

. Koomey, Jonathan G., Energy Efficiency Choices in New Office Buildings: An Investigation of Market
Failures and Corrective Policies, Ph.D. Dissertaﬁon, University of California at Berkeley, 1990 p.16. =

: Decision Analysis Corporatlon of Vlrglma and Science Apphcauons Intemauonal Corporatmn, Alternative
Methodologies for NEMS Building Sector Model Development: Draft Report, prepared for EIA under Contract No.
DE-AC01-92EI2 1946, Task 92-009 Subtask 4, Vienna VA, August 3, 1992, p. 14. .

- U.S. Department of Commerce, Bureau of the-Census, Statzstzcal Abstract of the United States 1990 (IIOth
ed.), Washington DC, 1990 p.510.
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VARIABLE NAMES: . - TechCost, TechLife

'MODEL INPUT: : Equipment characteristics (see Definition below)

MQDELQQME)EENL Technology Choice )

DEEINITION: » . B ‘ Installed unit capital cost, annual operatmg and mamtenance cost; and: eqmpment
. ' ‘ llfetrme in years for specific technologxeslmodels A

CLASSIFICATION: -InputfromﬁleKTECH .

- Capital and installation costs are combined to form installed capital casts, based upon available data. The
Technology Choice algorithm does not require the separation of capital and installation costs, and currently does not
retain information describing absolute equipment capacity. Installed unit caprtal costs (installed capital cost per
* thousand Btw/hr output capacity, per 1000 lumens in the case of lrghtmg, or per 1000 cfim for venulatlon systems)
and the annual unit operating and maintenance costs vary by technology and vintage for the servicés of space
heatmg, space coolmg, water heating, venulanon, cookmg, hghtmg and refngerauon They are’ developed from a

- variety of sources, referenced below.

Decision Focus, Inc., TAG l‘echmcalAssessment Guzdc Vol. 2; Electr-rctty End Use: Part2: Commercial
Electricity Use -- 1988 Palo Alto, CA, Electric Power Research Institute, October 1988, pp. 5-48 to 5-84, 6-33, 6-
40.

. Arthur D, Little, Inc., EIA. f‘echndlogy Forecast Updazés, ADL reference 41615, preparéd for U.S.'
Department of Energy, Contract No DE-ACO01-92EI21946, June 1995.

-Arthur D. thtle, Inc., Technical Memorandum for Technology Advances and Forecasts -
Residential/Commercial End-Use Equipment, ADL reference 64460-09, prepared for U.S. Department of Energy,
Contract No. DE-AC-21-88, Apnl 1990, pp 4-3, 8-4 8-5, 10-5. .

" Chaing, J.H., ed., Means Electrical Cost Data, 17th Annual Edmon R.S. Means Company, Inc., ngston,
MA,-1994.

. Decrsron Analy31s Corporauon of Virginia, Lighting System Technology Charactenzatwn for the NEMS
Commerczal Sector Demand Module, prepared for Energy Information Admlmstratron, Contract No. DE-ACO1- |
92EI121946,'August 1996. ‘ , , : .

Decrsron Analysis Corporauon of Vlrgrma, Ventzlatwn System. Technology Characterzzatzon for the NEMS
Commercial Sector Dernand Module, prepared for Energy Informatlon Adm1mstrauon, Contract No. DE-ACOI-
92E121946 August 1996. - N .

- Gas Research Institute, Baselzne Projectwn Data B_ook. GRI Baseline ProJectzon of U. S. Energy Supply
and Demand to 2010, 1992 edition, Vol. I, pp. 156-158. - , . -

Lawrence Berkeley Laboratory Energy and Envrronment Drvmon, ‘Energy Analysis Program, Technology
Data Characterizing nghtmg in Commerczal Buzldmgs Application to End-Use Forecasting wuh COMMEND 4.0,
 September 1993. » :

Means Southern Construction Information Network, Means Facilities Construction Cost Data, 1995.

. : © Energy Information Administration
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Means Southiern Construction Information Network, Means Facilities Maintenance and Repair Cost Data,
1995. . : ;L : ' '

Pietsch, 1., TAG Technical Assessment Guide, Vol. 2: Electricity End Use: Part2: Commercial Electﬁcity
Use -- 1992, Dallas, TX, Electnc Power Research Institute, December 1992. .

, U.S. Congress, Office of Technology Assessment, Buddmg Energy Efficiency, 0TA-E&518 Washmgton,
DC, U.S. Government Printing Office February 1991,p.122. . .

Energy Informauon Admmlstranon, L:ghtmg in Commercxal Buzldmgs, DOHEIA—0555(92)II Washmgton,
DC, March 1992, p. 41.

Energy Information Admlmstratlon, Energy Consumption and Conservation Potential: Suppomng Analyszs
Jor the National Energy Strategy, SRINES/90-02, Washington, DC, December 1990, p.52.

< Us. Department of Energy, Energy Information Administration, PC-AEO Forecastmg Model for the
Annual Energy Outlpok: Model Documentation, DOE/EIA, Washmgton, DC, March 1990, p.IiI-37 to I-39."

Geller, Howard S., Commerctal Building Equipment Efficiency: A State-of-the-Art Review, report prepared

for the U.S. Congress, Office of Technology Assessment, Energy & Materials Program by The American Council
for an Energy-Efficient Economy, Washington, DC, May 1988. .

4
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VARIABLENAME: ~ TechAvailability

MODEL INPUT: Equipment Availability

. MQDELQ_OME)NENL  Technology Choice '

DEFINITION: = = . ~ Availability of equrpment technologylmodelby year
CLASSIFICATION: ' Input from file KTECH | |
DISCUSSION:

The first year in which technologres ‘become available corresponds to efficiency and cost datain the EPRI, ADL,
 GRi, OTA and EIA sources cited below for space heatmg, space cooling, water heatmg and lighting technologres In

" some cases, where ‘typical’ ﬁrture costs were provided for specrfic years, the first year. of avallabxlrty was adjusted to
be somewhat earlier, i in order toreflect the time needed to achreve production levels necessary to Justrfy the typrcal’ .

"cost. In addition, the Natronal Energy Policy Act of 1992 Trtle I, Subtitle C Sections 122 and 124 provrdes
commercial equipment eﬁcrency standards applicable to units manufactured after January 1, 1994. This iriformation

- is combined with the prevrously cited sources and professional expectatrons to estimate the ﬁrst-avarlable and last-

available year for each technology that is subject to the standards '

Decision Focus, Inc., TAG Technical Assessment Guide, Vol. 2: Electricity End Use; Part 2: Commercial
- Electricity Use - 1988, Palo Alto CA, Electnc Power Research Institute, October 1988, pp. 5-48 to 5-84, 6-33, 6-40,
7-16 7-19. . :

Arthur D, Lrttle, Inc., EIA Technology Forecast Updates, ADL reference 41615, prepared for U.S.
Department of Energy, Conu'act No. DE-AC01-92EI21946, June 1995.

Arthur D. Little, Inc., Technical Memorandum for Technology Advances and Forecasts
Residential/Commercial End-Use Equipment, ADL reference 64460-09, prepared for U.S. Department of Energy,
Contract No. DE-AC-21- 88 Apnl 1990, Pp- 4-3, 84, 8-5, 10-5.

Arthur D Little, Inc Dzscusswn Charts, Task I: Technology Status ReszdentzaU Commerczal End-Use
- Equipmerit and Advanced Power Cycles, ADL reference 64460-09, prepared for u.s. Departrnent of Energy, Energy
" Information Administration, March 1990, pp 21, 42-49 58-59.

. Decision Analysis Corporatron of Vrrgrma, Lxghtmg System Technology Characterization for the NEMS
- Commercial Sector Demand Module, prepared for Energy Information Admmrstratron, Contract No. DE-ACO01-
, 92E121946 August 1996 , . .

) Decrsron Analysrs Corporatron of Vn‘grma, Venulatton System Technology Charactenzatwn for the NEMS
. Commercial Sector Demand Module prepared for Energy Information Admmrstranon, Contract No. DE-ACO1-
92EI21946, August 1996.

. Gas Research Instrtute Baseline Proyectwn Data Book: GRI Baseline Pro;ectwn of U.S. Energy Supply
and Demandto2010 1992 edition, Vol. 1, pp. 156—158 L

. Lawrence Berkeley I.aboratory, Energy and Envrronment Drvrsron, Energy Analysrs Program, Technology
Data Charactenzmg Lighting in Commerczal Buzldmgs Appltcanon to End-Use Forecastmg with COMMEND 4.0,
September 1993 .

Ty

Pietsch, J. TAG Techmcal Assessment Guide, Vol. 2: Elecmczty End Use; Part 2: Commerczal Electrzczty

. . Energy Information Administration .
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Use -- 1992, Dallas, TX, Electric Power R&search Insutnte Deceimber 1992.

u.s. Congress, Ofﬁce of Technology Assessment, Bxaldmg Energy Eﬁiczency, OTA-E-5 I 8, Washm ston
DC, U.S. Government Printing Office, May 1992, pp. 51-55.

u.s. Congtess, Office of Technology Assessment, Changing by Degrees: Steps to Reduce Greenhouse
Gases, OTA-0-482, Washington DC, U.S. Govemment Printing Office, February 1991, p. 122.

Energy Information Administration, Lighting in Commercial Buddzngs, DOEIEIA-OSSS(QZ)/ 1, Washmgton

.~ DC, March 1992, p. 41.

Energy Informanon Ademstratlon, Energy Consumption and Conservation Potential: Supportmg
Analysxs for the National Energy Strategy, SRINESI90-02 ‘Washington DC, December. 1990, p. 52. -

u.s. Congress, House of Representatlves Energy Policy Act of 1992: Conference Report to Accompany
H.R. 776, 102nd Cong., 2d sess. October 5, 1992. o

. Energy Information Administration )
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 MODEL INPUT: . Adjusnnentto SEDS to matsh NEMS sectotal deﬁmtlons

' VARIABLENAME: . TranfromSEDS =~
' MODELCOMPONENT: - = Bewhmarkifg ~ ~ -
DEEINITIQJ& : T Commercnal—rate energy consumpuon for. transportauon purposes aunbutableto
. . .‘ thetransportatlonsector
'CLASSIFICATION: ~Input from file KCALTRN
DISCUSSION: |

. There are several differenées\ between the sectoral classiﬁcaﬁqn definitions used by NEMS and tilose employed for
SEDS reporting. In particular, sectoral classification'in SEDS is based on supplier classifications of customer
accounts, by whatever means supphers choose touse. Asa result, where SEDS quantities include contributions
‘known to properly belong to NEMS sectors other than the commercial sector, adjusunents are made to the SEDS

7 data prior to benchmarking the Commermal Sector Demand Module forecasts.’ Tranﬁ'omSEDS contams fuel o

quantities included by SEDS in the commercial sector, because they were purchased at commercial rates, but which
were purchased for actwmes that properly belong to the transportation sector, such as fuel consumptlon by
AMTRAK. “They are input to the Commerclal Module from file KCALTRN and subtracted from correspondmg

- SEDS consumption figures in the appropnate Census lelSlOl‘lS

David Chien, Energy Information Administration. Pe;soqal'communication, October 1995.
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Appendix B. Mathematical Description

This sectlon provrdes the formulae and associated mathematical deccnpuon which represent the detarled solutron
algonthms arranged by sequentral submodule as executed in the NEMS Commercial Sector Demand Module
’ Certain conventions, nomenclature, and symbols used in the equations are defined below.

.In general, the followmg convenuons for subscript usage are observed in this section. Additional subscnpts are
defined later in this appendlx where necessary. Discrete values assumed by the subscnpts and categones of such .
values, are described in Table 2 of Chapter 2:.

thssnm mmwmmﬂm ' :
Census Division o

b - NEMS Commercial Module building type
b’ NEMS MAM building type -

s End-use service
“Fuel
. d Equxpment decision type (values of 1 through 3 correspond 1espectively, to the New,

Replacement, and Retroﬁt decision types)
t Technology class

v Vintage or model of ﬁoorspace or equipment, depending upon usage
t - Alternate technology class, for companson with technology class t
v Alternate vintage or model of floorspace or equipment, depending on usage

Consumer time preference premium segment
Year designation (unless otherwise indicated, year ranges from 1993 through 2020, with the year )
"1993 indexed to the value 4inthe FORTRAN code. The equatrons below treat y as the calendar
. year) , _
b & Building stock designation (a value of 1 con'esponds to exrsung buildings, a'value of 2

corresponds to new constructron) ‘ ' N ‘ -

Energy Information Administration . -
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In addition, the following standard mathematical symbols ar; used in the formulae, primarily to indicate over which
values of the subscripts the formula is evaluated: B ' ' S

\

" Symbol Meaning

v © . forall .
€ ' ﬁelonging‘ to the category-of
3 such that
3 . thereexists
sorx muiﬁplicétion »

Use is also made of several vanables that represent ‘ﬂags mdlcatmg conditions observed by. the ‘model dunng input
of certain data. These ﬂag variables and Ihen' deﬁmtlons are:

FuelByTech ¢ = 1 if technology t uses fuel f,andis 0 otherwxse

TechbyService ., = 1 if technology t prowdes service s, and is 0 otherwise.
Most formulae are evaluated only for the current year :of the forecasts. Subsc;ripis appearing on the left side of the
'etiual sign (=) without éxplicit fgsu'ictions indicate that the formula is evaluated for every combMon of applicable
values of those sub;cripfs. The variables over which summations are peﬁomed are indicated, but often without
restriction. In those cases, as with the subscripts, they assume'all applicable values. Applicable values are generally
all major and mmor fuels for the fuel subscript, f; all major semces for the end-use subscnpt, s; and all possible
values for the remalmng subscnpts In any event, fuels and services mvolved in calculauons where technologles are
explicitly referenced are always restricted to the major categories.
" The equations follow the logfc of the FdRTRAN source code very closely to facilitate an understanding of the c;)de .
and its structure. In several insta.nces, a variable 'na‘tne will appear on b’oﬂi sides c;'f an equation. Thisisa
FORTRAN programming devicé that allows a prei'ious calculation to,Be updated (for example, multiplied by a
factor). and re-stored under the sat‘ne, variable name: The equations are discussed in the text ‘of Chapter 4. The
variables appearing in the equations are cross-referenced and fully defined in Appendix A, Table A-1.

{
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Floorspace Equations

Loglstic Bullding Survival Function:

S 1
_CMSurvRate(b, y.-yo) = o CHGama®) .
0 .
( CMAngge(b)] B-1) A
Yo = Yyear of construction -
Backcast 1892 existing floorspace to new construction ‘In original year of ;onstrucﬂon: . .
' CBECSFirSpc,,, ,
CMNewFloorSpace :
o CMSurvRate (b, CBECSyear - ) ” (B-2)

y! = orzgmal year of constructzon CMVzntage

r.byv

il

where v rangeé over each of the nine floorspace vintagé ranges and repfesents the median year of const:ruction within -
the intervals, of: 1) prior to 1899; 2) 1900-1919 3)'1920-1945; 4) 1946-1959; 5) 1960-1969; 6) 1970-1979; 7) 1980-
1986; 8) 1987-1989; and 9) 1990-1992. In this case, y' ranges from 1825 through 1992.

Previously-constructed floorspace gurviving into the §unent year:

. . ‘
SuerloorTotal,'b’y:= 7 t [CMNewFloorSpace CMSurvRate(b y-y ] (B - 3)
- ) y'=CMOldestBldgVint ‘

Flrst estimate of new floorspace construction:

E[mmcascs,,,, MC_ com!m J,,,]

CMNewFloorSpace, ,, = CMTOWIFIPC, o cartsyes *

P> [DRIwCBEcs,, ,+ MC_COMMFLSP,,, mﬂ] (B -4)

. - SurvFloorTotal,

‘Where the tilde (~) indicates the first estimate of a variable that is iteratively calculated twice in the system of
equations B-4 through B-10. ' "

Energy Information Administration
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CMNewEiadrSpdcer’b;y’ =.MAX ( CMNeWFloorSpacer’ b,;: ’0) ‘ (B-5)

o

First estimate of total mmhl floorspace:

CMTotalF Ispc

Criy SuerloorTojal,; by * éMNewFloorfSpacer’ by '. (B-6)

Ratio between Macro Model and first estimate ¢omme{cial Module floorspace g‘rowth rates:
| ( wmccomrse )| T cMtowtmie,,, |
CDRatio, = | S o COMMFLSP | g ’ N (B-7)

B T "I'FBEC%W _ %CMTotalFlspcr'b'CBE\csy'w 3 .

Where the value of 1 for the mlddle subscnpt of MC._ COMMFLSP denotes the Census D1v151on total commercial
floorspace, across all NEMS MAM (DRI) bulldmg types.

. " )
. Revised forecast of new commercial floorspace construction and total foorspace: -
_ . T [DRItoCBECS;, s : MC_COMMFLSP; ;)
" CMNewFloorSpace,,,, = CMTOalFISPC, 5 czprsyesr * —— - CDRatio,
‘ X [DRItoCBECS,,, - MC_COMMFLSP, ,/ carcsyes) (B-8)
A

- SurvFloorTotal, ;..

' _CMVewFloorSp‘acé;,;’y = 'MAX(CMNewFloorSpacer,b'y ,O) . - (B-9)

CMT. otalFlvacr,b’y = SuerlodfTotal,,b,y + CMNev;'FloorSpacer’b,y : '(B - 1‘0)

o Energy Information ‘Administration
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" . Service Demand Equations

Total Energy Use Intensities:

ComEtl'I . b,Q’; F - '

ComEUI rb.sf
f € {Major Fuels}.

" F = "total across major fuels" = CMnumMajFl+1
Split Office Equipment EUI Into PC and Non-PC if not specifisd separately:
If Base¥rPCShrofOffEGEUI > O ' Then

ComEUL,; . supcosar = COMEUL,,  pcopsas * (1 = BaseYrPCShrofOffEGEUI)

ComEUL, ;. pcogeqf = ComEUI, ,, .. pcogess * BaseYrPCShrofOffEqEUI -
f € {MajorFuels} . '

-

Otherwise, unchanged

Total consumption by end-use In 1992:

CforStotal,, | = ; [ComEUL, , . - CMTotalFIspc, ; cppcsyun] v
, _ .
End-uge fuel consumption in 1992 in bulldings to which particular equipment is restricted:
CforSrestrict[.,'M 9= Z [ComEUI b - CMT: otalFlspc, b.CB.ECSyear (1 - EquipRestﬁction,';'b.r)]
. b

Techavailability,,; s CBECSyear

Energy Information Administration
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-

Revise Initial équipment market shares to reflect bullding iest!cﬁbns:

TechShareofServiceBASE ., ., = TechShareofServweBASE bty Equs’:sw_:i if EquResmctzon subr =0
. Co forSrestric

, . -1
o, . otherwise (B 5)
TechAvailability,, , s CBECSyear
Tec"hShareonS'erviceBASE B
TechShareoﬁS’ervz cespsrs = .}: ‘Z T echShareofServzceBASE, blstly!
/ ' (B - 16)

TechAvazlabzlzty,/ 1 8. CBECSyear
TechAvazlabtlzty“,1 < CBECSyear

N - '

Here, b' is uséd as an alternative NEMS Commercial Module buildixig type index rather than as a NEMS MAM

(DRI) building type mdex, in order to represent an expression that depends both on a partlcular bulldmg type and a
summation over all bulldmg types.. ) :

s - .
‘Apply fuel-specific factor to bring 1992 equlpme‘nt‘market' shares and EUI's into agreement: ~ . .

)t AP ~r

'ComEUI,, , . TechShareofServzceBASE,bs’,, b
KSeale. = ComEUL , .; |viv> Fulirechinp=t . -TechEff, .. |

o Yy ( oy TechShareofServzceBASErb “’) :
F'e{MajF1}y [\ V1,v > FuelbyTech(1£)=1 ,

-ComEUL,, R : (B-17)
ComEUI : . :

r, b,s,F

- '~ E , [TechShareofServzceBASE,b s,v]

~ Viw > FuelbyTech (t£)<1 TechEﬁJ/,v

' . Energy Information Administration
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= .TechShareofServiceBASE

TechShareofServzceBASE iS4 bis ,’v KScale ‘
- (B-18) .
f € {Major Fuels} ‘v’ Ly > FuelbyTech =1 _
VSQndc'e Demand Intensities (SDI) prevaﬁlng in 1995:
2 ComEUIL, .
' ServDmdintenBASE shr =
- TechShareofServzceBASE By
V"t,v 3 TechEﬁ",_U'v*'o' ‘ : TechEﬁ S.4v (B - 19)
s € {Major Services} ; F = "total across ﬁtgis" = CMnumMajFl + 1 . )
ServDmdIntenBASE _, . = ComEUI, , .
' . - - - (B-20)
s € {Minor Services}; F = "total across fuels" = CMnumMajFl + 1 .
Baslc forecast of service demands In ﬂoorspacg surviving into current year:
" . ServDmdExBldg .s:,b,r,y = .SeerdentenBASE SR 1073 - SuerlabrTotalr"b,y
. R o (B-21)
s € {Major Services}
ﬁlculm the current year efficiency of su;'vlvlng bage-year fioorspace (upper bound is péﬁv shell_efﬂcléncy);
1 \G-CBECSyear)
ExistShBaseStock ,, = (Maxzmum(Exzstlmprov,ShellEﬁlndexb 2 )(”IS'CBE“’”'))
. (B-22)
s € {SpHeat, SpCool}
Energylnfoxmanon Ad:mmsuanon‘ ) - i B-7
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Compute the heating efficiency index of sui-viving floorspace as welghted average of surviving base-year stock and post
" base-year additions: . ’ . S

ShellEffTndes, , , = ExistShBaseStock

s.b.ry

+ (SurvFloorTotal, , ~TotNewFs)

1

-1 Co- o . . : - 1 ’ /-CBECSyear)
L E CMNewFloorspace, ,, , ShellEffindex, . ,* ( Newlmpry (2015-CBEGSyear) (B-23)
y=CMFirst¥r . . VIR oo .

s € {SpHeat, SpCool} ‘ L ST e s

Interpolate effect of improving shell efficlencies on service demands in 'survlvlng_ﬂopljspace:‘

ServDimdExBldg,, = = ServDmdExBldg,, . - ShellEfindex, ,, L
R ‘ : (B - 24)
s € {SpHeat} ’ ' '

ServDmdExBldg, ., = ServDmdExBld,,,,. - [(ShellEfindex, ,,-1.0) - (*0.1)+1002]
o | o o | (B - 25)
s € {SpCool} I

Baslc forecast of service demands in new floorspace construction:

NewSersDmd, ,, = ServDmdlntenBASE, , 107 - CMNewFloorspace,

(B -26)

s € {Major Services}

. Calculate the current year improvement to new hgaﬁng shell efficlency: .

: - 1 (y-CBECSyear)
NewShAdj = ( New]mprv (2015‘C55C3}'ear)) ‘ ‘
‘ " : . : (B-27)

s € {SpHeat, SﬁCbol}

interpolate effect of improving shell efficiencles on service demands in néw floorspace: -

= NewServDmd

s,b,ny s\b,ry

, NewSeryD: * ShellEffindex,,, , - NewShAdj -
. , (B -28)
s € {SpHeat} .

1

’
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= NewServDmd.,,,,. - [(ShellEffndex,,» NewShAdj - 1.0).+ (~0.0309) +1.0315]

NewServDmd,_, ., .
: : (B -29)
s € {SpCool} .
Effect of serviced floorspace proportion difference between surviving apd new éonstrucﬁon:
‘ . : ServicedFlspcPro
NewServDmd, , | = NewSerDmd,,  ~ ——— " 2 Lbsnas .
| . ServzcedFlspc_'P{'op bsedsng (B -30)
s £ CMnumVarSDI
Minor service demand forecast with 1992 average efficlency Indexed to one:
ServDmdExBldg,, = ServDmdintenBASE, ,  x 107 - SurvFlooiTotal, , .
: . (B - 31)
s € {MinorServices}
. NewServDmd_, ; = ServDmdIntenBASE |, . x 107 - CMNewFlobrspa'cen by
e L E ’ oo (B - 32)
s € {Minor Services}
Effect of continuing market penetration on démands for certain services:
ServDmdExBldg b',;y = Se_erdexBidgs'b’r’y - MarketPenetration 2
S (B-33)
s € { OfficeEquipment:PC, OfficeEquipment:NonPC, Other}
NewServDmd, , . = NewServDmd by Mar{cetPenetfaﬁons,y
, » ) _ (B-34)
s € { OfficeEquipment.PC. OfficeEauipment:-NonPC. Other)
Reduce demands by amounts @mw using solar energy directly:
T SolarRenewableContrib, SurvFloorTotal, ,
ServDmdExBldg, , . . = ServDmdExBldg, ,, - 2P . 82
- . CMNumBldg TotalFloorspace,,, , (B - 35)
s € {Solar Services} ’
. Energy Information Administration
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Amount of service demand requiring replacement equipment due to equipment failure: ’
: , olarRenewableContrib, ., CMNewFloorspace,, .
= NewServDmd _, ~ : sy b,

;:,b,r,y s.b.ry - ]
. - CMNWB;Idg . .TowlFloorspace,, , ) (B-36)

NewServ.

'

.

s € {Solar Services}- -

: ‘ ’ ' ' PrevYrTechShareofService
RetireServDmd _;, , = ServDmdExBldg, , . * z[ Sl ofServi r.b.:.r,v] |
. , ‘ecthfe.,'? (B-37)
- Yt TgchbySeriwice"fl -
Amount of service demand satisfled by working equipment, but subject to the retrofit decigion:
SemeZ?aSuws, by = ServDmdExBldg by ReﬁreSeermds;b’r,y ‘ @ ~ )

y > CMFirstYr

: . . Energy Information Administration
B-10 ‘ * NEMS Commercial Module Documentation Report



Technology Choice Equatibns ) ‘ :

Proportion of scrvlce demand affectod by falled oqulpmem:

PreerTechShareofServzce

rb,s,Lv

ReplacementProportion, , . = E ‘TechLife
‘ b, ecnLye,

¥ tv > T echby.\S'ervice;,,=]7

.- Equipment share of service demand not requiring equipment replacement:

= PrevYrTechShareofService

(1 " TechLife, ]

.

SurvivingShareofService

rnbstv nb.s.v :

Y t,v 3 TechbyService, =1

Fuel shares of service demand not requiring equipment l;eplacemeni:

1 - ReplacemenzPrapomon

Surt;ivingFuelShareofServicé rbsf = E[ SxiritivingShareofSe/rvice sy -FuelbyTecI;, 5 ]

-

Y tv > TechbyService(s,t)=1

Failed equipment shares of service demand requiring equipment replacement:

b,s

1
PreerTechShareo ervice ‘
. A rb.sity Tecthfe o
ReplacementShareofService,,, ., ,
' : i ReplacementPropomon
Egergy Information Adrmmsuanon

NEMS Commercial Module Documentation Report
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Fuel shares of service demand requiring-equipment reblacement;

ReplacementFuelShareojServzce, biss = 2 (ReplacementShar eafse""’cerb sty R ”elbyTe"hrJ) (B 43)

. Vt,v > TechbyService, = 1
Incremental cost of heat'pump to provide heating over cost of standard cooling equipment:
TechCost , = TechCost,, , - Tech(,jost CoolingTechindexHP,v,1 ' (~B "

t VE {Heatpumps for. SpHeat}

This is a one-time adjustment-performed following the input of TechCost from the KTECH file. ‘L
- . \ A ’
Cost Trend Function when flag CostTrendSwitch is set to'one:

-TechCost ' .
' el (1 8)- TechCost,”, for Infant technologies

1+ 22
Yo=Y1

'KEqCost(,v,y." CAP")

TechCostwl*2-6 o o ‘ )
+ (1-8) - TechCost,,, , for Adolescent technologies
¥ |Y : : : L
1+
Yo~ h1 . ¥
T | (B - 45)
TechCost

12 for Mature technologies

Y = shape parameter corresponding to the rate of price declme,
0 = toral antzcxpated percentage declme in real cost from the mztzal value,

Yo = year dictating the curve's mﬂecuon _point,

= effective year of mtraductzon for the gtven technology

TechCost,,, is used if CostTrendSwitch is set to zero.

) - Energy Information Administration L
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Calculate the shell efficlency factor for space heating equipment directly from the shell etficlency indices calculated in the
Service Demand Submodule: )

ShellEffFactor,, = ShellEffIndex,, , .
o (B - 46)
s € {SpHeat}

Modify the space heating Indlcos by the adjustment for thermal lnteérltyto obtaln the space cooling shell efficlency fgctor:

) ’

: Shell,EﬁFactorl = (ShellEffindex, ., ~ 1)+ 0.1+ 1.003"
ShelIEﬁTactor2 = (ShellEﬁIndax,, >+ NewShAdj - 1)- ~0.0309 + 1.0315 (B -47)

s € {SpCool}

Annualized cost of new equipment:

MC_REALRMGBLUS ,
. [ 100 X+ TunePrqurem&p'y]
AnnualCosfTech,,,, = KEqCost(t,v,y,"CAP") - =
MC_REALRMGBLUS, ~Techllfe,s
L 00 + TimePrefPrem, ,
+ TechCost, 2 CapaaryFaczo by - . . R , . -
L. rbs . (B - 48) /

+ ShellEffFactor, - %wl CapacityFactor, ;. + FuelCost; . .

nanLy

ConvFactor = 8.76 for s + lighting; 033431 for s = lighting
f, = fuel used by t S

where the third subscript of TechCost is 1 for annual capital cost per unit of service demand and is 2 for annual
operating and mamtenance costs (excluding fuel costs) . The variable ShellEffFactor is mvolved in the calculatlon

i only for space heanng and space cooling. Because only the relative costs of choices are important within a given

' bulldmg, to simplify the calculation actually evaluated by the model the equatxon above is divided by
Cap&cxtyFactor, which has the same value for all equipmént providing a given service in a given building type and
Census Division. FuelCosty,,,. is the price of fuel fin Census Division r dunng year y for end-use semca s (the )
subscript s is only applicable for electricity prices) for the default mode of myoplc fores;ght and the expressmn in
Equation B-49 when optional price expectations modeling is used.

NEMS Commercizl Module Documentation Report — B-13
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LCINRAF,

Expression for FuelCost when‘opﬂonal price expectaﬁons are used:

™ 1 y + Techlife,, - 1 <
FuelCost —_— ‘Xprice, oo
f nyhs ~ Tgchl'lfe"v ygy ‘ ) P . fpr.y-{ . . . -v ) (B 49)

£, = fuel usedrb.y.t .

Least COct Declslon'Rulex'— identify least cost equipment: ) ‘
e A ; - ‘ ol
Find t,v such that’ AnnualCostTech, , ; < AnnualCostTech, ;¥ t',v (B-50)
then LCINRAF, , ‘= t and LCTNRAF, , = . B
I;CI‘NRAFP', represents the technology class w1th the least ‘annualized cost.

02 represents the technology model with the least annuahzed cost.

. Same Fuel Declsion Rule - identify least cost equlpment using the same fuel as the existing stock

- Find tv > AnnualCastTeéh v S AnnualCostTech ot V! 5 FuelByTech(t!,f)=FuelByTech(1,f)=1,
then LCINRSF =t and LCTNRSF ’ ; L.

r o : (B-51)°

Ifazr> FuelByTech(t,f) = 1, then LCYNRSFPJJ =_LC'INRSFP$2 =0 B N

f € {Major Fuels}

‘where LCI‘NRSF‘,;,;, represents the technology class with the least annualized cost, and

LCI‘NRSF,, £2 represents the technology model with the least annualized cost.

Same Technology Declslon Rule ldentify least cost model ln current technology class:

~
+

and v such that AnnualCostTech y S AnnualCostTech / v v/
then LCVNRST, (B-52)

7 . . R .

LCVNRST,, represents the technology model with the least annualized cosﬂ

: v " Energy Information Administration -
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Market gshares of equ_lpment within least oost Behaﬁor segment of new and replacement declision types:

LCMSNR,, ="y TimePrefProp_

P o (B - 53)
V p 5 LCINRAF,; = t‘and LCINRAF,, = v _

Equipment market shares within same fuel behavior segtﬁent of new decligion type:
, » . !

SFMSN,,, = E [TimePrqu:’rbps’p,y * PrevYrFuelShareofService,, sJ,]

¥ p > LCINRSF, , =t, and LCINRSF, ;,=v, fe{MajFuéls} (B ~5%)

-

' Equipment market shares within same fuel segment of replacement decision type:

SFMSR,, = E [TimgPrefffops'p'y‘- ReplacebzentFuelSharéofService,, bsf)

¥ p > LCINRSF, , =t, and LCINRSF, ,,=v; fe{MajFuels} ~(©~5%)

Equipment market shares within same technology of new decision type:

STMSN,; = v w%m ) TinzéPrqurops,p'y] . [; PrevYrTechShareofService, ,, . 1 (B § 56).
’ ’ [T . S 4% . i

Equipment market shares within same techr{ology behgvior segment of replai:ement decision type:.

© STMSR,, = | - Z TimeP}efProps . EReplacementShareof_Service ssiv'| (B -57
_ ' Vp >LCVNRST,,=v 24 I e i _ _ rbsi'| (B - 57)

Energy Information Administration ‘
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' Equipment market shares within new decislon type, consolidated across behavior segments:

MS

b,s,1.1y

I

= BehaviorSkare,,,, ~LCMSNR,,
+ BéhaviorShare |, * SFMSN,,V' R (3 - 58)
+ BehaviorShare,, , - STMSN,, '

Where the subscnpt ‘1" appearing in MS and the next to last subscnpt of BehavzorShare represents the decrsron type,
and, irf this case, corresponds to the ‘new’ decision. The last subscnpt of BehavzorShare represents the behavior .
rule. '

i

" Equipment mariet shares within replacement ‘deetslon type, cenaondateq across behavior eegmems: '
MS, 5,=. \BehaviorShare_, , | ILCMSNRW | ‘
© + BehaviorShare,, ,, - SFMSR,, (B - 59)
‘+fBehav'z'orShareé’b'2,'3 - STMSR, , | |

1

Where the subscnpt 2 appearmg in MS and the next to last subscript of BehavzorShare represents the declslon type,
and in this case, corresponds to the replacement decision. .The last subscript of BehavzorShare represents the
behavror rule.

. - P Energy Iiformation Administration
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Annualized cost of retaining existing equipment, reltitlve to retrofitting:

ACE,,, = TechCost, ,, + CapacityFacior, ,,

MC_REALRMGBLUS -
( = Y. TMdPrm&P.,) :

MC_REALRMGBLUS, ) ~Techiife,, -
1- (l + 0 2+ TunePrefPr}anm’ _
(B - 60)

- RetroCostFract, ,* KEqCost(t,v,y,"CAP") +

ConvF CapacityFactor,,, " ¥ "

nvikactor AX :

+ ShellEffFactor, « ZEE I« KM 3 Xpriceg1.
€ChEL, o1 3 TechLife,, = ¥'-y

ConvFactor'= 8.16 for s ¢ lighting; 0.3343! for s = lighting
'f, = fuel used by t

‘The variable ShellEffFactor is involved in the calculation onfy for spaceheaung and space cooling. Bécause only
the relative costs of choices are important within a given building, the equation above is divided by CapacityFactor,
which has the same value for all equlpment prowdmg a given service in a given bmldmg type and Census Division,
to simplify the calculation actually evaluated by the model. LCTRetAF,,,, represents the technology class with the

least annualized cost for retrofit decisions, and LCTRetAF,, ,, represents the technology model with the least
annualized cost for retrofit decisions. ‘

ldentlfy least cost nltemaﬁve for retroﬂt decigion, following least eost behavlor

Fmd t',v! such that AnnualCostTech oyt S ACEmp
. if none found, set t'=t , v’ v
. If t ,v unavailable, set t’ =y/=0

then LCTRetAF ot = t!, LCTRetAF 2 = v/

(B-61)

Identify least cost r_eiroﬂt alternative for same fuel behavior:

"and t/, v > AnnualCostTech il , < ACEW fu =T

IFaAt,v, sett'=t,v'
IfAtw,sett'=v \0

(B - 62)
" .then LCTRetSF,,,, = » LCTRetSF,, ., = _’ '

Energy Information Administration
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tdentify least cost retrofit alternative for éame’mchnology behavior, when obﬁonal retroﬂtﬁng lg allowed:

Find v’ > AnnualCostTech o < ACEt’v .o Y vl . ,
“If BV, set vi=v. - - . . (B - 63)
then LCVRetST,;, =v : -

i
_Equipment market shares within least cost behavior segrent of retroﬂt\declslo‘n type:

LCMSRet,, =Y [szePrefProps 2y SurvzvmgShareofServzce,/ WK
V t/,v!s LCTRetAF ,, '1" LCTRetAF ity ,2-v Vp

.

(B-64)

Equipment market shares within same fuel behavior segment of retrofit decigion type

‘SFMSR?tw =Yy [TimePrefProp y SurvivingShareof.’S’ervice‘} 1 ' ® i 65) '

14,7
i} V t'v'> LCTRetSF, 1,1 =t, LCTRetSF 1, 2—v Vp

LCTRetSFP';,, représents the technology class with the least annualized cost for retrofit decisions, and
LCTRetSE,,,, represents the technology model with the least annuahzed cost for retroﬁt decxsxons
Equlpmen} market shares within same technology behévior ség;nent of retrofit decislon type: B
- STMSRet,, = Y [TimePrefProp, ,, - SurvivingShareofService, ] .

¥ v/> LCVRetST,, 1 =v ; VP, STRetBehav =1

v V3P ¥ ' (B-66)
. . 3 |
SurvivingShareofService,,, . . if STRetBehav=0

LCVRétSTw. represents the technology model with the least annualized cost for retrofit decislions

- . . | Energy Infoxmarion Administmion
B-18 n ) NEMS Commercial Module Documentation Report



. Equfpment market ghares within retrofit decision type, consolldated across behavior segments:

= BehaviorShare, 331 X I.,CMSR‘et,’v .
+ BehaviorShare , ., X SFMSRet,, . « . (B-67)
+ BehaviorShare, 533 X STMSRet, - -

’ MSb.:ﬁ,t,v

Where the subscript-‘3' appeéring in MS and the next to last subscﬁpt of BehaviorShare represents the decision type,
and, in this case, corresponds to the ‘retrofit’ decision. The last subscript of BehaviorShare represents the behavior
rule, I ' )

Heat pump market shares of space cooling service demand:

sp DegreeDays . c,cool, . WikrYear

MS - .
.. b,s=SpHeat,d,t,v s=SpHeat,d DegreeD. .
greeDays, .
M?gb,:-SpCooLd.r’,v’ = SD . - 3 SPHC?.’.WWYW’ 'f.SD;=spCooL\d > 0
. : DL ¢ 2 SpCool,d g
MSy, oo spcootdly' = ’ .o _‘ 0, - C if 8D, _spcoota = 0
for t,v € { Heatpumps for SpHeat} ' I (B - 68)

t/,v/ = same equip as t,v, except for. SpCool
SD, ;= NSDr.b,:.y , ifd=1

RSDr.b,s,y , ifd=2
SSDr.b,:,y . ifd=3"

1

WithrYear = y (current year), if y < KSTEOYR
KSTEOYR, otherwise

‘Amount of cooling service demand satisfied by heat pumps:

HeatPumpCoolz’ngSD i = SDSE;FCM,' i Yy - MS, iy (B - 69)

t,v € {Heatpumps for SpCool}

Normalizer , = - Y .
' 4 t,v € {SpCool equipzat:her than heatpumps} bis=SpCooldty . (B - 70)

Energy Information Administration
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Adjusted market ghares of space cooling equlpment other than heat pumps:
: MSb

CMS o , =SpCooLd,ty | (SD = SpCool,d HeatPumpCaolmgSD) :
TRkt Normalizer, J 8D, _sptcootd . . (B-7)

tve { SpCool equipment other than heatpﬁmps}

Fuel shares by fuel, declslon type, service, bulldlng, and Census Divigion:

Z E [MS,, ., X FuelbyTech 1, where FuelbyTech - 1if ¢ uses f
o, elsewhere (B-72)

F S rbsdf ~

g f € {Major Fuels}

~

Average equipment efﬁblehcy by fuél, decision type, seMcé, bullding, and Census Division:

. F. Sr.b's;iixf .
AEr,be = - , _szl t,v 3 MSbM’w FuelbyTech * O
E MS, 4., % FuelbyTech,
Cw| TechEﬁ"F”v | ‘ ' - E (B-7é)
7 , 0, otherwise
f € {MajorFuels}
- Fuel shares by fuél, end-use, buildlng; and 'Oen’.sus Division:
. NSD., .. x FS A
FuelShareofService,,,; = rasy X iy -
TSD rbsy
., RSDY’My x FSr’b_ﬂf SSDM__M x FS,_b's,sf .
' TSDr,b;q i TSD,r.b.S.y ) : (B - 74)
© where ISD., .> 0, 0 elsewhere

rbsy

f € {MajFuel}

TSD )5 is the total service demand, defined as SSD by +RSD 5, + NSD ibsy |

Energy Information Admxmstranon
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Equipment market shares by equipment, end-uss, bullding, and Census Dlvlslon:
- N SD, rhsy X MSr,b.s.l,t,v '
r,b,s,tv . R TSD

r._b,r,y
RS D r,b.s

+ b

' B TSDr.b.r,y

>0 Oelsewhere L R

TechShareofServzce

x MS
rsby rbhs3ty
75D ((B-75)

rbsy |

XS0y SSD,.,

where TSDr by

- Vt,v,

Average equlpment efflclency by fuel, end-use, bulldlng, and cemus Dlvlslon
Fi uelShareofServzce, bsf
TechShareofServzce X FuelbyTech

: E rhsiy

v o TechE_ff

’ AverageEﬁ‘Zciencyr' bsf =

(B -76)
ifdt> TechShareofServzce ,b w X FuelbyTech #0 -
0, otherwzse :

fe {Ma]Fuels}

Average equipment efficiency for new declsion type by fuel, end-use, and Census Divigion: -
* - I

E FS, 51 X NSD ,b,sy]

zFS

DecAngﬁ‘ 1 fy = . ,
rbs,Lf - X r,b,:)' . (B - 77)
b{ AErJ;,S.lf :

f € {MajFuels} -

The third subscript of DecAngﬁ’ represents th"e equipment decision type, d.

* Energy Information Administration
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Average égulﬁmem éfﬂclency for replacement decision type, by fuel, end-use, and Census Division:

E [FS, rbs.2f x RSD r.b,s,y] :

: 4~DqungJf-.s.2.ﬁy = FS X RSD

. rbs.2f rbsyl.
b o E AE
- b | r.b.s,?-f

f € {MajFuelst

| (B-78)

e

Average équlpmém efficiency for retrofit decision type, by fuel, énd-usé, and Census Division:

E [F r.b.v3f X SSD .b,sy]

X SSD

r,b,s Y

-  DecAvgEff, rs3fy = s

' E r.bs,3

b | AE rbs3f

(B-79)

F € (MajFuels)

Fusl shares within new decision type, By fuel, end-use, and Cenzus Division:

E [FS rb.s, l,f x NSDr,b,sy]
DecFuelShare Ly = :
L f )
e §NSDm,y - (B - 80)

f € {MajFuels}
The third subscript of DecFuelShare represents decision type, d.
Fuel sl:xares within ;cgplaéement decision type; by fuel, end-use, and_ Census >Dlvislo'n:

) . E [Fs.b.s.?qf X RSDr,b,sy]/
DecFuelShare . ST
. 1,52 ‘ .
| ‘ 4 | ZRS by ‘ . (B-81)

fe {MajFuel_s} '

) - Energy Information Administration
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) Hnlahuuwlﬂ\lnmaﬁtdocbbntype,bymmmcmmbm

E IFS, 4535 X SSD, ]

28Dy .. (B-82)

DecF;telShare - f‘y
fe {MajFue.ls:} ’

Natiohalaverage equlpment effcioncy, by fueland anchusa:
22[Fue1$héreoﬁmice,, o % ﬁu%}y] ,

TechShareofServw rbssw X FuelbyTech,, X TSD,,.,,
;};g | - TechEﬁ'

CMUSAngﬁ‘

(B-83) .

s € {MajServ} , f € {MajFuels}
Minor service average efﬂclency‘ byfuel, end-use, bullding, and Census Dlvblon:

AverageEﬁ‘iczency, bus J PreerAverageEﬁ?c:encyrb s x (1 + Eﬁ’GrowthRate )
A (B-84)
. S E {MmServ} , f = electricity.

_ Minor'service average efficiency and fuel share by declsion type, fuel, end'-use; and Census Division:
' DecAngﬁ' sy = AverageEfficiency

nb,s,1

DecFuelShare, sdfy = FuelShrofServzcer bsi - \ (B - 85)
s € {MinServ} |

EnagyInfotmanon Admmrstmuon -
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End-Use Fuel Consumption Equations . -

Bulcuﬁgnateofmelpon;mnpﬁon_tomeqtmmmmughﬁng: ’ . o

- FuelShareofService, , _ . X TSD n
EndUseConsump, ., , = st : eoﬁervzce,:,?,'f nbsy | if AverageEfficiency > 0
e _ AverageEfficiency,, . , s E 36)
e . ' - 86
. : 0 , otherwise -
. & + lighting , f € {MajFuels}- = . -

Basic estimats of fuel corisumption by lighting equipment:
- FuelShareofServzc bt % TSD, by 0 0:;’343
.. AverageEfficiency;, sy e

P

. EndUsqumwnpf s 'b;,

5= 7ighﬁng , (B -87)
p G

where 0.03343 TBWt: converts units used in lighting to Btu units

ModlﬂeaﬁdngffuelqonsumpﬁonbyPﬂeeElasﬁcﬂy_andReboundEﬂoct: o )

- - L Pr, _ -Pr .
EndUseConsump, ;. ., = End,UseCon;wnpf& by ( 1+ fr; : £, caswym,])
g ' f,r.CBECSyear.s

5 ‘ - 1- AverageEﬁiClemfyrbs.f ]
. AverageEﬁicleﬁCyBASEr.b.s.fJ

: G (y-CBECSyear) |). - (B*88)
( e [(s?wﬁm”"" X "(2015-CBECSyear)j,)

- f € {MajFuels} -
s € {SpHeat + SpCool} :
" evaluated without building shell qﬂ’ect (third term) for _
s € {water hig, ventilation, cooking, and lighting }

; i
/ . . . N
L

" Where P:},,_, is the price of fuel fin Census Division r dunng yeary for end-use serwce s (the subscnpt sisonly -
applicable for electricity pnces) yi is expmsed as a'calendar year in the third term.

~

.. . Enu'gylnfo:mahonAdnanon
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DegreeDays wilryr

EndUseConsum | = EndUseConsump,_, _.*
o Prsbiny = Prsbiny DegreeDays, , copcsyen
S’€E {'SpHeat, SpCool} - . - L ’ _ (3-89)
f € {MajFuels} ', ' . , : )
wthryr =. .y, - if y<KSTEOYR"~
KSTEOYR, if y>KSTEOYR
Total fuel consumption acrossend-usu?rvlm
| Ij'inalEndU.S'eCoiz"f,,,,,,y =.2EndUseConsumpf' ihr _
- : . (8-90)
f € {MajFuels} . - '
Unbenchmarked fuel consumption forecast by Census Division and bulkiing type:
UnBenchCon,,, . = FinalEndUseCong, ‘ : )
S , ‘ .(B-91)
f € .{MajFuels} :
'U.S. total fusl consumption by end-use ('qqadﬂlll;m Btu):
CMUSConsump, = Y. Y. EndUseConsump,,, .1 x 10°° - -1
. .. ", r b ’ -’ ", - - -

f € {MajFuels}
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u.s.avangemhwmo‘aulpmontefﬂciencybyond-maﬂdfuel:

- , E E [FuelShareafServzc €ppsf X TSD, byl
- CMUSAvVEEff,, = -~ ,
AN _CMUSConsump,, x10° " -~ (B-93)

Vs €.{MinServ}, f € {MajFuel}

Consumption of minor fuels other than motor gasoline:

_ FmalEndUseConfbr = (Mt - Cutnenitir

MinFi “‘Mrf-a(mwaq’n
x. Pric TiCefry

'x 107
x (SuerloorTotal by + CAﬂVewFloarSpace y) )

(B-94)

vVf € {MmFuels} - {MotorGasolme},b,r' y

Consunmiption of motor gasoline durlng hl:toﬂéal and near term peﬂodii

CMSEDS

e .- TranFromSEDS,, - NUGFromSEDS
" FinalEndUseCony,, . = y_ P

Lyr

CMmumBldg .. -~ - (B-95)

f = MoiorGasoline; y < KSTEOYR *

Consumption of motor gaso]lne beyond near‘term perlod

FmalEndUseConf by

fe {MotorG,asolme}; y>KS’IEOYR

= F malEndUseCon

(1 + MinFuelBeta_,_. )
fbr -1 r.f - C¥MnumMajF
T DY)
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Quantity of electrictty produced by cogeneration using fuels sublect to cross:price elastichy considerations:
. . - . - * ° 9«

M CopenCromPriceElass, .

 Price,, , _
' ' ' ' Price CMTo, c -
CMCogenEl, ,,, = CMCogenEl ,, ", * deery)_| - . CMTomlFlspe, _
L T ( Price,,_, ) CMTowlFispc,,,.., (B - 97)
~ Pm:eﬂ,x',,’_1 . \ :

fe {Ma_zor-t—Mmor Fuels}, y>CMFu'stYr+l

CMCogenEl b _,-‘,input from files KCOG93 &-KCOG94 fory= 1993 & 1994, respectively.

' Quanﬂty of electrlclty produeed by eogeneraﬁon uslng fuels not sub}ectto eross-pﬂce elasticity eonslderaﬁon:

© CMT otalF Ispc

. . b .Y
CMCogenElr, bfiy CMCagenElr bfiy-1- CMTotalFlspc " ® 98)
’ \ = nby-1 - ) -
f € {Renewable + Other'Fuels} o
) Amount of cogeneration capacity that was planned:
) 1000 _”2. i

CGCOMCAP, ;£ 1pes = COCOMGEN, ;. * (1 - CMCogUnplanProp) (B - 99)

| 8760 &

Y

~

Where CMCOMGEN is an Electricity Market Module (EMM) variable representmg commercial sector cogenerated
electncrty, to which CMCogenEl is mapped F represents the EMM fuel categories defined by that module. A units
conversion from trillion Btu to glgawauhoms is also performed durmg the mappmg

Amount of unplanned éogeneraﬂon eapaclty: .

CGCOMCAPr 3. Fnplarned CGCOMGEN‘,,},, —8;60—6“'— .CMCogUnplanPrap (B- 100)

‘Energy Information Administration . ‘ . .
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Pfoborﬁonofeogenoratodeloctﬂcitysoldéﬁngﬁd.:

' GRIDSHR,, = 1

comhmpﬁpn of fuels m'prod.ueq eogenomted eleemclty: g

CMCogenConsump rbf = (CMCogenEl, bf
X CMCogenZEtoELratzo)
X CMDeltaRecsz_ﬁicf

f € {Major + Mmor + Renewable + Otlier Fuels} -
COnsm;lpﬁon of fuels across end-uses, lnéludlng eonsumpﬁpn for cogeneration of eloctrichy:
FmalEndUseCon FmalEndUseCon + CMCoggnConszmipn b;f'
fe {Major + Renewable Fuels} ‘ O ‘
Consumption of fusls to provide dlstrlct services, by cen'sni Diviston, buu&ln'g type, fuel,ingi service: |

DzstSeeronsump,b . J.y DzstServSteamEUI SR ,,‘

 @-1on)

(B 102)

(B-103)

x (SuerloarTotal y CMVewFloorSpace y)

:Disz‘_SeeruelShrb;f o
DistServBoilerEﬁ‘:f

) X 10’3
s € {DzstServ} f. € {MaJFuels}

o ) - EwrgylnfmmanonAdmm:suanon
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U.S. total fuel consumption to provide district services (quadrilion Btu):

- CMUSDistServ, ;, = [Y Y. DistServConsump, ... | x 10°
: r b, ) e .

s € {DistServ}; f € {MajFuels}

dmmnpﬁonofhebmepﬂmhcludhgeogengmﬁonanddhmm:

. thnalEndUE‘eConﬁb',, y = FinalEndUseCa(zf,b',,y

+ Y DistSeeronswnP,b;Jy
’ ' v SE{W} o)y

N

fe _{ilajFuels.}

Unbenchmarked consumption of fuels across end-uses, by Census Division:

CMFinalUnbenchCon,, , = ij UnBenchCony, .

Vfe€ WajFueB}

Consumption of fuels across end-uses, Including cogeneration and qt:tﬂct services, by Census Dl\}lslon:

CMFinalEndUsey,., = Xb) FinalEndUseCong,,,

f € {MajFuels + MinFuels'+ RenewableFuels)}

. Energy Information Administration .
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u.s WMMWMIWWWWMMWQWWWMWMI
CMFmalEndUseConb = 2 E FmalEndUseConf biny ‘ . '

Vf € {MaJFuels + MmFuels + RenewableFuels}

(B 109)
SolarRenewableConmb

+
E E . CMnumBldg
) Vs € {Space Hig + Water Htg}

. . ‘ EtmgylnfotmanonAdm:msmm
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Benchmarking Equations
" Ditference between forocasfa;tdsénsmeleommnpﬁqhdam(“éms mistie™) for historical ysars: .

- NUGFromSEDS,, )

. SEDSM:iStieﬁ,,M = (CMSEDS;, , - TranFromSEDS,, .
- - CMFinalBndUsey,, = - (B-110)
'y < MSEDYR +1 o - | .
. f € {MajFuels + MinFuels} o )

The brackets around the year index indicate that SEDSMistie implicitly possesses 2 year dimension, although it is not

explicitly declared as having one. - * - . - ] ) o _ L ) N )

Nonbullding fusl use forecast for historical years: .

CMNonBldgUse,,, = SEDSMistie,, o
- finy - fnb. (B -111)
y < MSEDYR+1 N

Ditference between forecasted fuel ec;mumpﬁon (ndndlsﬁlla_ta) with SEDS nonbullding component, and STEO foroeast:
STEOMistie;,, i,] = (CMSEDS,;, , - TranFromSEDS;, , - NUGFromSEDS,,, )

< (CMFinalEndUse,, , + sspsu@ieﬁ,.[wm,n +

(MC_COMMFLSP, , , - MC_COMMFLSP, , ,1.ysepppsy) SEDSMistie, mm. | (B -112)
- 241 +1}

MCCOMMFLSP, ;1. sy

MSEDYR+1 < y < KSTEOYR
fe€ {MipFueIs + MajFuels except Distillate }
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[PV . L MUV S I SO W e rme v re e o o o e e i U,

’ SEDs-basod eomponem of nonbulldlng fuel consumpﬁon (nondlsﬁllam) amr last year of avallabla SEDS data:

CbﬂVonBIngseﬁ, = SEDSMWfr nlsmihll

MC_COMMFLSP, ,, - MC. comn_sp, ) mm,,) .
[ MC—C_OWFLSPrlmmol - } ISEDSMWj:r.H@YRd]I (B - 113) .

H

y > MSEDYR+1 .
f € {MinFuels + MaJFueLs except Dzstzllate}

Dﬂferonee between foreeanad dlsﬁllato fuel eonsumpﬁon with SEDS nonbulldlng oomponem, and STEO forecast:

SZEOMzstze (CMSEDS - TranFromSEDS NUGFromSED f,y)

A D’]
- (CMFmalEndUsef,y +'SEDSMzs;zeJ§,_,[M.§£bYR+11) " (B-114)
" MSEDYR+1 <y < KSTEOYR . | | | -
f Dzstzllate

. ss-ba:ed component of nonbulldlng dlsﬂllata fuel oonsumpﬁon
CMVonBlngse SEDSMzsttef, [MSEDYR<1]

y> MSEDYR#I
“f = Distillate

Optional benchmarking to STEO forecast for years where STEO data is avallable:

. [y],ngZEOBM—l

(~,"Ilﬂ\fa_nB_ldgUsef',,,y = CMNonBl.ngsef"r' + SZEOMzstze
| unchanged , Otherwise. (B -11 6’) '

MSEDYR+1 < y < KSTEOYR
f € {Major and minor fuels}
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2.

Opﬂona!decayfacmtoapp!ytoﬂnalSTEOml:’ﬁoforopﬁgnalbenchmarldngwstomustyaago‘{STEOdata:

STEOTieDecayFactor,; = 1, " if DecayBM =0
‘ ' ' “_ (y-KSTEOYR) . . :
- — s DecayBM =1
. (FirstNonBenchYr - KSTEOYR) ¥ Decayl . (B-117)
o, . if DecayBM=1 and

y = FirstNonBenchYr '

Where FirstNonBenchYr is converted from a calendar year to a year index prior to use.

Optional STEO-based co;ﬁponem of nbnbulldlng fuel consumption forecast after last yaar'of avallable STEO data:

CMNonBldgUse,,, = CMNonBldgUse;,., + STEOMistie,  xsrsom * STEOTieDecayFactoryy, , .

if STEOBM = 1; (B.-118)
unchanged, otherwise .
Final bqnchmarkod fuel consumption forecast by fuel, Census Dlvlclén, and year:
CMFi inalEndUsef, y = CMF inalEndUsef, y CMNonBIngsef, y :
| - . ~ T {B-119)

f € {Major and minor fuels} - -

E
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Appendix C

Introduction
This Appendix provides a bibliography cnmg literature used in the theoretical and analytical ‘design, development,
nnpl:nmanon, and evah_xaﬁon of the NEMS Commercial Module. The references supplied here are m:pplcmcmed by
) additional detail regarding page citations, bbthinmc_body of this report and in the reférences provided in Appendix A,

starting at Fable A-1. A

. Energy Information Administration - .
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* Appendix D. Model Abstract

Model Name: ° _
Commercial Sector Demand Model

Model Acronym: -

None

Description: - .

The NEMS Commercial Sector Demand Module is a simulation tool based upon economic and engineering
relationships that models commercial sector energy demands at the nine Census Division Ievel of detail for eleven
distinct categories of commercial bmldmgs Commercral eqmpment selections are performed for the major fuels of
" eletricity, natural gas, and distillate fuel, for the major services of space heatmg, space cooling, water heating,
ventilation, cooking, reﬁigeraﬁou, and lighting. The market scgment level of detail is modeled using a constrained
hfe-cycle cost minimization a.lgonthm that considers commercral sector consumer behavror and time preference
premiums. The algorithm also models the minor fuels of residual oil, liquefied petroleum gas, steam coal, motor

] gasolme, and kerosene, the renewable fuel sources of wood and municipal solid waste, and the minor services of -
office equipment (with a separate breakout of personal computers), and "other” in less detail than the major fuels and
services. Numerous specialized considerations are incorporated includiuf; the effects of changing building shell -
efficiencies, the relatlonshlp between nonutnhty generation of electnclty and the relative pnces of fuels and
consumption to provide district services.

i - .

Purpose of the Model

As a component of the National Energy Modeling System mtegrated forecastmg tool the NEMS Commercial
Module genérates rmd-term forecasts of commercial sector energy demand. The model facilitates policy analysis of

energy markets, technologlcal development, envrronmental issues, and regulatory development as they nnpact

commiercial sector energy demand.

~

Most Recent Model Update'
October 1997.

Energy Informatron Admmrstranon ’
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Part of Another Model"
National Energy Modeling System (NEMS) '

,Model Interfaces- . - o
Recelves inputs from the Elecumty Market Module, Natural Gas Transmlssron and Distribution Module, Petroleum
Market Module, Coal Market Module, and Macroeconomic Actmty Module within NEMS Outputs are provided & to
. the Electricity Market Module, Natural Gas Transmission and Distribution Module, Petroleum Market Module, Coal
. Market Module Oil, and Integratmg Module. | -

1

'Official Mode‘l Representative: .

'ErinBoedecker‘ T ) :

Office of Integrated Analys1s and Forecasting ' e

Energy Demand and Integrated Analysis Division - ‘ -

) Energy Demand Analysrs Branch , -

United States Department of Energy, James Forrestal Bmldmg

1000 Independence Avenue, SW.

Washington, DC. 20585

(202) 586-4791

Documentation: . |
Energy 'Information Adminisu'ation, u.s. ﬁepartrnént of Energy, Model Documentation Report: Commercial Sector
Deinand Model of the Nationdl Energy Madezing System, nOBEIA-MOG6(97) (Washington; D.C., January, 1997).

Archlve Medla and Installatlon Manual(s)

The Module will be arclnved on magnetic tape storage compatible with the IBM RS/6000 computmg platform upon
completion of the NEMS producuon runs to generate the Annual Energy Outlook for 199_8 (AEQ93). -

] Energy System Descrlbed o _'.‘

Domestlc commerclal sector energy consumptlon

Coverage. . '
‘. Geographm Nine Census Dlvmons New England, Mid Atlantic, East North Central, West North Central,

) ] Energy l'nformation Administration
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South Atlanuc, East South Central, West South Central, Mountam Pacrﬁc

T1me Umt/Frequency Annual, 1990 through 2020

Products: Electncrty, natural gas, distillate, resrdual oil, lxqueﬁed petroleum gas, coal, motor gasoline, -

kerosene, wood, municipal solid waste .

Economic Sectors: Eleven Bulldmg Categories: Assembly, Educatlon, Food Sales, Food Services, Health
Lodgmg, Large 0ﬁce, Small Office, Mercanule & Service, Warehouse, Other. N‘me Services:

Space Heating, Space Cooling, Water Heating,. Vennlatlon, Cooking, Lighting, Office Equrpment,
) ‘Refrigeration, Other., . _ ] - - . -

Modelmg Features

Model Structure; Sequentlal calculation of forecasted commercial ﬂoorspace, service demand, technology
choice, and end-use consumption.

Modelmg Technique:’ Simulation of technology choice’by decrslon type within a servrce, within a bmldmg
and Census Division, for the current year of the forecast. Commercial Buildings Energy Consumption ‘
Survey 1992 data are used for initial floorspace, market shares, fuel shares, dlstnct service shares
Engineering analyses used for initial efficiency estimates.

Special Feamres Technology choice data base and s1mulahon technique is capable of accommodatmg an
extensive range of policy analyses, mcludmg but not hmlted to demand-srde management capital incentives,

) tax credits, and eqmpment eﬁiclency standards.

Model Inputs

Historical commercial sector floorspace by Censns Division and brilding type, for the years 1970-1990
Historical floorspace retirement proportion by Census Region for the year 1990

Description of ﬂoorspace categorization fo enable mapping to DOE sources

Commercral sector existing eqmpment charactensucs, mcludmg typical eqmpment capaclty, installed.

| capital cost, operaung and mamtenance (O&M) cost, expected physical lifetime

Eqmpment research and development (R&D) advances and pro_lected dates of model inu'oduction
Base year floorspace by Census Drvrsron, building type, bmldmg age cohort, energy-consuming
characteristics

Base year district service consumptron totals and relative shares

Base year Energy Use Intensrty (EUD by Census Division, building type and energy service
Base year equlpment stock’ chara.ctcnsucs by Census Division and energy service | -

N

Base year energy consumption for calculahon of nonbmldmg consumpuon to benchmark

Energy Information Admlmsu'anon ’
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o »Hrstoncal commercral sector quantmes of cogenerated electncrty by Census Dmsron, generatmg fuel, and

buildingtype - .- -
e - Annual consumption of fuels for cogeneranon by Census Division and bmldmg type
o Current status of commercral sector generating facilities
e ' Current outlook for commercial wctor generanng capacity, to determme planned and unplanned addmons
- o capamty

o . Forecasted commerclal sector renewable energy demand, by renewable source and energy servxce

Non-DOE Input Sources:

Data Resources Inc (DRI), FW. Dodge N .
K Histoncal commercral sector ﬂoorspace by Census ‘Division and bmldmg type, for the years 1970-1990
e Historical ﬂoorspace remement proportion by Census Region for the year 1990

e . Descnpnon of ﬂoorspa_ce categonzanon 10 enable mappmg to DOE sources
" Arthur D. thtle Techmcal Reports EPRI Techmcal Assessment Gmde, GRI Baselme DaIa Book (references

prowdedmAppendertothrsreport) ‘ . : T
L Commercial seétor existing eqmpment characteristics, inclnding typical equipment\capacity, mstalled ,
capital cost, ‘operating and'maintenance (O&M) cost, expected physrcal hfetlme, based on datafrom the
years 1986-1993 o : .
e ’ Equipment research’ and development (R&D) advances and prolected dates of model mtroductlon, ‘

/

pro_]ecnons for technology avallabrhty encompassmg the years 1995-2010

5

DOE Input Soufces'

' 'Commercral Building Energy Consumptlon Survey 1992 (CBECS 1992) .
® ' . Baseyear ﬂoorspace by Census Division, bmldmg type bmldmg age cohort, energy-consummg
charatteristics . '
0 . Base year distnct service consumpﬁon totals and relative shares
Base Yyear Energy Use Intensity (BUT) by Census Division, bulldmg type, and energy service
Base year equipment stock characteristics by Census Dmsron and energy service
L Base year energy consumption for lcalcula_non of nonbmldmg consumption to benchmark

~ Form EI-867; -Survey of-Independent Power Producers, forms for years 1993-1994 .
L Historical commercial sector quantitles of cogenerated electricity by Census Division, generating fuel, and

T S - Energy Inforination Administration .
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bulldmgtype _ ,
Annual consumpnon of fuels for cogeneratxon by Census Dmsmn and bmldmg type
Current status of commerclal sector generating faclhues : .
.-, Current outlook for commq_rcxal sector generatmg capaclty, to determme planned and unplanned additions

e s &

.

to capacity. = - ) ST ) ‘

' _ National Renewable Energy Laboratory (NREL) Interlaboratory Documentanon, 1990
s Forecasted commercxal sector renewable energy demand, by renewahle source and energy-service -

’

Computing Environment:
Hardware Uséd: IBM RS/6000-

. Operating System: UNIX/AIX
Lan;guaéeJSoftware Used: FORTRAN
Memory Requirément: 4 000K \

.

Storage Requxrement. ‘Model has not: yet been archived. It will reqmre an as-yet undetermined number of

tracks of an IBM 3380 disk pack '

Estimated Run Time: 3.5 minutes for a 1990-2020 run in non-iterating NEMS mode on an IBM RS/6000
 Special Features: None. —

lndependent Expert Revuews Conducted:

| Independent Expert Reviews of Commercial Sector Component Design Report, July 31, ]992 conducted by David
Belzer, Pacific Northwest Laboratory; Richard E. Jones, Office of Building Technologles, Conservation and
Renewable Energy, James E. McMahon, PhD, Lawrence Berkeley Laboratory Robert P. Trost, Ph.D;, and Indeglt
Kundra, Office of Statistical Standards. - T

Status of Evaluation Efforts by Sponsor:

None.

Energy Information Administration .
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Appendix E

lntroductlon

' TchEMSCommcmmlSeaorDamndModlﬂedevelopsforewstsofcommercmsectorcncrgyconsumpuonbasedupon
, thcdataelcmcmsasdetaﬂedmAppcndeAofﬂnsrcpon. 'lhcmomxlempmdata,paramcterwnmatcs and module
’vanablcs are described in Appendix A, including the ‘transformations, wt:mauon methodologies, and resulting inputs
reqmredtonnp!cmcntﬂxemodelalgomhms ThcqualnyoftthnncxpalsmrcesofmmndatalsdlscussedmAppcnmx
E. Infonmuonrcgardmgthcqualnyofpmamctcrm andusermplmxsprovxdcdwhercavaﬂable 'lmsappendxx‘
discusses quality of data used in preparing the AEO95, andpaantbeenupdatedtoreﬂectcl;angesmdatausedmprcpare
the AE096. ;

)

. Quality of Input Data
Commercial Buildings Energy Consumption 'Survey 1989 (CBECS 198"9)‘

ElA's Commcrclal Buildmgs Energy Consumpuon Survey 1989 (CBECS 1989)-is the pnnmpal data source for the NEMS
Commercial Module forecast of energy consumpnon This section dlscusses the qualny of the CBECS 1989 data set as B

CBECS 1989 l;nplementation. EIA conducts the CBECS survey to provide basic statistical information on
'consumpﬁon of, and cxpcndimrc's for, energy in U.S. commercial bmldmgs along with data on energy related
| charactcnsncs of these bmldmgs CBECS is based upona samplc of commercial buﬂdmgs selected accordmg to the
samplc dcsxgn dcscribed in :

The CBECS methodology consists of two majof sta_éesl In the first stage, information about the selected buildings is

. collected in the Buildings Characteristics Survey through voluntary personal interviews. with the. buildings' owners,

managers, or tenants. Building energy comﬁm records are provided through the use of an Au-thorimﬁon Forni to

release this confidential data. In the second stage, the Energy Supphers Survey, data conccmmg the actual consumption

ofcncrgyxsobtamedthmghamaﬂ survey conductedbyasurvcy mcarchﬁnmmderEIAsmandatoryda:acollecuon
authority.

1
/

! . U.S. Department of Energy, Efergy Information Administration, @mmgmjgr 1 Buildings Consumption and
Expenditures 1989, DOE/EIA-0318 (89), pp. 275-359. ‘ _ )

Energy Information Administraﬁoﬁ :
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CBECS 1989 samples 8 791 bmldmgs selecwd based upon an area probabilny sample supplemcmcd by hsts of large

lxrildings ’lhesmrrceprekuslycnedprowdes addmonal detarlrcga:dmgthe armprobabxhty sampling methodology.
a 'lhesan‘phngmthodologymhesuponthe1986samplmgmeﬂmdologyandmcludessomeofthelargeand/orspecxahzed ’

L eommercxal buildings prevrously sampled Except | for these few bmldmgs the 1989 sample does not overlap with

’ IxckusCBECS Pmmrydrﬂ'eremesbetwecntheCBESlmsamphngmemodandﬂreCBECS 19865amplmgmethod
-arefurmerdescribedmmereponprevrmrslycned : ] . <o

. Building Characteristics Survey (Stageb Target Populanon. Thetarget populauon of CBECS 1989
. xsdomesncoommerc:allmildmgsgrmterthanlOOOﬁ’marea. Allbmldmgsmmesamplesausfythreecntena 1)
- wchmeetsthesurveydeﬁnmonofa'buildmg 2)uch1susedpmnanlyforcommerclalpurposes,and3)each
mwsumlmlﬁzormore Asdescribedmﬂ:ereportprevmuslycrted bmldmgehgibmtyrsevaluatedatnnﬂnplepomts
’ throughommesurveypurposetoensuredataaccuracyandquamy ) ' ‘

: Rosponse Rates. The total sample ofCBECS 1989 is 8,791 bmldmgs composed of6 659 from the area sample and
2,132fromahstsample Ofﬂme 6,352 bmldmgs ate mtemewed 4,770 from the area sample and 1,582 from the list
sample: Successful interviews for 92.5% of the ehgible buildmgs (5,277) are contained in CBECS 1989." Similar success

_rates for Authorization Form eolnpletion are observed in the sample. '

Data Conecﬁoix. As previously described, the Buildings Characteristics Survey consists of personal interviews with
buildings’ owners, xmnagers, and tenants. A limited mumbeér of these mtervrews are telephone interviews, either due to
a nonresponse conversion effort or lack of access toa bmldmg representative in the same PSU as the site. In all cases,
' a physical site visit is mchu_ied

'lhe Internew Prooess Eachmrvrew eommm screemng quesuons to venfy building ehgibﬂrty, followed by the survey
questions. Data are collected by contractor ﬁeld staff tramed in data collection, ﬁeld office procedures, and quality
comirol. This trammg includes backgromd mformauon on the CBECS the definition of a building, finding the sampled
building, speclﬁc rev1ew of the questionnaire, and adnnmsn'anve mformanon *This mformauon is supplemented by
geaeral information on interviewing techmqnes for new mtemewers Trainee performame is monitored and evaluatcd
by supemsory personnel throughout the performance penod md only those judged ‘qualified conm‘bme to the survey

Complcted qu&stronna:res are edited twrce, in conjtmcuon wnh ‘random sample valxdanon of 17% of respondents by

supervisory personnel. These edits check for completeness and logical consxstency 1dennfymg cases with missing data.

' K:ydatartemsarepmsmdﬂnmghtelephonedamreuuvalpmdmcs Addmonaldetaﬂontheseprocedurwrsprovrded
mﬂ:ereportprevmuslyclted ' ‘ :

" e Energy Information Administration .
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'Energy Suppliers Survey (Stage lj). Target Population. Each supplier of electricity, natural § gas, fuel oil,.
- district steam, hot water, andchillcdwarcrmasampledhﬁldmg provxdcc consmnpnonandcxpcndxmm data on a mailed
‘suivey form for this stage of CBECS 1989. The survey forms request data summed across several customes, Cither
within a bmldmg or across a group of buildings, dcpendmg on whether individual burldmg or ‘district scmccs are

Respmsel!aus 1hcovcrallmponscratcforthc$tagcl[survcy15867% Eachrccordobtamdfmmtlnssurvcy
‘con'cspondswasmglccncrgyswphcrforapamwlarcncrgysmlrcctoaparucularbuﬂdmg ‘

Data Collection. Prenofification through a mailed form to natural gas and electric suppliers that were previous CBECS
" participants is one facet of the data collection effort. This form reported the results of CBECS 1986, alerted suppliers
that.a 1989 effort would soon commence, and requested notiﬁcation‘of' updates to supplier information. Second,

' prenotification was followcd by mailed survey forms to energy suppliers based upon Stagc I response patterns from the
: Buildmg Characteristics Survcy The thn'd facet of the Stage II effort consists of thank-you Icttcrs mailed to participants
and requests for feedback regarding survey procedures, to be mcorporatcd in future CBECS surveys.

~

Data thty Verification. At the conclusion of the input and edmng procedure, additional data quahty venﬁcauon
consists of thc following steps:

A mamial rc\ricw of the completeness of the discrete ﬁrel sources, mcludmg review of sporadic records;
e A comparison of cnergy-somcc record accmmts with the mnnbcr of energy. sources mdrcatcd for the building

by the building respondent; - - '
L - A comparison of prices for standardized quammes with all bill records to detect price errors;

» Anldcmﬁcanonpmccssthrmghapmgramwﬂagovcmddmdanwnncnwthcﬁlemcnor accompamcdby

. review of‘thcsc errors.

_This process ensures the quality of the CBECS 1989 input data, which i is the pnncrpal soutce of initial ﬂoorspace levels
and age cohorts, appliance stock composmon, dxstnct service sharcs and unbenchmarked 1989 end-use consumpnon.

Energy Use lntens:ty (EUI)-Data Source -

The EUI estimates dxscusscd in Appcndrx A of this rcport (refcrenccd in Table A-1) are bascd uponprchnnnary rcsults .
gmd in advancc of the Novcmbcr 1993 study pnbhshcdby Paclﬁc Nonhwest Laboratory (PNL) and refercnccd in’
Appendxx C ofﬂns rcport Data quahty issues are addressed i in the PNL rcport, specifically related to sampling

: " Enetgy Information Administration ) \
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- considerations and the appropnate level of statistically significant disa’gg‘regaﬁoq.
Technol,ogjr Characterization Data Sources - . e S

‘ The EPRI, Ardmr D Littde, and GRI data sources used to dcvelop technology charactcnzanon profiles'for.the NEMS

Commcrcral Module donotprovxde dlscussrons ofdataqualny mmmmmhﬂmnﬂmmm&
provides cxtensrye__ discussion of the quality 6f the data used to develop hghtmg equipment profiles.

~

~

‘Histon'cal Energy ,Consumptioh bata_r State Ehergy Data System (SE_DS),- 1990

SEDS provrdcs csumaxcd energy consumpnon for the domestic comrnercral sector Much of thc SEDS pubhshcd
mformauon is developed from data collected at the state level, and maintaining a reliable tlmc series of consistent .
’ consumption data from the state sources is difficult. Some of the consumption estimates provided in SEDS are based on
a variety of proxy rimsures, selected primarily based upon availabiliiy, app]icability, continuity, and consistency. ﬁcse
general consrdcranons, along wnh the fuel-spccrﬁc consrderauons discussed in the SEDS documentation® render it
.impossible to develop mcamngful numerical estimates of overall errors associated thh the pnbhshed SEDS data.

' User-Def' ned Parameters

© The principal user-defined paramcters in the- Commercral Module are the initial proporuons of commercial consumers .

) ﬂrat behave according to each of the clcven time preference premium segments and threc behavior rules descnbed inthe
bodyofﬁnsrcport. 'lhcmneprcfercnccprcmnnnsarcdevclopedbasedonanalysrs of survey and utility data as described
below. The behavior rules. represent the proportion of consumers follong the Least Cost, Same Fuel, and Same
Technology Tules. These parameters are designed to be calibrauon parameters, and as such are avarlable to align model
results with obscrved historical consumpnon results and profcssronal cxpectanons ’

The mma] behavior rule propomons are esnmated by bmldmg type and decrsron  type in ordcr to create rclanonshrps

bctwwnmc d:ﬁ'ercnr types of decisionmakers and dlﬂ'crcm types of decisions. For existing buildings (rcplaccmcm and

remﬁ: &cxsmn types), thc decrsxonmakcrs are divided i nno govcmmcm private sector compames occupying ‘self-owned
- .

2 oys, Depammofmrgy EncrgylnfomxanonAdnnmstrauon,hghnngmmmggmmmmmg DOE/EIA
- osssen, March 1992, pp. 7288.

3 U.S. Department - of Encrgy, Energy Informition Administration, State
mmw DQE/EIA-0214(90), May 1992, pp. 437461.:

) ) : , Energy. Inforination Administration
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“building space, and private sector companie§ occupying remedbuildmg space. Fornewbmldmgs decisionmakers are
dmdedmotgammomb\ﬁldmgspweforthmownoewpamyandspeculanve developers building space for saleupon .
B eomplenon. These proportions are developed by building type based on the mxpretanon of several- quahtanve
descnpnons of energy efficiericy related decisionmaking as described in Append:x A (referenced in Table A-1). - S

mmmm&mmmmmmwdmmgovempmmmrcompmwmng
. eelf-ownedhﬂdmgspace orgamzauonsbmldmgspaceformerrownoccmancy and speculative developers are listed
bydeasxontypeareprovrdemeableM Dataquamyanalysrswasnotperfomdmﬂledaxasourcesprovrdmgﬂns
mformanon. :

Time Preference Premium Distribution

The literature surveyed provides five quantified distributions of commercial sector consumer payback requirements.
These show consxderable variation, which reflect the uneertamty m this area. These studies have been converted o
consumer time preference interest rate premnnns and averaged to yleld a ume preference premium distribution with that | /
' rsnsedmtheNEMS Commerc:alModule :
Irsufﬁciem data were avaiiable to disaggregate corlsumer discount rates by Cerisus Division or by technology G.e., the
samplesmewastoosmall) As documemedmthe pubhshed data sources, the variance of each estimate was far greater
than the difference between .the: smdxes by technology or region. Therefore, a smgle dlsm‘buuon is applied to all
technologies and all Census Divisions. : : )

'l‘heﬁved:stﬁhmons ofcommerclalseetorpay’oackreqmrememsfmmthe literature were ﬁrstconvenedto discount rates
asannmgm@ywrmshﬁom and30year lives. Next, thezero-nskrmerestrate for the years mwlnchthe five studies ‘
were performed were suhtracted from the distributions to yield the ‘consumer preference premiums implied by each -
source. The zero risk interest rate ﬁsed was the 10 year Treésury bond yield (nominal). Finally the proponions of

. ' eonsmateachstepmmepaybackd:suﬂnmonwereavemged, andtheassoclatedeonsumerpreferenceprennums were

'avelagedwumdbypropomonsofeonnnercxaleonsmners Eaehsmdywasgrvenequalwelghtsmeetheyrepresemed
in general, the utilities’ esnmatesofcommerclalconsumerdxscmmtrates ratherthanspecxﬁcstaustmlsm&es The

resulting average eommermal consumer time preference premmm drsm‘buuon is:

Energy Informaiion Adminisn'aiion . ] .-
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et it s b [ S ——

Conmerc:al Consumers Time Preference Premmm to
the Risk-Free Interest Rate A

@

1529%

164% : 554% , “
192 % > ‘ 309% . '
104 % . S 137%

94 %

196% ool o 109 ll
64 %

45% - ” |
29% ‘

"Koomey, Jonathan G.,\_ "Energy Efficiency Choices in New Ofﬁce Buildings: An Investigetion of Market
Failures and Corrective Policies,” dissertaﬁon, Unive"fsity of California 4t B;érkeley, '1990.
- This dissertation includes a distribution of commercial consumer payback penod reqmrements from a 1986

15 % -

PEPCO study This study was not technology specxﬁc

DAC and SAIC "Altemauve Methodologles for NEMS Buﬂdmg Sector Model Development draft report
prepared under Comract No. DE-AC01-92E121946 August 3,1992,p. 14.

msreponhstsfmneomnzmaleonstmerpaybackreqmrememdlsm'bunons Three of these are from electric

utilities andthe fourﬂns fromanHAmaﬂmpeneu'anonmodelforrooftop photovoltaic systems Three of these

. sources were technology specxﬁc and one was not,

E-6
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Table E-2. Commercial Customer Payback Period (PEPCb)

Preferred Payback Period _ | - Percentc . Implied Real Internal Rate of
© (Years) . = : - Rcm (Percent)

_161.8
64.0

1
2
-3 . . ‘ . N . ) ) L ,’ 39.3
4 1 ‘ ' 283

Sonrce:' Koomey, Jonathan G., 'Enagy!iﬁiwydncsmNewOfﬁocBuﬂdmgs AnlnvsnganonofMarketFaﬂmandComvePohm
dxssemnon, University of California at Betkeley, 1990, p. 16. .

" Energy Information Administration -
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3.
s
. 5.
.
7
8
9

[ers
[=]

Source:  DACand SAIC ~Alternative Methodologies for NEMS Buildmg Sector Model Devclopmem, draft repon, prepared under Contract No.
DE—AC01-92E12 1946, August 3,199, p. 14. ]
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Beha wor Rule Propomons. Supportmg Documentatlon

Table E-4 Floorspace Ownershlp and Occupancy Pattems

" Non-government Owner - Non-government
Occupied Non-owncr Occupied
percent) bercent)
748 % 489 .
24 % 02 % ‘
770 % 23 % ‘
199 % 10.8 %
70.9 % 50 % ‘
| » \ 124% 9.7 % " -
‘ : ‘ P )
i Mercantile/Service . 32% 64.6 9§ 32.2 z‘_ “ -
| Office 199 % __563% . 238% I
| Warehouse : 659 634 % 30.1 %, |
| Other ° ’ C 22% 444 % 334% -

% T TOTAL:"

Energy Information Adminisiration ’
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 Appendix F: Model Sensitivities

Solution Methodology '

The NEMS Commercial Module simulates the behavior of commercial energy: consumers

: through a dynamic flow process. A sequenhal calculanon of ﬂoorspace service. demand, and
technology choice i 1s employed to yield estimates of end-use consumpnon The mathematrca]
-equations provide meamngful results because of the detail level of the input for each submodule
and the modeling approach chosen. | | ‘

Theoretical Considerations

Domain of Module Solution : .

The module is a sequentlal structured algorithm that solves recursrvely The domain of the
solution is the posmve orthant for the solution vanables of commerc1a1 sector fuel consumption
by Census Division, buﬂdmg.type, fuel and year; and commercial sector airborne-emissions by
pollutant and year. In addition, the mtermedJate module outputs of interest to the Load and

. Demand Side Management Submodule (LDSM) of the NEMS Elecnicity Market Module
(EMM) specrﬁcally the fuel proportions of serv1ce demand and marketplace equipment
performance charactenstlcs calculated in the Technology Choice Submodule of the Commerc1a1
Module, also assume values within the posmve orthant. . ‘

Module Stability' T ‘

‘A frequently employed method of model assessment isto mvestrgate output response to a variety
of d1fferent input data and parameter assumptrons The structure of the model should be such
that the output responds in a manner that reﬂects the underlyrng physical and behavroral tenets of

Energy Information Administration
NEMS Commercial Demand Module Documentation Report F-1



the model. Th1s implies that reasonable changes in inputs do not cause catastroph1c model
results md1catmg a structural ﬂaw in the model desrgn Th1s sectron presents the input
parameters for each Submodule of the NEMS Commercral Module A reahstrc range for each
parameter is drscussed as well as extreme and counter-factual parameter values Because the
effects of each parameter ultrmately affect the final output of the’ module, the sign of the effect is
noted 1f the effect is not ambiguous. In some cases changes to user mputs can result in numerous
conflicting 1mpacts of unlmown relative magmtudes, rendenng the final outcome on final energy

consumptron unclear

Energy Informauon Admrmstrauon S
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Commercial Module Empirical Basis

This section presents prehmmary module results. The empmcal basis of the Commerc1a1 _

", Module is mmally reviewed by comparing results to h1stonca1 data and the forecasts produced by
the Department of Energy and alternative sources. In order to analyze module stability,-
fumerous scenarios in which key i mput values and assumptions vary are also presented. It must

" be emphasized that the forecasts presented in this volume are preliminary and aré not the -

. official'BIA forecasts. These forecasts are used only for examining the responsrveness of the -
NEMS Commercial Module. | ' ' -

In order to place the NEMS foreeast in perspective, some’ inspection\of the historical trends of -
consumption’ should be 'considered. Figure 1 extrapolat_es the historical values of total
commercial energy consumption data reported in the State Data Energy System (SEbS). For
comparison, Figure 1 includes 't]ne preliminary NEMS forecast to ttie year 2015. The historical
_ data shows an upward trend in aggregate consumption. The NEMS forecast continues this
upwa‘rd trend and is slightly higher than the SEDS projection. -

The NEMS forecast of commercial electricity consumption eveniy continues the historical
consumption path over the forecast horizon. 'Eigure 2 displays the time path of the consumption
along with NEMS forecasts and a nad've exu‘apolation of the historical SEDS data. .The historical
" series displays very stable growth in consumptlon with relatrvely little variation. In addition, the
NEMS forecast lies below the linear extrapolatlon of the SEDS data.

" The historical consumption of natural gas in the commercral sector is deprcted in Figure 3.
Natural gas. pro;ectrons drsplay greater vanatron than either total or-electricity consumptron As
- apparent in Frgure 3, the NEMS forecast contmues the rising trend in.consumption

g Energy Informatron Administration_ ;
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Figure 1. Total Energy Consumption: SEDS and NEMS
~throughout{ the forecast horizon, although it is lower than the linear extrapolation of SEDS. .
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Figure 2. Commercial Sector Electricity COhsqmption: SEDS and NEMS
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Figure 3. Commercial_Séétor Gas Consurhptidn: SEDS and NEMS

_Comparisori with the Ahﬁual Energy Outlook.11993

The AEO93 is the; most recent .'c‘ommei'cAial energy demand 'férece_lSt preparéd by EIA | This
,s'eétioﬁ compares the p‘re]im:inaljy NEMS forecast wii}a. the AEO93 forecast as wéIl as the’

. Wharton Econometric Forecasting Associates Group '(WEFA);forébhst and DR_I/McGraw—i-Iill
(DRI) forecast. The 'AEO93 forecasts were gie\(elpped using the BEEM Model.! WEFA and DRI

-

Energy, Informauon Administration, PC AEO Forecasung Model for the Annual Energy Outlook 1990
Model Documemaaon, DOFJEIA-036(90), March 1990 . .

' Energy Informauon Admlmstratlon ,
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-have developed and mamtamed mtegrated modelmg systems The NEMS forecasts presented in
" this section are prehmmary and are presented to 111usl1'ate a frame of reference for the module
and the hkely range of the ﬁnal AEO0% forecasts

Table 1 contains a companson of the available forecasts for the commerc1a1 sector. In 1995,
NEMS forecasts 7.18 quads compared to 7.42 in the AEO for a difference of 0. 24.quads or 3.2%.
The NEMS forecast rises to 8.55 quads for the year 2010 compared to .AEO93's reference case
‘of 8.27 quads for a difference of 0.28 quads or 3.4%. The DRI forecast is consistently lower than -
either the NEMS or AEO93 forecasts The DRI aggregation of energy demand in the commercial
sector may not be comparable to the definitions used by EIA. WEFA forecasts increase more |
rapidly than e1ther NEMS or the AEO93 cases. Figure 4 illustrates the forecasts for total energy
demand in the commerc1a1 bmldmgs sector for the forecasts horizon 1995 to 2010. The WEFA
prqechon reaches 8.75 quads by the year 2010 while the NEMS forecast is 8.55 quads, a
7 divergence of 0.20 quads from the NEMS forecast. The difference in forecasts of total energy
demand is partly attnbutable to differing fuel pnce forecasts as drscussed in further detail in this

section.

4
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“Table 1. Forecast Comparison: ,,X(\‘;'dm,lfie'rciaIVSecto'r Energy Demand

by Fuel: Quadrillion Btu

Electricity Forecasts - |
_ “ 1995 ° 2000 2005 2010
NEMS Cofsaz fsa3 371 - |392
.AEQ93 High Economic Growth | 3.12 - 342 3.68 3.88
AEO93ReferenceCase . | 3:12 340 | 364 3.83
AEO093 Low Economic Growth | 3.12 | 3.38 361 |37
WEFA 312 3.40 373 407 .
DRI - | {312 3.39 - 364 3.85
Natural Gas Forecasts . ‘ ' ' ‘
| ' | 1995 2000 2005 2010
NEMS - 208 - | 313 328 3.44
AEO093 High Economic Growth | 3.07 3.1% 326’ 331
AEO003 Reference Case 308 317" 393 3.5
AEQ93 Low Economic Growth 307 « . -|3.15 3.20 3.20
| WEFA | | 300 313 336 3.58
DRI 308 3.17 323 332
Distillate Fuel Forecasts o o '
11995, - |-2000 2005 2010

NEMS "~ {053 0.57 0.60 0.62
_AEO93 High Economic Growth | 0.57- 053|049 0.45
AEO93 Reference Case - |0.57 053 0.49 044
 AEO93 Low Economic Growth . | 057 0.53 048 o044

" Energy Information Administration
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Figure 4. Total Forecasted Commerclal Sector Energy Demand

- Forecasts by major fuel are compared in Table 2. The distillate fuel forecasts rises in the NEMS
forecast from 0.49 to 0.64 quads and falls m‘ the AEO93 reference forecast from 0.49 to 0.44

quads. '

Electricity forecasts display more srmﬂar projected trends. This i is ﬂlustrared in Frgure 5. The

'- NEMS forecast projects 3.92 quads in 2010: Th1s is higher than the AEQ093 scenanos and the

. DRI forecasts, although the forecasted fuel pnces are significantly different for each of these
projections. The AEO093 reference case prices for eleclnclty rise from $19. 94/MMBtu in 1990 to
$20.19/MMBtu in 2010, whrle the NEMS eleclnc1ty prices fall over the same period from
$20.69/MMBtu to $19.52IMMBtu. The DRI electncrty price forécast falls over the 1990 to

. Energy Information Administration’ . )
"NEMS Commercial Demand Module Documentation Report ~F9
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2010 penod from $23.84/MMBtu t0'$20.07/MMBtu as well. This price forecast may explain the
comparability of the DRi forecast and the NEMS forecaSt. In éeneral | falling electricity prices s
and constant (or mcreasmg) prices for altematrve fuels should i mcrease electnmty demand |
Therefore, none of these forecasts appear to contradict with basrc economic intuition.

Figure 6 suggests that natural gas demand fOrecasts"diverge more drasﬁcaily than the electricitjr _
‘demand forecasts, The NEMS module forecasts natural gas demand of 3.44 quads in 2010 as |
compared to the reference case AEOQO93 forecast of 3.25 quads The NEMS forecast displays an

_ mcreasmg trend i in natural gas consumptlon, as'do the WEFA and DRI forecasts while the ‘
AE093 scenarios show consumptlon levelmg off after 2005. ‘

' The NEMS natural gas consumption is nsmg because more attractlvely pnced hlgh efﬁcrency
gas equipment becomes available over the forecast horizon and because gas penetration rises due’
to behavior rule assumpttons_ and displacement of distillate fuel consumptlon.

Energy Informauon Admmlslratlon '
NEMS Commercral Demand Module Documentanon Report e F-10
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' One-at-a-time Module ‘Sensitivi:ty'Analysis

‘The NEMS Cdmmercial Module is compesed of ﬁve Submodules as described in the Module
Documentation Report: Floorspace, Service Demand Technology Choice, End-Use
-Consumptlon, and Benchmarking. The five submodules are executed sequentrally in the order
' presented, and the outputs of each submodule are inputs to subsequently executed submodules
" Asa result, key forecast drivers for the'Floorspace submodule are key drivers for the Servrce
" Demand submodule, etc. Th1s section examines.the module's responsrveness to range of changes
in economic actrvrty, mput pnces and assumpt:lons regardmg the behavror of commercml

consumers.

The exogéncus forecast of corimercial floorspace brovided by the NEMS Macroeconomic.
Activity Module (MAM) is the primary,driver of.the ﬂporspace suhmodule. Projected
floorspace, along with year to year changes in the composition of the'stock by Census Division °
and huilding type, determine the srze and energy-consuming;characteristi_cs of the commercial
buildings sector.? The key output of the Floorspace Submodule is projected commercial
floorspace by Census Division, building type, and floorspace category for newl retiring, and
surviving buildings.

The projections’ calculated in the Floorspace Submodule are utilized to develop service demands
by Census ‘Division, hujldjng type and service. lThis direct ]jnl:age between the Floorspace and
Service Demand Submodules ensures that prOJected changes in the charactenstrcs of the
ﬂoorspa.ce stock are reﬂected in calculated service demands

As descnbed in the Module Documentation 'Report, the 'l‘echnclogy‘_Choice Submodule

calculates the results of the capital stock decisions for the major fuels of electricity, natural gas,

Fmeréy Information Administration. Campone'n't Design Report Commercial Sector Energy Demand.
_prepared by Decision Analysis Corporanon of Virginia, Contract No. DE-AC01-92E121946 January
20,1993, .

Energy Information Admlmstranon .
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" - and distillat’e fuel, for the current year of the forecast. ‘ Capital stock decisions- are dﬁvenhy 7

. commercial consumer behaworal rule assumptlons, fuel pnces, relative individual technolo A

‘ capltal costs and operatmg and mamtenance (O&M) costs. The primary outputs of the ,
/Technology Choice Submedule are the market shares of service demand met by each avaﬂable
" technology, and the correspondmg average equipment coefﬁcrent of performance by (end-use)

service.

: End-use consumptlon is developed usmg the calculated service demands from the Servrce

| Demand Submodule, along with the market share and eqmpment charactenstlc outputs of the
Technology Choice Submodile. End-use consumption is then benchmarked to known historical
data for the commercral sector, in order to account for nonbuilding use and other energy

consumptlon that is not modeled wnhm the bmldmgs component.

As described previonsly, commercial floorspace, fuel prices, and behavioral rule 'a'ssump'tions are
key drivers of the module Sensitivity analysrs is therefore focused upon testmg module
- responsrveness under varymg assumptlons regardmg these key dnvers ‘Table 2 summanzes the

scenano descriptions that are presented in this report.

. Energy Information Administration .
. NEMS Commerclal Demand Module Documentation Report -~ F-14



" Table 2, Scenario Descriptions for Sensitivity Analysis

Scenario Title ‘. ScenaxioDsaiption
1. R.efatnceCase Basescmano MAMdefanhﬂomspace,NEMSd:fanltfuelpnm,NEMSCommmalModuledcfanlt
' C -behavxomlmleasszmpuons.
2, HighFloorspace - , Incmsecommamlsacwrﬂoo:spacebylo%eachywofmefmst UseRefermoeCasedefamtfuel
pnmandbehmonlmleasszmpuons. :
3, Low Floorspace Decmsccommqm]seaorﬂootspwebym%udnywofﬂiefmst. UseRcfermeCasedefault :

4. H.igh Electricity Price
'S. Low Electricity Price

6. Me Electricity Pxioe@gh)
7. Emu.ne Electricity Price(Low)

8. High Matural Gas Pr;ce

9. Low Natural Gas Pnce

?0. High Distillate Pncc

11, Alll.msthszCap_ital’DgEisions
12. All Same Fuel Capital Decisions

13, All Same Technology Capital Decisions

fuclpncesmdbehavmalmlcassumpuons.

hmmwmmmﬂmdmutypneebyl%&chymroﬂhefmm Use Reference Case
defanlts for ﬂoorspace, add.monal fuel pnes, bd:avxora! rule aszmptxons.

Decmaseoommmalseamelwmextypnceby IO%eachyearofﬂ:efomst. Use Reference Case
defanlts forﬂoo:space. Mdmonal fuel prices, behavzora] rule asumpuons.

Qnadmplecommucmlsectorelectnmtypncenchywofﬂ:efms:. Use Reference Case defaults for
floorspace, addmonalﬁxelpncs,bebavma]mlempuons.

Decmsecommmalsectorelmtypncebyﬁ%eachymofmefom UseRefumeCase
defanltsforﬂooxspace. addmona] fuel pncs. behavioral rule assumptions.

.

Inamsecommumalsectornannalgaspncebylo%ewhyuxofd:efomst. UseRefueneeCase
defanltsforﬂootspace. addmonalfuelpncs,bebawoml m]emmpnons.

Decwasecommacxalseaornaunalgaspnceby lO%achywofmcforwast. UseReferenceCasc

. defaults for ﬂoorspace, addmonal fuel prices, behavioral rule assumptions.

Inueeseoommmalseaordsstiﬂatepncebymj%achywofthefm Use Reference Case defaults
forﬂootspacc, additional fuel prices, behavioral rule assumptions.

Set behavioral rule proportions to 1.0 for Least Cost, 0.0 for Same Fuel and Same Technology rules. Use
RcfumccCasede&nhéforﬂoomcandfuelpﬁm
SetbdzaworalnﬂepmpmuonstolOforSameﬁ:cl,OOfot LeastCostandSameTechnologynﬂs. Use
RdamCasedcfanltsforﬂoorspaceandfuelpnm ’

Set behavior rule proportions to 1 OforSachechnology.OOforuastCoaand Same Fuel rules. Use
RcfemnceCasedefmﬂtsforﬂoorspaocand fuel prices. .

-

Energy Information Administration
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" Reference Case Scenario

The Reference Case scenario emplojs the MAM default ﬂoorspace forecast, the NEMS Restart

File fuel price senes, and the NEMS Commerc1a1 Module default assumptlons for all remaining
- module parameters, mcludmg behavroral rule propornons

The Reference Case forecast of total commercral ﬂoorspace is prOJected to mcrease annually,
.-begmnmg with an annual raté of i increase of 1 7%, and tapenng off fo an annual growth rate of
- 0.8% by the end of the forecast penod. -Census Drwsron-specrﬁc ﬂoorspace trends are more

. volatile than natronal ﬂoorspace trends, especrally in the Mountain Census D1v1sron, whmh N
accelerates to an annual growth rate of 6.7% by 2015. -

Reference Case fuel pnces vary relative to each other throughout the forecast period. In1t1a11y,
the price of distillate fuel is greater than the pnce of natural gas (measurmg all fuels in 1990
dollarslmﬂhon Btu for equivalence), but thlS relatlonshlp reverses over the forecast penod
Forecasted electncrty prices fall gradually through 2000 and rise shghtly after 2000, for an
average annual growth rate of 0.2% over the forecast penod ’

As descnbed prevrously, fuel prices are key dnvers in the caprtal stock decision process modeled
in the Technology Choice Submodule The observed changes in the fuel proportlons of service
demand reflect changes in the relative fuel pnce series over the forecast period. As antlcrpated

' market equrpment performance for the major services of space heatmg, space coohng, and water .
heating i 1mproves over the forecast penod, reflecting the 1mplementat10n of energy efﬁcrency
standards and the gradual trend of the commerclal market - equipment manufacturers and

' commercral COnsumers — toward the mstallatlon of higher effic1ency equipment. ~

Energy Informatron Admlmstranon ' )
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'The initial behavxoral rule assumptlons indicate that d1ffer1ng proportlons of commerc1a1
consumers both across and within building types and decision types (new, replacement, or
retroﬁt) consider characteristics of the1r existing eqmpment (type of fuel used or type of
eqmpment), in addition to equlpment costs, in the capltal decrsron-makmg process.

Reference Case projections of energy consumpnon by fuel. type are presented in these forecasts,
electncrty consumption increases from 2.9 quadrillion Btu (quads) in 1990 to 3.3 quads in 2015, -
for an average annual growth rate of 0. 6% over the forecast penod. Natura.l gas consumption
mcreases from 2.8 quads in 1990 to 3. 3 ‘quads in 2015, resultmg in 0. 7% average annual growth
over the twenty-five years. Dlstlllate consumption remains at 0.5 quade over the forecast period.

, Energy Informatlon Adnnmstranon - ]
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-AIternate-‘Floorspace Scenarios

The altemate ﬂoorspace scenanos employ the BASE92 NEMS Restart File fuel price series, and
the NEMS Commerc1a1 Module default assumptrons for all remammg user mputs ‘including
behavioral rule proporuons The mcremental ﬂoorspace scenano increases the MAM ﬂoorspace
forecast by 10% for each year of the forecast penod. The decremented floorspace scenano |
decreases the MAM ﬂoorspace by 10% for each year of the forécast. '

lncremented Floorspace Scenano

The expected result of i increasing commercral floorspace is mcreased energy consumption -
(

' . projections for all fuels, since mcreasmg ﬂoorspace effectlvely expands the commercial sector

- market for all fuels Thrs expectatron is realized, as demonstrated in the energy consumptlon

" . forecasts. In this consumption forecast, electricity- demand rises from 2.9 quads in.1990 to 3.4

quads i m 2015, an increase of 0.1 quads over the reference electncrty forecast S1m11ar1y, natural
gas demand rises from 2.76 quads in 1990 t0 3.5 quads in 2015, an increase of 0.2 quads over the
Reference Case. Distillate fuel demand falls from 0.5 quads in 1990 to 0.4 quads in 2015, as -
compared to a steady reference forecast. This last trend reflects the decline of distillate fitel

* " penetration in new commercial floorspace.

Decremented Floorspace Scenano o

The priniary expected result of decreasmg commerc1a1 ﬂoorspace isa correspondmg decrease in
' .energy consumption compared to the Reference Case, since decreasmg floorspace effectlvely
reduces the size of the commerc1a1 market. This expectanon is realrzed as demonstrated in the

. energy consumptron forecasts In this consumptron forecast, electnclty demand rises from 2.9
' quads in 1990 to only 3.1 quads in 2015, 0.2 quads less than the reference electncrty forecastin
2015 Slmrlarly, natural gas demand rises from 2. 8 quads in 1990 t0.3.2 quads in 2015, 0.1
| quads less than the Reference Case. Drst:l]late fuel demand falls from 0.5 quads in 1990 to 04

quads in 2015, as compared toa steady Reference Case forecast Asi in the mcrementa]

sy

: . Energy Information Admmrstranon ‘ :
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floorspace scenario, this last trend reflects the declining distillate fuel penetration m new
" commercial floorspace. ' ‘ ' 7

. . Energy Information Administration , ‘ -
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~ Alternate Fuel Price Scenarios -

The fuel price scenanos d1scussed in this sectlon are generated using price senes constructed

from the. NEMS Restart file. ‘All other default module assumptxons as descnbed in the Reference
Case forecast are retamed in the fuel pnce scenanos High and low fuiel prices are md.1v1dually
tested and presented, for the major fuels of electnclty and natural gas. A hlgh dlsullate fuel price
scenario, hold.mg all’ other fuel prices at Reference Case levels, is also tested. In order to analyze
module performance under dramatw pnce changes, two extreme cases are analyzed The first
extreme case mcreases the annual electricity pnce to 400% of the Reference Case value, for each
forecast year The second extreme case decreases annual electnclty prices to25 % of the

Reference Case value.

Expected Results _

The definition of a normal good states that an mcrease in the price of a good results i ina

reduchon in the quantity demanded of that good In add1t10n the SlletltllthIl effect postulates

that an increase in'the relat1ve pnce of good x results in'an increase in the demand for ‘goods that
are substitutes for good x. Assummg that the energy services provided by the fuels under .

| consideration are normal, \and recognizing that NEMS Commercial Module permits fuel |

'switching through the Technology Choice submodule, these principles translate into expected
changes.in'demand across all.majo-r fuels resulting from alternate fuel price assumptions for
individual fuels. o o

Spec1ﬁcally, the fuel ; price scenanos performed for th1s analysis modlfy individual fuel price
proJecttons, holding remaining fuel pnces at Reference Case levels This type of scepario
.specification alters relauve fuel pnces fac111tat1ng the analysrs of both own-fuel and cross-fuel
impacts. The expected results of i increasing the pnce of fuel f are a decrease in the quantlty
demanded of fuel f and an increase i in the quantlty demanded of other major fuels Analogous to
the price increase scenano, pnce reductlon scenanos are expected to result in increases in

. Energy Information Admxmstratlon . . )
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quantity-demanded of the fuel experiencing the price reductlon, accompamed by decreases in the
) quantlty demanded of other major fuels whose relative prices rise under the altemate scenano _
Minor fuel consumptxon forecasts are expected to remain at Reference Case levels, since fuel ‘
subsntutlon is permitted only across the ma_] or fuels that compete to meet service demands within
; the Technology Choice submodule as descnbed in Volume I of this report
Electrlclty Price Scenarlos ‘
The four alternate electricity price scenarios performed for this analysrs are: 110% Reference
Case 90% Reference Case, 400% Reference Case, and 25% Reference Case Each of these
scenario specifications tests a different aspect of module performance. The ﬁrst two scenarios
test a normal range of module sensitivity, and the latter two scenarios test module response under

extreme circumstances.

Forecasted energy prices for the 110% Referénce Case scenario are provided in Table 3 along
with the forecasted consumption for each price scen'ario. As'expec‘te'd, projected electricity
demand rises at an ayerage annual growth rate of 0.6% over the forecast period, as compared to
0.7%,in the Reference Case. In addition, natural gas demand rises from 2.8 quads to 3.3 quads

"+ -over the forecast period, for an mcrease of 0.1 quads over the Reference Case projection. |
" PrOJected distillate fuel consumpuon remains steady under this scenario, reflecting the trend

away from the installation of mstlllate-ﬁred eqmpn_lent in new commercial floorspace. These

trends are also reflected in the fuel proportions of service demand that support this scenario.

Energy price pro_]ectlons for the 90% Reference Case scenario and the correspondmg energy
demand forecasts by fuel type for th1s scenario are also found in . The reduction in'Table 3
forecasted electricity pnces results in the expected i increase in pr03ected electricity consumption
over the Reference Case forecast. The increase is slight (only 0: 01 quads by 2015) over the
Reference Case. Similarly, the correspondmg comparison between forecasted natural gas

Energy Informauon Administration .
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" Electricity ] 1 1000 | 10es | 2000 | awes | zem
A 5% of Baseline | - 626 | 604 sgr ] 596 6.17:
0% ofBaselise | 2252 | 2175 a2 | 214 219
___Baseline 2502 24.17 2347 s | 66 ]
110% of Baseline | 27.52 26.59 2585 | 2620 | . 2713
. . 400% of Baseline | __ 100.10 9668 | -03ss 95.28 98.60 105.64
- || Natual Gas ’ | ) '
e " _ Baseline 495 5.08 535 55 636 6.2
_ Baseline 497 5.00 498 | 535 sas | sm |l
" : . ' Co tion (quadsiyear)
— — | |
‘ : _125% of Basline 286 333 37 303 405 aofl
- " ' 90% of Baseline | * 286 3.14 338 3.45 3.43 333
e ' Baseline 2.86 313 337 343 341 332 ||
110% of Baseline | 2.86 3.13 336 342 3.40 330 ‘
400% of Baseline 2386 305 | 324 | 3% +321 3.10
25%ofBaseiine | 276 | 275 260 | . 261 1254 246 "
‘90%of Baseline | 276 | 204 304 311 317 323 "
Baseline 276 | 205 | 3gs 313 3.19 3.25 "
110% of Baseline 276 296 307-] . 3as 322 329
400% of Baseline 276 3.1 - 335 353 370 288 |
25% of Bascline 049 044 040 L0371 035 0.33
| : 90% of Bascline 1049 0.48 047 045 | 047 0.49
Bascline | 049 048 _o047 046 0.47 049
_ 110% of Baseline | - 049 048 047 | 046 047 049 |
400% of Baseline |~ 049 | oas |- 042 0.40 03 | oijl
. Eneréy Inforﬁlaﬁon Administration .



_consumption in 2015 for the alternate case and the Referer:ce Case is also slight (a difference of E |
: | 0.02 quads). Distillate fuel consumpuon remams steady under th1s scenano The 400%
Reference Case and 25% Reference Case scenarios test the responsiveness of the module under
more dramatlc price assumptions. As expected, the extremely high electricity pnce dampens the
upward trend of elecuicify consumption growth, resulting in an average annual growth rate of

" .0.3% as compared to 0.6% in the Reference Case." The natural gas consumptlon forecast

increases significantly over Reference Case levels under this scenano, growing at an average
annual rate of 1 4%, compared to 0.7% under Reference Case assumptlons Distillate fuel

' consumption falls at an annual average rate of 1. 1% over the forecast penod, reﬂectmg the )
contmued steady penetration of natural gas equipment under the 400% scenario. The forecast
trends observegl in the 400% Reference Case scenario are reversed under the 25% Reference
Case scenario, with projected electricity consumption growing at an annual average rate of 1.4%
over the forecast periori (compared to 0.6% urlder Reference Case assumptions), and natural gas
consumption declining at an average annusl rate of 0.5%. Distillate fuel consumption declines
even more steeply (1 6% average annual decline from 1990 to 2015), again reflecting market
trends away from distillate. equipment and relative price d1sadvantages compared to the other

major fuels.

Figure"/' and Figure 8 provide a graphical comparison of the aitemative' electricity price scenarios
"and the effect on the levels of consumptlon m electncrty and natural gas the substitute energy

source.

Energy Information Administration -
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Figure 8. NEMS Commercial Natural Gas Forecast under Alternative Electricity Prices

Natural Gas Price Scenarios

Two alternate natural gas price scenarios are presented in this report' 110% Reference Case and
90% Reference Case Similar to the electnaty price scenarios, these two cases are designed to

" evaluate module responsweness in projecting energy consumptlon and fuel proportions of service -
demand under alternate price forecast assumptions. Asin the electncity price scenarios, all other
major fuel pnces are held at Reference Case levels while natural gas prices vary, in order to

. analyze own-price and cross-pnce impacts. .
Energy pnce prOJecnons and the forecasted consumptlon for the natural gas pnce scenanos are

presented in Table 4. As expected, the increase in the relanve pnce of natural gas over Reference

Energy Information Admlmstranon -
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Case levels results i in reduced average annual growth in pro_]ected natural gas consumptlon over
the forecast period (0 5% compared to O. 7% in the Reference Case). Pro;ected electricity
consumptron remains at Reference Case levels, and projected distillate fuel consumptron rises at
an average ‘annual growth rate of 1.1% over the forecast penod, mdrcal:mg that fuel substltutlon is
-occurnng from natural gas eqmpment into distillate eqmpment since the relative pnce of natural .
gasto drsnllate becomes higher under this scenano "The correspondmg results of the |
' Technology Chorce submodule for thrs scenario support the relatlve pnce theory

As expected, the reduction in natural gas prices compared to Reference Case levels results in ‘
mcreased pro;ected natural gas consumphon growth, at an average annual growth rate of 0. 8%,

' ~ compared to 0. 7% in the Reference Case. Projected electnclty consumptlon is slightly lower

. than the Reference Case in 2015 (by 0.01 quads), reﬂectmg the increased relatlve price advantage-

of natural gas under this scenano Slmﬂarly, d1st111ate consumption falls from 0.5 quads in 1990

. to 04 quads in 2015 also reflecting the relauve price advantage of natural gas under this
scenario. o ‘ '
Figure 9 illustrates’ the response of the demand for natural gas under the varying price scenarios,
Electr1c1ty consumpnon figures are excluded. since the graphlcal presentatron does not
s1gmﬁcantly add to the analysrs Th1s is because electncrty consumptlon is not as sensmve to
changes in natural gas prices over the forecast horizon due to the minor effects of cross-pnce
cons1derat10n, which are dlscussed further in the elasticities sect10n of this report In addmon,

' electricity is the sole energy source for several types of eqmpment.such -as hghtmg, ofﬁce_
equipment, etc. ' ' ‘ ) '

) Energy Information Administration . . : '
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Table 4. NEMS Fc;recast: Alternative Natural Gas Prices

Energy Prices (1990 $/MMBtu)
NawralGas -+ | 1990 | 1995 | 2000 | 2005 | 2000 |
. 90% of Baseline GasPrice | 446 | .457 | 48 | 518 5'.72'-"

__Baseline Gas Price . 495 | . 508 3.35 5.75 6.36 "

110% of Baseline GasPrice | ~ 545 | 559 | -589 6.33 7.001|

" Electricity :
‘ _Baseline |~ 2502 | 2417 ] 23477| 2382 | 2466
. ' . Baseline| 497 ] s00| 498 ) 535 | 544 "
' ‘ ' Consumption (quadsiyear) ‘ "
Electricity f R RSN RO B “ |
" 90% of Baseline Gas Price | 2.86 |  3.13 i 337 343 3.40
- " . BasclineGasPice| 286 | 313 | 337 | 343 | 341 |
110% of Baseline GasPrice | 286 | - 314°| 337 | "344 | 342 " 5
“ Natural Gas - - e "
' 90%ofBaseline Gas Price | 2.76 297 3.09 3.18 3.27 "
” Baseline GasPrice | 276 | 205 | 305 | 313 3.19 "
110% of Baseline Gas Price | 276 | 2.1 2_.§s I 303 | 306 "
Distillate Fuel . ’ 3 - "
| 0% ofBéseliné 049 | o048 | 047 | o046l o4 “
_ Boscline | 049 | 048 | "047| o046 | o4
" 110% of Baseline | . 049 | 048 | o047 | o046 o047 "

[
'
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Figure 9. NEMS Forecast of Commercial Sector Nafural Gas Demand under
Alternative Natural Gas Price Assumptions . '

Distillate Price Scenario -~ .. _

~ For completéness in testing module sensitiVity under major fuel price assumptions, a 110%
Reference Case is presenéd for dlsnllate fu’el As illustrated in the consurnption forecasts,
increased distillate pnces result in reduced consumption of distillate fuel over the forecast penod.
Drstﬂlate consumptron falls from 0.5 quads in 1990 to 0.4 quads in 2015, for an average annual
decline of 0.6% over the forecast penod, compared toa steady forecast under Reference Case

_ ‘prices. Projected electncrty consumptlon remams at Reference Case levels under thrs scenario,

and prOJected natural gas consumption rises by 0.7%, compared to 0.6% under Reference Case |
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assumpuons Asin the 110% Reference Case scenario for natural gas, th1s scenano ﬂlustrates
the fuel substitution that occurs between distillate and natural gas

Price Elastlclty of Demand Calculatlon

The economic description of the long run is that penod in which all mputs vary, mclud.mg the
| capital stock.. The Technology Ch01ce submodule of NEMS Commercial Bmldmgs Module
xensures that capltal stock is permitted to vary, since all service demand is- subjected to the

(decision-making process, for each year of the forecast penod. This effectlvely ensures that the

- price elasticity ¢ of demand estimates computed by comparmg altemate price scenanos of the

NEMS Commercial Module are long-run. For purposes of this analy51s, long-run price elast1c1ty

estimates are computed both within and across fuels, for the three major fuels of electnc1ty,
natural gas, and distillate.

- The estimated own-price and crbss-price demand elesﬁeiﬁes are‘nresented in Table 5 . As
illustrated in the table, the own-price impact for electricity appears small-in coinparisdn te the
own-price impacts for natural gas and distillate fuel. The pnmary factor underlying this result is

" the presence and steady penetratlon of solely electric end uses such as ventilation systems, office
equlpment, and refngeratlon systems in commercial buﬂdmgs In addmon all new commercial
floorspace ut1]1zes electnmty to meet lighting service demand mcreasmg the complex1ty of

' evaluating lo_ng-run trends in electricity cqnsunlptlon. In spite of this complication, the own-
"price elasticity estimates for all three n1aj or fuels fall within the range observed in documented

" analyses. '’

C'ros’s-li)ﬁce.'elas'ticities are not significant for electric and distillate fuel pairs, due to the limited
variation across price scenarios. Natural gas consumptlon dlsplays a symmetnc cross-price

‘ elashcxty w1th respect to electnmty and d1st111ate prices, nsmg approxmately 0.7% for each 1% -
rise in electuc1ty or dlsu]]ate price. D1stlllate d1splays a comparably large cross-pnce elasticity of
nearly 1.3% for each 1% rise in natural gas pnce, ﬂlustratmg fuel subst1tut10n behavior.

1
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-Table 5. -'Long-Run:P.riéé Elasticity of Démand Estimates

I

Fuel - L(;ng-Riln Price Elasticity of Demsnd
| Btectricity | -0.030 I

Natural Gas - T ] 0230

Distillate -0.426

Cross-Price Elasticity of Demand | Electricity | Natural Gas © | Distillate
‘Electricity ' | {as. ns.

‘Natural Gas | 0.066 o066 .
Distillate > |as | 1277

X (
O e



Alternate Behavioral Rule Proportion Scenarios

. / ‘
The assumed proportlons of commercial consumers that follow the three behavmral rules are key
" drivers of the NEMS Commerc1a1 Module The Reference Case assumptlons are derived from
studies pertalmng to consumer charactensttcs building charactensncs behavioral pattems, and -

i professional judgement to align the m1t1a1 proporhons as closely as possible with known

'htstoncal information-and expectattons One test of module performance in capital stock
dectslon-makmg mvolves assuming that all COnSumers follow a smgle behavior rule, holdmg all
' other module mputs at Reference Case levels )

All Least Cost Behavior ' , |

The Least Cost behavioral rule assumes that commercial tmnsurriers consider all pieces of
eqmpment that meet a glven service, across all fuels, when faced with a capital stock decision. .
The consumer chooses the pxece > of eqmpment that meets the servme at the lowest annualized
lifetime cost. The "All Least Cost" scenario sets the ratio of consumers following this rule to
1.00, removing all fuel-specific considerations in the decision process. Th1s scenario effectively

assumes that decisions are independent of the fuel proportions'of the existing equipment stock.

The theory underlymg this scenario- does not accurately reﬂect observed market behavror and
| professmnal expectations; a certain proportion of consumers are expected to base cap1ta1 A
' decisions in part on the fuel currently being used to meet that service demand. For example, a
commercial consumer that is satisfied with the performance of a natural ‘gas boiler may give
greater preference to purchasmg another natural gas boiler, as compared to an electnc fumace,.
when.the current boiler wears out, possibly due to reasons such as percelved comfort or
reliability, that maybe mdependent of relative technology costs.
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In this forecast, projected electricity consum_ption rises at an annual average _growth rate of 0.7 %,
as compared;to 0.6% in the Reference Case Forecasted natural gas. consumpﬁon rises at only

0. 2% onan average annual basrs, compared 10 0.7% in the Reference Case, and drstrllate |
;consumpnon rises at an annual average rate of 0. 9%, compared to a steady Reference Case

' forecast. ‘These trends mdrcate that, under the Reference Case relatrve prrce projections, elecmc j
and drstﬂlate-ﬁred eqmpment en_]oy cost advantages that are not fully realized when the ma_]onty
of commercral consumers are assumed to follow the Same Fuel and Same Technology behavroral
rules. o \ ¥ e . {

The module performs as expected under this a]temate scenarro, given the pro_]ected pnce trends

for the ma_]or fuels. Under the Reference Case scenarro electncrty prices are expected to rise at

an annual average rate 0f 0.2% over the forecast penod. Natural gas pnces are forecasted to rise

1.2% on an annual average basrs, and distillate pnces are prOJected to rise at 0 6% annually The
drspanty in price growth rates along with the reversal of the relatrve price relatronshrp between

. natural’ gas and distillate fuel dunng the forecast penod, drive the results of the Least Cost -

scenano ‘ o ‘

All Same Fuel Behawor o

' The Same Fuel behavroral rule restricts the caprtal stock decrsron to the set of technologres that

' consume the same fuel that currently meets the deczszon-maker s.service. demand. The consumer

' chooses from this subset of available technologles the specific equipment that meets the service

at the lowest annualrzed hfeume cost. The assumptron of all Same Fuel behavior effectively

ehmmates fuel substrtutron ﬁ'om the Technology Choice submodule. i

- As in the Least Cost scemario, projected‘ electricity consumption rises at an annual average

\ growth rate, of 0.7%, compared to 0.6% in the Reference Case. Forecasted natura_l gas

consumption rises at only 0.2% on an average annual basis, compared to 0. 7% in the Reference
Case, and drstlllate consumption rises at a srgmﬁcantly hrgher annual average rate of 2.0%,

' compared to a steady Reference Case forecast ' ‘
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. Two pnmary conclusions can be drawn from this exclusion: of fuel substitution. First, the
movement of the commercial market away from electric and distillate space heating and water
- heating equipment in favor of natural gas equipment is ehmmated, resultmg in persistence of

" electric and distillate servrce ‘demand for these servrces This trend contributes to increased
growth in the electricity and distillate forecasts at the cost of slower growth in the natural gas
forecast compared to the Reference Case. Second, the 1ong lifetimes associated with distillate-
fired eqm'pment also contribute to the pémiswnce_ of distillate ma_riéet share. -

- All Same Technology Behavior _ .
' Under the Same Technology fule, commercral consumers consrder only the available models of
the same technology and ﬁtel that currently meets serv1ce demand, when facing a capital stock:

' decrsron Eqmpment chorces are therefore festricted to the subset of models of equipment .

| avallable that use the same fuel as ex1stmg eqmpment. For example, a commerc1a1 consumer
currently using a medium efﬁc1ency distillate-fired furnace chooses as 1ts replacement the .
available distiliate furnace model (e g., medmm—efﬁcrency, high efﬁcrency, very thh efﬁcxency)
that meets the space heating service demand at the lowest annualized cost. The assumption of '
. all Same Technology behavior eliminates both fuel substitution-and technology substitution.
This is the most restrictiv'e behavioral rule assumption tested in this analysis.

Un'der the Same Technology assim’aption, electricity consumption is forecast to be 3.5 quads in

. 2015, with a forecast annual avemée growth rate of 0.9%, compared to 0.6% in the Reference _
Case. Forecasted natural gas consumption rises at0.1% on an average annual basis, compared to
0.7% in the Reference Case. Distillate fuel consumption falls shghtly over the forecast period, at
an average annual decline of 0.2%, compared to a steady Reference Case scenano ;
Reference Cas_e Forecast . ,

. The forecasted increase in electricity consum;;tion compared to the Reference Case (and the
Same Fuél scenario) results from the interfuel and intrafuiel restrictions imposed under the Same
Techno_l_ogy'mle. Under the Same-P:uel rule, consumers ‘are permitted to choose more efficient'
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' technologles usmg the same fuel currently in place. For example, consumers using mefﬁcrent
electric resistance space heatlng cqmpment are capable of choosing h1gh efficiency electric

. boilers (that meet the same amount of heating semce demand and consume less electnmty than
resistance equipment) under the Same Fuel rule. In contrast, the Same Technology rule restricts
the cho1ce set to the available electric resistance eqmpment, potentially resulnng in a choice that

" uses more fuel than other electnc technologles to meet the same semce demand. PrOJected

_ natural gas consumptlon trends under this scenario follow the gradual introduction over the

forecast penod of more efficient natural gas space heating, space cooling, and water heatmg '

" _equipment - with competmve capital costs This trend reflects the movement of the market toward '
higher efﬁcxency eqmpment as e)ustmg eqmpment retires, when restnctmg the'choice to the same
class of technology ' ‘
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