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1. INTRODUCTION

1.1 PURPOSE OF THE REPORT

This report documents the Load and Demand Side Management (LB@&W)odule of the National
Energy Modelling System{NEMS). The NEMS isdesigned as an integrated model WfS. energy
production, conversion, supply, pricing, and consumption. OD8M is asubmodule of the Electricity
Market Module(EMM) of the NEMS. The EMMreceives electricity demand from ttNEMS demand
modules, fuel prices from the NEM8el supply modules, expectations from tREMS system module, and
macroeonomic @rameters from the NEMS macrosomicmodule. Using thiglata, the EMM estimates the
actions taken bylectric utilities and nonutilities, to meet demand in the most economic manner within
operational and environmental constraints.

The LDSM submodule of the EMMorks in conjunction with th&€lEMS demand modules, and the
capacity planning and diggch modules of thEMM. This report is intended as a reference document of the
LDSM submalule, for model analysts, users, and the public. The Energy Information Agency is legally
obliged under Public Law 94-385, section 57.b.2. to progidiequate documentation in support of its models.

1.2 MODEL SUMMARY

The EMM comprises four submodules, namely, electricity capacity plan(&@e), electricity fuel
dispatch(EFD), electricity finance and pricingEFP), andoad and demand side managem@rdSM)
submodules. As stategrlier, the LDSM submodule is designed to operate witiNBE®S demand modules
and the capacity and dispatch modules of EwM. The purpose of the. DSM submodule is to explicitly
incorporate utility decision-making with regards to utility-sponsored DSM into NlEMS modeling
framework. Furthermore, the LDSMperforms the important function of translating total electricity
consumption forecasts into system load shapes needed for capacity planning.

Broadly speaking, theDSM submodule has been designed to perform four functions:

. Translate total electricity consumption forecasts into system load shapes,

. Develop utility DSM programs for potential inclusion in future utility capacity
expansion plans

. Translate census division demand data MERCregion data, and vice versa.

. Represent the impacts of intermittent technologies on load shapes.

Alan's section 1.3

06C1268A
Page 1



1.4 MoDEL ARCHIVAL CITATION AND MODEL CONTACT

Model Name: Electricity Market Modulg EMM)

Submodule Name: Load and Demand Side Management (LDSpmodule

Office: Energy Information Administration

Division: EnergySupply and Conversion Division

Branch: Nuclear and Electricity Analysis Branch

Model Contact: Alan BeamonEIA, 1000 Independence Avenue, S.W., Washinddo@. 20585.

Telephone: (202) 586-2025.
1.5 REPORT ORGANIZATION

The LDSM Model Documentation Report is organized in two volumes. The first volume contains a
description of the suhodule, while the second volume contains the actual code, as well as a comprehensive
list of the variables used in ttmode. Volume | is organizeidto the following sections:

Model Purpose

This section describes the objective of tHeSM submodule, the level of aggregation of the data
used in the model, as well as its relationship with other modules and submoduleNBM®& framework.

Model Overview and Rationale

This section lays down théngosophical and theoretical basis for the model, as well as outlining the
fundamental assumptions in the LDSMIternative approaches and other models tackling the same issue of
demand side management are also discussed, and the reasons for the present structure of the model are
pointed out.

Model Structure
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This section describes in greater detail, the solution algorithm of the submodule. It presents a
flowchart for the sequence of operations undertaken by the Lebtribes the database of options and end-
uses developed inside the LDSM, aldo lists the mathematical relationships that govern the different steps
inside theLDSM.

Appendix

The appendices are in three distinct part, named appendices A, B, and C. The first part, titled
Appendix A, conains the tables listing the set of DSM options and programs in the residential, commercial,
and industial sectors. Tables Al, A2 and A3 list the DSM programs and options in the residential and
commercial sectors. These tables reflect the actual options being offetbi$ iversion of the LDSM
subnodule. Table A4 contains a plan of the options and programs for the industrial sector. The industrial
options are not included in this version of thBSM.

Appendix B contains the model abstract, as well as details of the input data. The computations and
algorithms shown in the appendix, reflect the actual variable names and processes used in the model code.
The relevant suloutines in theeDSM code are cited in the appropriate sections of Appendix B. Figure B-1
shows the communication of the LDSMth external files. Figure B-2 contains a detailed chart showing the
information flows within the LDSM, as well asommunication with other modules of thEMS. Figures B-

3 through B-9 contain flowcharts of different subroutines withintie&SM. Appendix C contains detailed
specifications of variables used within thBSM code.
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2. MODEL PURPOSE

2.1 MoDEL OBJECTIVES

The LDSM submodule is designed to be a fully integrated part of NiEMS framework. The
submodule models the impact of DSM activities in terms of changes in load shapes. To do thixSWe
submodule has a database of end-use load shapscfoof thehirteen EMM regions, being modelled in the
NEMS framework. The LDSM also uses aheologies databaskeveloped jointly with the demand modules.
Individual DSM options then match a base technolddyROM" technology) to a more efficient DSM
technology ("TO"technology). The energy changes and the resulting changes in load shapes (delta load
shapes) are computed for each option. These constitutethievel impact of DSM options. To compute
the system level imgicts, the DSM options must first be penetrated over time, and then aggregated to a form
that can be competed against supply-side options. Details of these processes are given in the sections that
follow.

The LDSM submodule uses stock and demand information from the demand modules at a Census
Division level, and translates it into EMM region levadta. The LDSM has developed database of DSM
options in the residential and commercial sectors. This information is based on a survey of existing utility
practices”

Using thisinformation, theLDSM models potential changes in stock and energy consumption
patterns, as a result ofility sponsored rebates, and informational DSM programs. The effect of these DSM
programs is moeled in terms of changes in the load duration curves. Before these potential changes can be
included as final stockhanges, however, they must be selected by the ECP module, after competing against
supply-side options. Thus the LDSM modple-screens DSM options that are then sent to the ECP for final
evaluation. The DShbptions that are finally chosen, are then translated into changes in Stheke stock
changes are then passed on to the demand modules for computation of the new stock figures.

In conclusion, the.DSM builds system load shapes from demand module data, and models utility
sponsored DSM pragms. The LDSMsubmodule haswdady been integrated with the EFP module, and will
be fully integrated into th&lEMS framework, asoon as the ECP, EFD and demand modules are ready for
integration. Once this step is corapd, the ECP will be able to compete DSM measures against supply side
options, in order to meet the demand for electricity.

2.1.1 Level of Aggregation

In the LDSM, electricity generation is represented folNk8th American Electric Reliability Council
(NERC) Regions and Subregis, called EMM regions. Of thelMERCRegions, six are represented in their
entirety: ECAR, MAAC, MAIN, MAPP, SPP and ERCOT. In thdortheast Power Coordination Council
(NPCC), the NewEngland states constitute one region and New York represents ar{bitfier In the
Southeastern Electric Reliability Council (SERGhrida is separated from the rest of the region. The Rocky
Mountain Power Area (RMP) and Arizona-New Mexico Power Area (ABNbcouncils have been combined
into one region. The Northwest Power Pool Area (NWP) @atifornia-Southern Nevada Power Area (CNV)
form the other two regions.

Y The sources surveyed include data from the Bonneville Power Administration, Lawrence Berkeley
Laboratories, ICF Analysis for EPEGUMS modeldocumentation, and IRP reports from state commissions.
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Using NERC Regions and Sulgiens allows for a better representation of electricity markets. Load
data for electric utilities is collected by the NERC amdy provided at the regional leveT hese data are not
easily separable into census divisions because many utilities operate across state boumtiaseshe
present structure makes comparisons of EIA BEdRCforecasts possible at a regional level instead of just
the national level. Only the New England Census Division corresponds exactNERE Region.

2.2 RELATIONSHIP TO OTHER MODULES
The LDSM submodule iefacts with the NEMS demamdodules, and the ECP, and EFP submodules

within the EMM. Hence, the LDSM idirectly linked with several major modules in thEEMS modeling
f r a m e w o r k . Fi g u r e 1
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Figure 1 LDSM Linkages With Other Modules
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Table 1. Intra-Module Linkages

Inputs to LDSM Outputs from LDSM
S ST from Submodule to Submodule
ECP . Selected DSM Progmarfected System Load Duration Curves
» Fraction of implementation of  « DSM Programs
the selected programs - Delta Load Impacts
» Avoided Costs - DSM Costs (Equipment and Pro-
gram)

- Maximum Possible DSM Penetration

EFD . Yearly Adjusted Regional System
Load Duration Curves

EFP . Electricity Rates « Utility DSM Investment

displays these linkages. Only th®SM links are shown in the figure.
There are two centralets of linkages associated with theSM module:

. Inter-Module, i.e., with the Demand and Renewable Modules, and
. Intra-Module, i.e., with the other submodules of M.

Although theLDSM works independently of these other modules, tB$SM shares common data
and provides necessary data for these modules.

2.2.1 Intra-Module Data Linkages

The LDSM submodule is designed to be fully linked with the other EMM submodules LDBM
submodule prforms fourintegrating functions. Thiérst integrating and linkage function is to supply system
load duration curves to the Electricity Capacity Plann{&§P) and the Electricity Fuel Dispat¢&FD)
submodules. The second kirykage function is to develop economic DSM programs (costs and load shape
impacts) for consideration by the ECP submodule and to process the DSM options that are selected by the
ECP. The third key linkage is the passage of avoided cost values from the ECP and electricity rates from the
Electricity Finance and Pricing (EFP) to the LDSM submodule. The LDSM in turn, passes DSM progtanacd
peak contribution infonation foreach end-use sector, to the EFBdule that are used to modify the financial
statements and develop cost allocation algorithms. The fourth linkage function is to develop adjusted system load
duration curves thatccount for DSM and iermittent technologies for the EFD.

Current LDSM code is agpped with the designatddlCLUDE files which contain common blocks
for acconplishing the aforesaid linkages. However, #wtual integration of the submodule with ottNNEMS
modules has not been completed as yet.

Table 1 lists themajor linkages between thddSM and theother EMM submodules. Table 1 and
Figure 1 show that theDSM interacts with the other EMM submodules before and after they are run. The
LDSM module has, in effect, two parts. One part, which interacts with the ECP submodule of the EMM
module, is run whenever the ECP submodule is run, i.e., once every year. The second part of the LDSM
submodule is the part which interacts with the EFD and EFP submodules of the EMM module.
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This part is run with every iteration of tidEMS. Thefollowing subsections discuss intra-module linkages
in greater detail.

2.2.1.1 Linkages with the Electricity Capacity Planning Submodule

The LDSMsubmodule has numerous linkages with the ECP submodule. The following discussion
is divided into the outputs and inputs to thBSM submodule.

Outputs

The outputs from th&€ DSM submodule to the ECP include:

. Projected Regional system load duration curves for each year in the ECP planning
horizon and
. Potential DSM programs, in aggregated form

In each yearlyiteration of NEMS, the LDSMobtains projections of yearly demand data from the
demand rodules. The Bmand nadulesproduce electric demand estimates on a Census Division level. The
LDSM converts these data from a Census Division level to EMM regions using the "fixed shares" method.
In this approach, thegocentage of eachesus division'soad allocated to an EMM region remains fixed over
time, for each of the sectors in the demand modules. (In other words, the Census division to EMM region
mapping méices do not change over time). Utilizing these forecasts LID8M develops system load
shapes for each of the 13 EMM regions.

These system load shapes are then discretized to obtain load duration(t@s3, that are input
to the ECP submodule. The LDSM allows for vBekibility in the definition of theLDCs. Both the number
of segments and the assignment of housetpments are inputs to the mod&lach LDC segment is discrete,
and is associated with a time-of-day and seasonal definition. The ECP submodule scales these load shapes
for future years based on projected future electricity demand. The shape of.b€sdor future years is
eitherfixed or variable, depending on the foresight assumptions. Under perfect foresight, the system load
shape and LDC change for each future year based on end-use demand patterns. Conversbbthuticer
myopic andadaptive expectations scenarios, the system load shape and LDC are scaled, based on total
electricity demand, but keep the same pattern for future years.

In each yearly itettion of NEMS, the LDSMalso develops aggregate DSM programs, for each EMM
region for possible selection by the ECP submodule. Examples of aggregate DSM programs that might be
passed to the ECP submodule for examination include space heating, space cooling, lighting, and load
management programs (checlpoapdix A for details). The DSM programs that are output to the ECP by the
LDSM are aggregate (i.e., multiple DSdptions) programs that have already passed the Total Resource Cost
test. The California Total Resource Cost test as used by the California Public Utility Comn{iG§lbiC)
in 1987 is used by theDSM. This test compares the total customer direct costs of an option to the utility
benefits of reduced demand amwlergy. More details on the test are given in later sections. The ECP selects
the least-cost mix of resource options based on data®iv, supply and renewable options. Irfest, the
DSM programs become "capacity” resources which are characterized by associated implementation and
operating costs and which can be used to satisfy a portion of electricity demand in each load segment.

The specific DSM program data output to the current version of the ECP submodule are the
following:
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. Potential DSM Impacts on LDCs These load duration curve impacts incorporate
market penettion assumptions based on rebate levels, payback acceptance curves,
and linear growth from current to maximum penetration levels.

. DSM Costs Total utility DSM costs in present value terms, for each DSM
program?

Inputs

The LDSMreceives three inputs from the ECP submodule:

. Regional Avoided Costsand
. Selected DSM Programsand
. The Fraction of the selected DSM programs that the ECP Submodule decides to

implement in the next year, expressed as a value between 0 and 1.
These inputs are described below.

Key inputs to the.DSM areforecasts of regional avoided costs derived by the ECP submodule.
These avoided costs, are based on thegmat cost of producing more electricity, in case DSM measures are
not promoted, and electricity consumption increases as a result. In regions where there issairpady
built capacity, the mainal costs are only the variable costs, mostly fuel céstwever, in regions where
new capacity needs to be built in order to meet growth in consumption, the avoided costs include the cost of
building newcapacity. Hence, avoidambsts in those regions are larger. Itis, therefore, more beneficial for
utilities in regions with high avoided costs to promote D&Masures, than it is for utilities in regions with
lower avoided costs. Avoided costs dheis used to screen DSM options. Avoided cost projections are
needed for each future year and LDC segment.

After the ECP submodule chooses economic DSM programs, and the level of implementation
expressed as a function of the maximursgible penetration of the market, thbBSM processes the selected
programs prior to passing participation levels to NiBMS demand modules, and utility DSM costs to the
EFP submodule. The key function that thBSM conducts after the ECP module is executed is to
disaggregate theggregated DSM programs into thre detailed DSM options. Tables Al through A3, in
the appendix A, give some idea of the aggregated p&dgrams and the disaggregated DSM options that are
likely to be used in the LDSMubmodule. The final list of aggregated options will be developed in keeping
with the data handling capacity of the ECP submodule.

2.2.1.2 Linkages with the Electricity Fuel Dispatch Submodule

During each itergon of the NEMSmodel, theLDSM outputs regional DCs to the EFDsubmodule.
The curves used in the current version of the model, reflect demand impacts associated with conservation
based DSM options only. These ameorporated into the electricity demand estimatesated by the NEMS
demand modules. Future improvements in the model will adjust the&s for load management DSM
options(e.g., A/Cload control, cool storagetc.), and intermittent technolodgad shape impactsOnce
completed, these changes will reflect the choices made by the ECP optimization model. In the present

2 These present value annual costs are the sum of DSM investmen(iastisitial program costs)

and annual utility program costs, such as utility rebates and incentives.
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version, however, load management DSM options cannot be modelled directly KBRS demand
modules.

In future versons of the model, theDSM will supply the ECP module with the deltaDCs (i.e.,
curves that show hownuch load will be generated in each block of the systddt) for each of the
intermittent technologies that will compete within the ECP submodule. The availability and pattern of the
load shapes for intermittent renewable technologidsbe provided by theNEMS Renewablemodule. The
LDSM subnodule will adjust the_DCs supplied for the EFD module, to reflect the ECP model's choices
concerning the utilization of intermittent renewable technologies.

2.2.1.3 Linkages with the Electricity Finance and Pricing Submodule

The final intra-moduld.DSM linkage is with the EFP submodule. The EFP submodule develops
estimates of utility revenue requirements, financing needs, and electricity rates based on capacity expansion
decisions, fueprices, and electricity demand. Th&®SM provides outputs to the EFP submodule, and
requires inputs from the EFP.

Outputs

After DSM programs are chosen by the ECP submodaule, this information is passed ohBSikle
submodule. The LDSM interprets thiformation, and calculates the market impacts of these DSM options.
This information is expressed as a fraction of the current market for different technologies, and is passed on
to the demand modules by th®SM. Based on current estimates of the market sizes, the demand modules
estimate the new mix of technologies in tharket, expressed in absolute numbers. These estimates are then
returned to th&. DSM.

Using thisdata, the LDSMlevelops utility costge.g., incentives, administration costs) incurred in
each NERC rgion and demandector. These program costs are output to the EFP submodule to incorporate
into utility expenses and capital expenditures.

Inputs

In order to develop estimates of rebates, tBSM requires forecasts of customer electricity rates.
These regional eletdtity rates are used to calculate the payback associated with each DSM option. Rebates
will be set in LDSM toachieve a 2-year customer payback. This 2-year payback criterion is based on
standard utility pactice, along withinformation derived from a survey of utility DSM programs. The survey
was conducted by ICResources as a part of this project. Its primary function was to get a picture of actual
DSM programs offered by utilities, as well as the level of costs incurred and incentives offered. The survey
revealed that a 2-year payback criteria is used by many utilities in their DSM planning.

Linkage Example

Let us assume, that in the New England EMM region t#SM submodule is gauging the
effectiveness of a DSMrogram offering incentives on the purchase of more efficient refrigerators. Assume
further, that the program is in the residial sector, and is aimed at existing households only. OD8&M has
the incremental cost of the more efficient refrigerator. TBESM needs the electricity rates in the EMM
region, in order to compute what would constitute a 2-year payback for the customer. Based on the amount
of savings needed for a 2-year payback, and ttrementatosts of the more efficient refrigerator, thBSM
will be able to compute the level of rebate that the utility can offer for that DSM option.
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Accordingly, theLDSM makes changes in the system load shapes and@s, to reflect the
reduction in refigerator load as a result of the program, provided that the program is selected by the ECP
submodule. Once these cliges have been made, the costs incurred in the program must be recovered in the
region's revenue gelirement. Thus the costs of the program to the utilities of that region must be passed on
to the EFP submodule, which then includes them as expenses in the appropriate category of the revenue
requirements of the region.

2.2.2 Inter-Module Data Linkages

The LDSM Submodule already has linkages with HEEMS demand modules. Soon it will also be
linked with theNEMS Renewabl&lodule. TheLDSM hasbeen designed to transfer and adjust electricity
demand forecasts prior to the capacity expansion and dispatch decisions, witBM~Mhe The following
paragraphs give more details about these functions.

There are three linkages of the LDSM with the NEBI&Mand modules. First, thdSM transforms
CensudDivision electricity demand projections from the demand submodotesEMM regional demand
estimates. These estimates are then transiatedgystem load shapes for use by the Electricity Capacity
Planning (ECP) anélectricity Fuel Dispatc{EFD) submodules of the EMM module. Second, the demand
submodiles transfer and share information on technology characteristics (electricity usage and costs) and
market size with th& DSM submodule. As electric technologies and usage patterns change over time, the
demand rodules transfer data conforming to these changes, to the LEM®hodule. Th&DSM is designed
to directly access the technology characteristics database for each demand module. Third, after the EMM
submoduleshoose economic DSM programs, thBSM submodule translates program information into
participation levels for th&lEMS demand modules. The demand models transfer and share information
about techology characteristics and market size with tBSM. The LDSM accesses a technology
characteristics database in each demand module.

The linkage between the LDSM submodule and the NEM&R@ble Module is not complete. Once
completed, the LDSMubmodule will translate the daily and seasonal pattern of generation associated with
non-dispatchable, intermittent renewable technolog¥s the generation curve representatiq@CR)
compatible with the ECP LDCs. These will reflect the maximawailability of the technologies as
prescribed by the Renewables Model.

Table 2 lists the linkagdsetween the LDSM and thather modules. Examination of this Table and
Figure 1 showsghat theLDSM interacts closely with these other modules dumMigMS model runs. The
following discussion highlights these inter-module linkages in greater detail.

06C1268A
Page 11



Table 2 Inter-Module Linkages

NEMS Module Inputs to LDSM from Module Outputs from LDSM to Module
Demand Modules (Residential, + UECs and current stock data, + Participation Shares by
Commercial, Industrial, Trans- by equipment type Equipment and Efficiency Levels
portation) « Equipment investment and

operating costs
e  Electric demand by region
and end-use

Renewable . Hourly and Seasonal Generation
patterns, assuming maximum
possible utilization of renewable
technologies

2.2.2.1 Linkages with theNEMS Demand Modules

The LDSM Submodule irzady to bedlly linked with the &@mand modules iNEMS. This complete
linkage is recessary because the development of total system load shapes for the ECPE#iD, thied DSM
programs for the ECP depends on detailed data olethe and characteristics of regional electricity demand.
Since the linkage categories are similar betweenUb8M and thethree demand modules, this section
presents all of these linkages in total. In addition, the following discussion is divided into the inputs and
outputs to the. DSM submodule.

Inputs

The inputs to th&. DSM submodule from the demand modules include:

. UECs and currergtock data, by equipment type
. Equipment investment and operating costs
° Electric demand by region and end-use

In eachyearly iteration oNEMS, the NEMSdemand modules develop regional (9 Census division
levels) electricity demand for each of thed-uses. TheDSM first translates the Census Division estimates
into EMM regional electricity dmand. Next, the LDSM develops total EMM region system load shapes from
the end-use demand estimates. Section 4.2 discusses this load shape development process.

In order to support the otherajor demand-related function 6DSM, i.e., thedevelopment of DSM
programs, the LDSMubmodule requires inputs on the end-use technologies.LDB& and the NEMS
demand modules share the same basic data on technology cost and performance. This is important, since
DSM activities promote energy efficient technologies that are already commercially available, or are likely
to be available. Hence, these technologiasst form a part of the technology stock for that particular year,

3 It has not been determined how the process based approach in the industrial module will be linked to

a technology based approach thatltixsM follows. Linkages will be specified when information
is available about usage patterns, efficiencies, and baseline assumptions.
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in the demand submodules. The role of DSM is to bring about faster penetration of already existing
technologies. If thsame data base is not used by the demand submodules dddShg there will be a
divergence witlrespect to the technology assumptions that are being made by the demand submodules, and
those being made by the LDSM. In keeping wilese requirements, a joint data base has been developed by
the LDSM anddemand submodules.

The promotion of certaienergy efficient technologies through DSM is based on two key attributes
of the technologies, namely: (1) the incremental demand and load impact and (2) the incremental cost to
achieve greater efficiency or load control.

Outputs

The outputs from the LDSM submodule to the NEMSmndnodules are associated with the results
of the DSM selection process conducted in the ECP submodule &Nivd. The ECPchooses "economic”
DSM programs forditure years. The LDSMranslates size and characteristics of the DSM programs selected
for the next yearjnto Census division equipment participation levels for input into M&MS demand
modules. These participatioeMels are expressed as fractions of available market. They indicate both, what
technology gained pécipants and what technolodgst participants. This function jgerformed over time,
since a DSM program that has been seleatdidoe implemented over a period of years. THBSM also has
the capability of outputting to the demand modules specific portions of the end-use equipment markets that
will implement the DSM option. In other words, if a DSM program is being implemented over a period of
five years, and has a potential market of 100,000 customerd,D$M submodule allocates potential
customers to the program over the five year period, such that the total number of customers is 100,000.

2.2.2.2 Linkages with theNEMS Renewable Module

The other set of inter-module linkagevisth the NEMS Renewablenodule. This feature has not yet
been coded into the submodul@®ncethis has been done, th®SM will have the capability of translating
hourly andseasonal generation from non-dispatchable, intermittent renewable technimtgiesd shape
impacts (in LDC form) forinput to the ECP.These hourly and seasonal generation patterns wilhpet
from the NEMS Renewabl®lodule. If an intermittent technology is chosen by the ECP submodule, these
load shape impacts are used in the LDSM to develop adjsgdmLDCs forinput into the EFD submodule
of EMM.

An Example

Supposethat in the year 1994, in an EMM region in California, as a result of legislation or
technological innovation, a large amount of solar capacity comes on stream. NEEMS framework, the
ECP submodule will be able to choose this as a new supply option. If this isae the choice is
transmitted to the LDSMvhich must adjust the LDC of the region to accommodate this change. In order to
adjust the LDC, thé. DSM will use the typical load shape from a solar generating facility, that provides
additional capacity especially in the day-time summer hours, and to a lesser extent in the winter day-time
hours.
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3. MODEL OVERVIEW AND RATIONALE

3.1 PHILOSOPHICAL AND THEORETICAL APPROACH

Increasinglystringent regulations, and a greater emphasis on the preservation of the environment,
have in recent years, made it increasingly difficult for utilities to add to their generating capacity. On the
other hand, the excess capacity that hadn built into the system in the sixties and early seventies, has been
gradually eroded as a result of increases in demand. Consequently, state and local governments, as well as
utilities have sought ways to reduce the need for new generation sources, by modifying the ways in which
electricity is used in the country. Most state commissions now require that utilities revigesaible
options, includingdSM, in their plans to meet consumer demand. It is therefore logical, that the NEMS
framework include a system for modeling DSM activities as an alternatigapply side options.

Traditionally, seeralsupply gtions are competed against each other when planning new generating
capacity. However, DSM measures focusindividual end-uses or appliances, while generating capacity
must be planned on the basis of aggregated demand and supply estimates. In order to allow DSM measures
to compete against supply options, thereftreth demand and supply-side options must be expressed in
terms that are comparable. ThBSM submodule follows such an approach.

The LDSM develops system load shapes for the thirteen EMM regions. These are used by the ECP
submodule forcapacity planning. Selected DSM programs are represented as changes in load duration
curves, and competed against supply side options.

The LDSM has a database of DSM options in the residential and commercial sectors. The industrial
DSM option database will be added when the industeahdnd module is ready with the information needed.
The residential and commercial sector, option database contains individual DSM options that map a
"baseline” technology to ®SM" technology. The baseline technology consumes more energy or else is
characterized by l@ss economical pattern of energy usage over a 24 hour period, than the DSM technology.
The energy savings resulting from the sgg@ment of onenit of "baseline™ technology with onenit of DSM
technology are repsented as delta load duration curv&sch curveconsists of a predetermined number of
load blocks characterized by different avoided costs.

The cost of energy saving is then compared against the LDC block specific avoided costs of
electricity production for that region. These avoided costs are obtained from the ECP submodule of the
EMM. Using thiscriterion in the form of the Total Resource C4$RC) test, all DSMoptions are pre-
screenedhside the LDSMsubmodule. Only those options that pass the test are developed futfénaee it
is assumed that only those DSiveasures whose cost@fiergy savings compares favorably with the avoided
cost of electricity production, would be promoted by a utility.

For each accessful DSM option, the DSM technology must then be "penetratéa’the market
depending on thexisting market share of the base and DSM technologies in the years over which the DSM
program is offered. The market shares for théetlént technologies are obtained from the respective demand
modules (residential, commercial or, in the future, the industrial sector).

These options are then aggregated into DSM programs. efbegy savings accruing from these
programs and thesaogated program costs on a regional level, are then passed on to the ECP submodule for
competingagainst supply side options. The DSM programs finally chosen as a result of this competition in
the ECP submodule are then transferred back ta.Bb®DM submodule wherthey are disaggregated into
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individual DSM options.Oncethis is done, the resulting changes in stock are computed, aggregated to the
appropriate census division level, and passed on to the respective demand modules. In this manner, the
LDSM submodule uses DSkeasure information at the level of individual appliances, and combines it with
aggregated demand and avoided cost information, in order to produce DSM programs that can be competed
against supplgide options. The final choice of DSM programs is made by the ECP submodule, and is then
translated into changes in stock, which are executed by the demand modules.

3.2 FUNDAMENTAL ASSUMPTIONS

There are several implicit assumptions about DSM activities that have been made in the model
design. Thedatabase of technologies used by ti#SM submodule for the residential and commercial
sectors, assumes that these technologies are available throughout the U.S at costs that are comparable. The
industrial sector data is, in fact, not being used at present since the industrial demand module data is not
available. Commercial sector tewlogy data ishowever, region specific. Future versions of the model may
also include region specific data for the residential and industrial sectors, but that would require further
efforts to obtain the necessary data. Such enhancements would be useful, since DSM options have been
chosen based on these choices of technologies. Furthermore, the model makes inherent assumptions about
the commercial avaikility of energy efficientappliances in the future. The dates when these appliances will
become available, their estimated capital and maamtea costs, as well as efficiencies are assumed inside the
joint technology database. Thesewamptions can, however, be changed in future runs of the model, as more
information becomes available.

Secondly, themodel chooses the TRC (Total Resource Cost) test for the pre-screening of DSM
options. A pecise description of the test is presented later in the text. The general concept of the test is that
only the options with sufficientlpigh ratios of economic benefits to costs aoeepted. The annual benefits
are calculated as the sum of the products of energy savings times the avoided costs of meeting the demand.
The costsinclude the incremental costs of purchasing of the appliances and the administrative costs of
implementing the optionBoth the benefits and the costs are appropriately discounted and summed over the
entiretechnical life of the affected equipment. It is assumed that this test [gé#ferred test criterion used
by utilities across the country in assessing the financial viability of their DSM programs, and that only
financially viable DSM programs are promotedutylities. As a possible exception to thigle, in the future,
the model may have the provision for hardwiring some DSM programs as "must run" programs mandated by
state governments and utility commissions.

Another assumption relates to the aggregation and disaggregation of individual DSM options, into
DSM programs. When the EGlabmodule choosediaction of a DSM program, it is assumed that the same
fraction of each DSM option has been chosen, and the penetration of individual options is handled
accordingly.

3.3 ALTERNATIVE APPROACHES AND REASONS FORSELECTION

The modeling approach used in thBSM, represents an advancement in the modeling of DSM as
a utility resource option. Although DSM analyses have bieearporated into previous models and modeling
approaches, no other model has shene breadth of treatment of load shape impacts, DSM screening, ability
to link directly with customer demand models, and national scope in one modeling framework. Atthe same
time, however, during the development of the LDSM submoduleh&sé approaches and methodologies used
in other models have been incorporated.
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The LDSM has been designed to approximate the actual pi&khing environment. In this context,
three overall energy and electricity policy modelsre examined, and three electuidlity system planning
and DSM screening modelgere examined. Thesaodels are described in greater detail below.

The LDSM submodule uses relevanadicterstics fromboth existing screening and utility planning
models and from regional and national level DSM models. However, the integration requirements with
respect to NEMS make it impossible to include existimgdels within theNEMS framework. As aesult, the
LDSM is essentially a new model that draws on the best features of the existing models, with capabilities
beyond those of existing models.

3.3.1 Energy Policy Models

There are existing policy models that attempt to model DSM within a national, or regional-level
electric utility planning context. These models inclD@®E's FOSSIL2Policy Assessment Corporation's
ENERGY 2020, and EPA's Electric and Gas Utility Modeling Syst@®UMS). Thefirst two models are
very similar — both of these models are systems dynamics models, and shaanikeheritage (i.e.,
FOSSIL2). Although these models are useful foticy analysis, the level of detail on DSM planning is
minimal. Qustomer choice is modeled through supply curves. Load shapes are not used. In addition, the
systemsdynamics basis for these models would make it difficult to transfer the approach to the NEMS
intertemporal modeling framework.

EOSSIL2

FOSSIL2, the integrating analysis tool used for thédfeal Energy Strategy, is a dynamic simulation
model which forecasts lontgrm (30 to 40 years) behavior of théS. energysystem. The model is an
equilibrium energy market model in which energy markets "clear" over time as a result of feedback among
prices, demand, and production capacifyOSSIL2uses a systems dynamics methodolodyOSSIL2
addresses demand-side maragnt onsideations explicitly as end-use "conservation" technologies. These
technologies areepresented in "supply" curves that plot cumulative savings against capital costs expressed
in ($/MMBTU - dollars pemillion Btu) for each end use and fuel type. The technologies are arrayed in a
least-cost order on the curve and the cheapest measures are implemented first.

Although FOSSIL?2 is an excellent model forerall policy modeling, its coverage of DSM measures
and load shape representation is not very detailed. In particular, vintage and technology detail is not
extensive, and DSM measures are not directly competed against supply-side options.

ENERGY 2020

ENERGY2020 is very similar in sticture to FOSSIL2. They ateoth based on a systems dynamics
framework. ENERGY 2020 forms an integrated plannifr@mework that simulates the interactions within
the energy sector under various external and policy conditions. ENEERGY 2020 framework can be
automaticallycalibrated, using generally available data, and modified to represent any particular energy
source, utilitycompany, or geographical area. The Policy Assessment Corporation has exten@siche
systems dynamics structure of FOSSIL2, and has developed extensive detlitpfinancing and DSM
measures.

Although ENERGY 2020 is a flexibleframework and can conduct detailed analyses, its systems
dynamics structure cannot be integrated intorttzenframe, yearly iteration form of tiéEMS.

ELECTRIC AND GAS UTILITY MODELING SYSTEM (EGUMS)
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The last modelEGUMS, issimilar in concept tNEMS. EGUMS hadeen developed for tHd.S.
EPA by RCG/Haigler-Bailly. It is a multi-region modeling system that simulatiity decision-making
under alternive policy scenariosEGUMSforecasts deman®SM, andcapacity planning in sequence for
the complete planning horizon in one pass, and iterates through these steps until convergence. The DSM
portion of EGUMS evaluates numaus energy conservation measufie€Ms) for cost-effectiveness, selects
cost-effective ECMs, projects ECM market penetration, and develops adjustments to system load shapes.
DSM options are examined in the capacity expansion nthdeligh these adjustments to system load shapes.
Due to this structure, the mod#bes not have demand feedback between years in response to yearly changes
and trends in avoided costs and electricity rates.

Nevertheless, the model does have seveiglugncapabilities thatDSM incorporates. In particular,
EGUMSdoes directly link detaileEPRIend-use forecasting models with the DSM portion of their model.
Changes in electricity demand forecasts affects DSM potential and cost-effectivenessDSMehas a
similar linkage with the detailelEMS demand modules. The DSM screening and market penetration
calculations for both models are also similar, and use a payhack&ptance framework. The payback
acceptance framework relatesximum potential market penetration to the underlying customer economics,
measured by simple payback. The shorter the payback period, the larger the maximum penetration.

3.3.2 Utility System Planning and DSM Screening Models

Specialized DSM and utility planning models exist in the electric utility sector. In general, these
models are designed to do specific utility analysis, and are not able conduct the full set of linkages and
functions required o DSM. Thesemodels can be categorized as DSM screening models ER]'s
DSManager or Synergic Resources Corporation's COMPASS models) or larg@lacalimg models which
have submntial DSM planning capabilitie@.g., EPRI's EGEAS). DSlgcreening models determine DSM
option cost-dectivenessUtilities use these models to design programs or as a pre-screen before examining
DSM options in systemglanning models. Utility system planning models conduct detailed optimization of
future utility operation. Typically, only supply-side options are considered in these models, but several
models, e.g., EGEAS)ave the ability to directly compare DSM options with supply-side options. These
models are discussed below.

DSMANAGER

DSManager has been developed for the Electric P&esearch Institute by Electric Power Software
to conduct detailed assessments of DSKMars. DSManager is a microcomputer-based model. DSManager
calculates the impact of DSM alternatives on utilities #redr customers. The model tracks both the physical
changes, such as the level of power demand, and the dollar flows. DSManager produces a quantitative
estimate of the costs and benefits for each of the affected parties using simplified and flexible models of the
electric system and its customers. DSManager is in wide use by electric utilities to screen and select DSM
alternatives.

DSManager is a microcomputer-based model that cannot be easily integrtdethe NEMS
framework. However, the DSM screeniqpprtion of theLDSM follows all the basic analytical steps
conducted by DSManager.

COMPASS
The Comprehensiviglarket Planning and Analysis Syst§@OMPASS)developed by the Synergic

Resources Qmporation is very similar in design to DSManage€OMPASS isalso implemented on
microcomputers. Both models are used by electric utilities to assess the potential for DSM options in their
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service territories, and to screen these options on cost-effective@€d8lPASS differs from DSManager
primarily in its inclusion of market potential and market penetration algorithms.

As was the case with DSManager, COMPA&Bo cannot be easily integrated into NEMS
framework. Nevertheless, the LDSM doeslude similar approaches to the market potential and penetration
algorithms included itCOMPASS.

EGEAS

The Electric Generation Expansion Analysis Sys{&#GEAS) is amodular generation expansion
package that enables utility planners to evaluate the caliber of least cost strategies, the influence of indepen-
dent power producers on utility expansion, and alternatives regarding avoided costs and/or life extension
scenariosEGEAS is not alintegrating model. Thenodel enumerates the type, size, and installation date for
each selected demand- asupply-side alternative. All of these parameters have to set up prior to operation.
NEMS requires a more flexible structure. Téteength oEGEAS is itsextensive modeling flexibility and its
ability to compete DSM and supply-side alternativedevertheless, the size tiis model and its non-
integration capabilities limits its possible application wittNEMS and the LDSM.
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4. MODEL STRUCTURE

As was discussed in Section 1.2, Model Summary fb&M Submodule has several functions and
purposes. To summarize what has been said earlier, the three primary functions of the submodule are to (a)
develop regional system load duration curves from demand estimates for the ECP and EFD modules, (b)
screerpotential DSM options for analysis by the EMM Capadtgnning module, and (c) supply the demand
modules wittfeedback from the ECP concerning the shifts in end-use technology resulting from the optimal
choice of DSM options. Inddition to these three functions, th®SM also translates the 9 Census division
electricity demand estimates into the NBRCregions and subregions that the EMM requires.

The LDSM submodule is designed to simulate the DSM planning efforts at electric utilities.
Furthermore, the LDSMvill provide the bridge between demand forecasting and utility resource planning.
For eachyearly iteration, the demand models will provide the integrating module with the total electricity
demand by region for the current year, along with demand by end-use, building type and technology type.
This information identifies the size of the potential market for utility-sponsored DSM programs. Naturally
occurring customer-driven energy efficiency changes are modeled by the demand models and serve as input
into the DSMmarket penetration estimation procedure. Central to the question of naturally occurring
efficiencies versus DSM induced efficiencies, is the issue of free riders,what proportion of DSM
customers would have shifted to more efficient technologies even in the absence of DSM programs. Later
sections touch upon this issue in more detail, sassamptions about free ridership play a big role in the cost
effectiveness of a DSM program.

The Integrating Module also obtaingdoasts ofuture electricity demand from the demand modules
by end-use, building type and technology type. THesecasts are used WYPWSM in developing system load
shapes for the ECP submodule and for projecting DSM market penetration. The development and screening
of DSM programs isenducted by LDSM.Actual choice of DSM programs as part of future utility resource
plans is made by the ECP submodule.

Figure 2displays the sequence of tasks th&®SM conducts during each yearly iteration of the
NEMS model. These tasks include:

. Mapping of Census Region Demand Estimates EMM Regions

. Development of System Load Shapes

. Development of Intermittent Technology Load Shape Adjustments (not ready yet)
. Screening of DSM Options

. Computations of the DSM load impact curves and program lifetime costs

. Computation of sectoral peak loads necessary for the ECP module calculations

. Disaggregation of Selected DSM Programs

. Computation of the annual expenditures of utilities on DSM programs
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Technology

Load Shape
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DSM Screening
-Development of DSM Option Set
-Calculation of Incremental Costs and Impacts
-Customer Payback Estimation
-Penetration Estimation and Rebate Derivation
-Cost-Effectiveness Calculations
-DSM Program Aggregation
-DSM Delta Load Shapes

:

ECP and EFD Submodules

i

Disaggregation of DSM Programs

:

NEMS Demand Modules

Figure 2: LDSM Tasks.

This chapter summarizes the approaches to accomplish these tasks withid8kke Thesections
that follow discuss each of these tasks in order.
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4.1 MAPPING OF DEMAND ESTIMATES INTO EMM R EGIONS

One of the functions of the LDSM submodule igptmvide the interface for demand data between the
NEMS demand modules and the EMM module. This component conducts two tasks. The first task is the
transldion of the sectoral demand estimates that are produced by 9 Census divisions within the NEMS
demand modules into the 13 EMM Regions. Finally, Li¥SM will need to translate any DSM programs
impacts back into the Census Divisions in the form eEpatages of available market that has to be subjected
to the technology shifts.

4.2 DEVELOPMENT OF SYSTEM L OAD SHAPES
This section describes the methodology used to construct electric utility load curved.iD$hé

The end result of these calculations is the seasonal and annual load duration curves for each of the 13 EMM
regions. The overall methodology can be described as consisting of two steps:

. Step 1: Forecasting regional chronological hourly loads for each hour of the year
. Step 2: Sorting Hourly loads to produce load duration curve representations for ECP and
EFD.

Both of these steps are divisible into smaller sub-parts, and these are described in detail below.
4.2.1 Forecasting Regional Chronological Hourly Loads

The LDSM submodule has developed 8760 hourly system load curvefi¢ot different appliance
usage patterns (e.g., space heating demands may be higher at certain hours, while at other times the water
heating load may dominate théC). Investments in different utility demand side management programs,
will similarly yield different results at different times of the day, and at different times of the year. The
impact of energy efficiency improvement type DSM options is already incorporated in the analysis, through
appliancestock adjustments, accomplished by the demand forecasting modules. In the future, the LDSM
submodule will als@djust the hourly system load curves to account for impact from load management type
of DSM options. In addition, once enhancements to the model are complete DBl will make
adjustments teeflect the genetin of intermittent technologies by subtracting the hourly generation of such
technologies from the forecast system Idads . In constructing and modifying these curté3Stiaises
a combination ofoad shape data from various sources and historical load shape data collected by the North
American Electric Reliability CounciNERC).

Many utilities use such chronological hourly logltapes to predict their customers' demand patterns.
The hourly system load curves are developed by these utilities, from the bottom up.this the utilities
must have information about the technologies and usage patterns of their customers. At a national level,
however, the building of such load shapespeasent significant data problems. At present, the end-use load
shape data readily available for thisceff are not of sufficient quality to allow for the construction of system

» This approach will allow the EFBnodule to ignore the generation of intermittent technologies in its

simulation of dispatch (since this generation will already be netted out of the demand it dispatches
to). An alternative to this adjustment is to allow the EFD to dispatch intermittent technologies.
However the approach used by the EFD (i.e. representing electric demand using a load duration curve
rather than a chronological load curve) cannot adequately represent the generation of such
technologies.
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load shapes from the ground up. In other wovdsen the load shapes for each end-use are summed together,
the resulting system loazlirve does not closely replicate the actual curve. This may be because the end-use
load curves do not conform to the actual usage pattern in the region. Efforts are underway, which will make
better quality data available in comingars. Onexample is the new Central Electric End-use D&RBED),

run by the Electric Power Research Instit(E®RI), whoseurpose is to collect, catalogue and disseminate
such information. Th&DSM will take advantage of such information as it becomes available.

There are two different appaches used within tHeEDSM model for the forecasting of hourly loads,
namely, the Basic Aproach and the Delta Approach. In the Basic Approach (that is the more intuitive one),
hourly loads for each individual end-use are calculated and then summed to yield the system hourly loads.
In the currentversion of the codethis approach is used for the development of the DBfdgram Load
Impact Curves and the demand sector load curves (whiateaessary for finding the sectoral peak loads that
are required by the EFP model).

In the Delta Approach, the startirgpint is a historical hourly load curve of the system (or other
aggregate of end-use loads) observed in a chosen base year. This curve is then modified using the end-use
load shapes in case the contribution of the end-uses has changed since the base year.

There are plans to implement the Basic Approach fostisem load curves computationdowever,
that will require additional efforts to improve the load shape database utilize®8i.

Once enhancements have been completed, &M will have three generic types of hourly load
shapes. The current version has only the first type of the three described below. The list of these end-uses
is given in Table 3. Ashown, the table lists the technologies and services that use electricity in the two
customer sectorsiamely, residential and commercial. (The industrial sector is represent&xSkl as a
single aggregatbecause the Industrial Demand module does not provide data at the end-use level.) The
second type oénd-use, to be included in future enhancements to the model, represents the impacts of the
individual load managmentype of DSM options. Théhird type of "generic load shapes" are the generation
patterns of the intermittent technologies. These will also feature in future versions of the submodule. The
LDSM submodule will receive inputs for these technologies from Mit#EMS Renewable$lodule, and
subtact the appropriate level of gentioa from the systentoad forecast for inputting to the EFD submodule.

4.2.1.1 BasidApproach

The basic algorithm can be thought of as an end-use building block approach. The system demand
is divided into a set of components called-uses. The hourly loads for each end-use are forecast. Nextthe
hourly loads ofeach end-use is summed to yield the forecast of system load at the customergi.emeter
hourly system sales). ThHimal step is to simulate transmission and distribution losses. The regional hourly
loads are calculated as the sum of hourly system sales and transmission and distribution losses.

Each of these sub-steps is described below.

4.2.1.1.1 Computing End-Use Hourly Loads

In calculating the hourly loads for an end-use, LIR¥SM requires two major inputs:

. annual sales forecast
. typical load shapes that allocate end-use annual load to each hour in a year
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The annual sale®recast is determined endogenousiNEMS. Theannual sales forecast for each
of the base end-uses is passed toltb&M from the NEMSdemand models. The typical load shapes for
each end-use are a&xogenous input taDSM. Typical load shapes are input by month and by day-type
(peak day, week day, and week efd).

End-Use Annual Load

!

End-Use Monthly Load

(Monthly Allocation Factors)
End-Use Daily Loads

(Seasonal Day-Type Allocation Factors)

!

End-Use Hourly Loads

(Hourly Allocation Factors)

GN-0992-LFLOW.DRW

Figure 3: Steps in the Computation of End-Use Hourly Loads

The first stage in the development of end-use hourly loads is to prepare, for each end-use, a
normalized hourly load pfide. This is a one time procedure for the ent&MS analysis, and so it was put
into the LDSM submodule's pre-processttSRDBMGR. Computing end-use normalized, hourly load
profiles from the end-use inputs is a three step process. Figure 3 gives a flowchart of the three steps. All
three steps utilize data that are supplied on a standardiaddhape representatiftSR) file. Each LSR file

5 This definition of seasons and day-types may vagyahding on the format of the typical load shapes
input to the model.Each day represents a period of 24 hours. As the data baseafibshapes
improves over time, more detailed day-types can be defined.
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contains a complete set of data describing a single end-useLSRe in the current version of thddSM
come from the(RELOAD database.

The first step is to divide the annual sales forecast into a set of monthlyfsadessts. This is
acconplishedbased on a set of exogenous input monthly allocation factors. The monthly allocation factors
are a set of weights assigned to each month. These weights inforoD®i& submodule of the relative
energy usage from month to month. For example, the input data could assign January the weight of 1.0, and
if February uses 20 percent more energy then its weight would be 1.2. Similarly, if September's usage was
15 percent less, its weight would be 0.85. In this way the inputs can define the redatugy usage from
month to month. Another way of assigning weights is to define the annual energy usage as 100 percent.
Then each month's weight is given by its percentage contribution to the annual load. Thus, if 20 percent of
the annual load is used during January, its weight could be 20 and then if September is resporilhje for
5 percent of annuanergy usage its weight would be 5. This technique is validag as the sum of the
monthly weights isLl00. Regardless of the technique by which the user assigns these monthly allocation
factors, LDSMwill use them to allocate annual load to monthly load.

The second step of the conversion is to allocate monthly loads to daily loads. This is done in a
similar construct as that by which annual load is assigned to monthly load allocations. It is accomplished
with a set of day-type allocation factors which specify the relative energy use for each day type. All days
within a month assigned to a given day-type are assumed to have the same load.

The third and final step in the conversion is to divide each day'silada set of hourly loads for
that day. This is done in the same manner as annual load is allocated to monthly loazhlyTigference
is that the hourly allocation factors (sets of these factors are referred to as 24-hour load shapes in the data
input file) are provided based upon season and day-types, instead of providing a set of allocation factors
for each day of the forecast year,anmly one set that applies for every day in §esar, the user can provide
a 24-hour load shape for each combination of season and day-type in the forecast year. Thwehnefore,
dividing the daily load into hourlioad, the relative energy usage ratios are selected hgs®dthe day-type
the day is assigned to and the season to which the month the day falls into is assigned.

It is the complete set of hourly loads that describes the load shape of the end-use. Thus, these
computationatechniques must be applied to each hour within each day within each month in the forecast
year as they are defined in the calendar file. The exact computations performed during each of these three
steps is discussed below.

4.2.1.1.1.1 Allocation of Annual Load to Monthly Load

Allocation of annual load to monthly loads is accomplished in a two step process described below.
Since the monthly allocatidactors supplied in the LSRes may not be normalized, first, the normalization
factor is computed. Second, this normalization factor is appliesatth monthly allocation factor. This
yields the percentage of annual load assigned to each month.

The normalization factor is computed by summing the monthly allocation factors for each month.
Therefore,

NM
DMNF = Y DMAF

m=1
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Where:

DMNF = thenormalization factor for monthly allocation
NM = the number of months in the forecast year
DMAF,, = themonthly allocation factor for month m (input)

Nextthis normalization factor is used to normalize the monthly allocdtagtors. Therefore,

DMAF |
DNMAF = ——
DMNF
Where:
DNMAF,, = thenormalized monthly allocation factor for month m
DMAF, = themonthly allocation factor for month m
DMNF = thenormalization factor for monthly allocation

4.2.1.1.1.2 Allocation of Monthly Load to Daily Load

Allocation of monthly load to daily load isccomplished by performing a weighted normalization on
the daily allocatiodactors. The daily allocation factor set (an allocation factor for each day-type) is selected
based upon theeason to which the month is assigned. A daily load amount is computed for each day-type.
This daily load is the load for every day in the month of that day-type. The allocation factors represent
relative energy sage on a typical day of each day-type. The weighted normalization is performed using the
number of days assigned to each day-type as weights.

There is a set of daily load allocation factors input for each season of theease are computed
from the LSRs. Each seasonal set includes an alloctdizior for each day-type in that season. The different
months are allocated to tifent sesons, and theorresponding seasonal set is used to allocate the daily load
to the different dayypes in the month. Thus, the set of daily allocation factors used, vary by season though
the computations will be performed for each month. Hence, rtiae one month may use the same set of
allocation factors, if they are assigned to the same season.

The weighted niamalization of @ily allocation factors is accomplished in three computations. First,
the weighted daily allocation factors are computed as follows:

DWDAF,, = (ND,, * DDAF, )

Where:
DWDAF,, = the weighted daily allocatidiactor for day-type t in month
m
ND,., = the number of days in month m that are assigned to day-
type t
DDAF,, = the daily allocation factor for day-type t in month m
(input)

Then the normalizatiofactor is computed as the sum of theggighted allocation factors. Therefore,
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NDT
DDNF_ = ) DWDAF,_,
t=1

Where:
DDNF, = thenormalization factor for daily allocation in month m
NDT = the number of day-types
DWDAF,, = the weighted daily allocatidiactor for day-type t in month

m

Finally, the normalized allocation factor (percent of monthly allocation) for each day-type is
computed by dividing each daily allocation factor by the normalization fadberefore,

DDAF .,
DNDAF , = ———
DDNF |
Where:
DNDAF,, = the normalized daily allocation factor for day-type t in
month m
DDAF,, = the weighted daily allocatidiactor for day-type t in month
m
DDNF,, = thenormalization factor for daily allocation in month m

The last step is to combine these normalized daily allocation factors with the monthly allocation
factors. This is accomplished by multiplying the daily normalized allocation factors times the monthly
normalized allocation factors.

DDTL,, = DNDAF, , + DNMAF |

Where:
DDTL,,, = fraction of the annual load allocated to each day assigned
to day-type tin month m
DNDAF,, = the normalized daily allocation factor for day-type t in
month m
DNMAF,, = thenormalized monthly allocation factor for month m

4.2.1.1.1.3 Allocation of Daily Load to Hourly Load

Allocation of daily load to hourly loads sccomplished by normalizing the hourly allocation factors
(each set dfiourly allocatiorfactors is referred to as a 24-hour load shape) and combining the result with the
daily allocation of load. This can be broken down into a three step process. First, the normalization factor
is computed. Nextthis normalization factor is applied ®ach hourly allocation factor. This yields the
percentage of daily load assigned to each hour. Finally, these hourly allocation percentages are multiplied
into fractions of total annual load allocated to each diays yielding fractions of annual load allocated to
each hour of the year.

A set of hourly load allocatiofactors (24-hour load shapes) is supplied on an LSR fileere is one
set input for eacltombination of season and day-type, and each set includes 24 hourly allocation factors.
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The set that is used for each day is the one for the day-type to which the day is assigned and the season to
which the month the day falls into is assigned. Notealfthitough the equations presented in this seatiber

to information that varies by month and day-type, the actual information input by the user varies by season
and day-type, respectively.

The normalizatiorfiactor is computed by summing the hourly allocation factors for each hour of the
day. Therefore,

24
DHNF . = Y DHAF .
h=1

Where:
DHNF,, = the nomalization factor for hourly allocation for day type
tin month m
DHAF,,, = the hourly allocation factor for hour h of day type t in
month m

Nextthis normalization factor is used to normalize the hourly allocafamtors. Therefore,

DHAF_..
DNHAF _, = ————
DHNF
Where:
DNHAF, ., = thenormalized hourly allocation factor for hour h of day
type tin month m
DHAF,,, = the hourly allocation factor for hour h of day type t in
month m
DHNF,, = the nomalization factor for hourly allocation for day type
tin month m

Finally, each normalizelourly allocatiorfactor is multiplied into a fraction of annual load, allocated
to a given day, yielding a fraction of annual load allocated to each hour. Thus,

DHL ., = DNHAF_. « DDTL

Where:
DHL 4, = fraction of annual load allocated to hour h of day d in
month m
DNHAF, ., = thenormalized hourly allocation factor for hour h of day
type tin month m
DDTL,,, = fraction of the annual load allocated to each day assigned

to day-type tin month m

Finally the normalized hourly load profile is given as:

{DHL ,4,such tham=1,2,...NM; d=1,2,...N} ; h=1,2,...24}
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Where:

DHL 4, = fraction of annual load allocated to hour h of day d in
month m

NM = the number of months in the forecast year

ND,, = the number of days in month m of the forecast year

Such a set of values is developed from the LSR files byt tBRDBMGR preprocessor for eaeimd-
use, and stored on the direct access fitach record on the file defind®urly distribution of annual load for
one end-use. To speed up computations, the LD&Mel refers to the values on each recosthg the hour-
in-the-year index as explained below.

DistLo = DHL
Where:

DistLo(H)
DHL 41

fraction of annual load allocated to hour H of a year
fraction of annual load allocated to hour h of day d in
month m

4.2.1.1.2 Combining End-Use Load Shapes

The second sub-step of the methodology is to combine the end-use hourly load shapes into one
system load Isape for the forecast year. The combination of end-use hourly loads is accomplished by an
hour-by-hour summation over the forecast year. This procedure is conducted for each EMM region as
follows:

NUSES
SYLOAD(H) = Y DistLo(H) = loadl,
e=1
Where:
SYLOAD(H) = system load in hour H
loadl, = anualload forecast for end-use e (1 stands for base type

approach)
4.2.1.1.3 Simulating Transmission and Distribution Losses

The system load shape calculated above is the sum of hourly sales for each end-use. Thus, itis the
hourly sales for the system. The EFD and E€&uire hourly generation requirements, not hourly sales. The
final step is to increase thmurly system load mpiirements by the fraction of generation lost on transmission
and distribution.

In LDSM, this isacconplished by multiplying the hourlioad values in the EMM region system load
curves by the exogenously defined transmission and distribution loss factor. Since the values are supplied
on the input by EMMregion and then are applied to the EMM regional loads, no mapping of the multipliers
from Census to EMM regions is required.

A transmission and distribution loss factor representavarage of an EMM region's percentage of
energy losduring transmission and distribution. The values of those factors are quite stable at a regional
level because they reflect the efficiency of a transmission and distribution network as a whole. Unless
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considerable changes in voltages ond distances of transmission take place they do not change significantly.
Therefore, those factors are modelled DSM asfixed for the entire planning horizon.

4.2.1.2 Modification to the Basic Methodology

The LDSM end-use load shape data base will evolve over several years. Initially, “off the shelf’
information will be used. (CurrenthEPRI's RELOADdatabase is used as the main source of load shape
information). Over time, the data base will improve as more information becomes available (from such
sources as load researcimasiation, and borrowing from other utilities). This process includes adding more
end-uses to the data base as well as improving the load shape data for existing end-uses. In the first phase of
model development, however, the data available is not sufficiently detailed to allow using the bottoms up
Basic Approach entirely. If the basic approach is used, the results obtained, especially in short term forecasts,
may be significantly dferent from recentiistory. To avoid this, certain modifications have been made to the
basic approach, so as to obtain reliable forecasts using the current data base.

The purpose of thisection is to describe and demonstrate an alternative formulation of system load
shape forecgting whichallows theLDSM to take advantage of the initial system data base, yet still produce
reasonable forecasts. The approach will be referred to as the delta approach.

The essence of what is referred to here as the delta approach is to introduce a newietmthse
data base. This end-use is the current utility system load for which actual load data is available. Load shape
information for this “end-use” will be historical system hourly loads. The resulting hourly load forecast of

this formulation is alsape which in the early forecast years is very similar to current observed shapes. Over
time the shape will change in response to changes in end-use mix.

The delta approach is represented by the following formula:

NUSES
SYLOAD(H) = DistLo(H) * SystemLoad+ Z DistLo(H) * load2,
e=1
Where:
SYLOAD(H) = system load in hour H
load2, = diference between the end-use's e annual energy con-

sumption in thecurrent year and the base year ("delta"
approach -- positive or negative value)
SystemLoad = base year total system load

DistLo,(H) = hourly load shapes for end-uses
DistLog(H) = historical hourly load shapes for the system
NUSES = number of end-uses

While:

load2, = loadl, - BaseYrLd(e,RNB)

Where:
BaseYrLd(e,RNB) = base yebhrad for end-use | in EMM region RNB

loadl, = current year load for end-use |
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load2, = diference between the end-use's e annual energy con-
sumption in thecurrent year and the base year ("delta"
approach -- positive or negative value)

4.2.2 Development of Load Duration Curves for the ECP and EFD Modules

Load Duration Curves (LDCs), aresed by both the ECP and the EFD Modules. An LDC consists
of a discrete nmber of blocks. The height of each block gives the forecasted load, and the width represents
the number of hours with that specified load. Summing the widths of all blocks in the LDC gives the total
number of hours in the yeaHowever, due to the differing needs of the ECP and EFD modules, the LDCs
created for each ahese modules, differ. The sections below describe the specific steps used to develop the
LDCs.

4.2.2.1 Load Duration Curves for the ECP Module

Demand for electricity is input to the ECP module by means of approximdd&s, specified for
each of the 13 EMMegions. Both the number of blocks, and the assignment of hours to blocks is specified
as input data to the program.

The assignment of hours to blocks@mpleted in two steps. In each step, a different sorting criteria
is followed. In the first step, th8760 hours thatmake up a year are assigned to a number of "segments"
defined by month, day-type, and time of day, @hnen, hours within each segment are arranged in descending
order of load. In the second step, each segment is divilmieda number of'blocks”. Eachblock has a
specified percentage of the hours assigned to that segment. Two types of blocks are allowed: "regular”
blocks, and "peak” blocks. The height of a reglilarck is equal to the average load of hours assigned to that
block, while the height of a peak block is equal to the highest hourly load for hours assigned to that block.

The width ofeach block is equal to the number of hours in the block. The area of a regular block
represents the energy demand durinditigrsassigned to it. The area of a peak blatightly overestimates
the actual load during the hours assigned to the bloglowever, for narrow peak blocks, the error in
approximation is not vergignificant. The advantage of this approach is a precise representation of the peak
load.

4.2.2.2 Load Duration Curves for the EFD module

LDCs for use by the EFD module, have been created for each season and for each of the 13 EMM
regions. The steps involved in their creation are listed below.

All the hours in a year are sortéoto a predefined number of seasons and hourly segmeptscim
of the seasons. The hourly segments are defined by month, day-type and time of day. Hours in each of the
segments are sorted in descending order of load. Each of the segmdinidesl into a number of vertical
strips of approximately equal width, assuring that the total number of strips in each season is equal to the
number specified by input data. If the number of strips is sufficiently large, we can assume without
significant error, that all strips have the same width.

Next, for each seson, loadcoordinates corresponding to the midpoints of the vertical strips are read
from the load curves. These coordinates are then supplemented with the highest and the lowest load value
observed in a season, and sorted in descending order. The peak value is associated with a zero time
coordinate and the smallest load valuassociated with a time coordinate equal to the length of that season.

All other values are associated with time coordinates of the midpoints of the vertical strips.DUseare
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supplied to the EFDnodule as sets of load and time coordinates for each of the seasons.LDiissare
generated based on chronological hourly load curves forecasted for each of the EMM regions.

4.3 LOAD SHAPE | MPACTS OF INTERMITTENT TECHNOLOGIES

The LDSM will adjust the hourlyoad curves that represent the sums of the end-use hourly demands
for the generation of intermittent technologies. Thus, the resultib@s will already incorporate the
generation othese technologies for tHeFD. For the ECP tevaluate these technologies, it requires the
impact by LDC segment of these technologies. In other wordsl Bf&M will develop a LDC for each
intermittent technology to represent the maximum possible generation in each segment.

4.4 DSM SREENING

The purpose of this component is to simulate utility DSM planning processes. The design of DSM
programs and the evaluation of program cost-effectiveness is a specific and separate electric utility task.
Within a utility, forecasting personnel develagstimates of market size and composition and system planning
personnel develop future resource plans. IBSM maintains this separate structure.

The DSM Option Screening component simulates the DSM planning process by conducting the
following tasks:

. Development of set of potential DSM options

. Calculation of incremental costs and impacts associated with DSM options,
. Calculation of simple customer payback

. Estimation of market penetration and rebate levels

. Calculation of DSM option cost-effectiveness, and

. Aggregation of cost-effective DSM options into DSM program categories.

The output of this component is a set of DSMgmams that are characterized by total utility cost and
load shape impact in LDC format. These outputs for each aggregated DSM option are used in the ECP
submodule teselect future resources. The following sections describe the steps that are performed in the
DSM option screening component of thBSM.

4.4.1 Development of DSM Option Set

The first task in the DSM Option Screening componentBEM is toidentify and specify potential
DSM options foreach EMM region and for future time periods. The set of options applicable in any
particular year are determined jointly by characteristics of standard and efficient electric technologies shared
with the demand models, thddSM and the set of DSMptions specified. This set of DSM options has
provisions for further adjustments or enbemats. Theinitial set of DSM options are included in Appendix
A. This set can be adjusted and modified to reflect alternative DSM scenarios.

A DSM option is the most disaggregated unit of a DMgram. An option maps a baseline level
technology or service enaderistic to a more efficient DSM technology or service level. Ata minimum, the
following set of information is used to define a DSM option:

. Customer sector
. End-use
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. Baseline technology

. Efficient technology

. First year option is available

. Ramp-up Period

. Administration costs

. Market: new, existing, or retrofit

. Target Maximum Participation Level, if load management program.

The LDSMoptions database uses the same technologies used in the demand models. For example,
a central air conditioneebate program that promotes early replacement of existing air conditioners uses the
existing stock as the base technology and a high efficiency unit as the DSM technology.

The difference between the first year that the technology is available, and the last year that the
technology isavailable, defines the window of opportunity over which DSM programs can offer options
relating to that technology.

The set of DSM optionscludes energy efficiency, load management, and fuel switching programs.
In this version of thenodel onlyenergy efficiency DSM options are included. In addition, because of its
direct linkage with the technologies used by the demand modulegptlo set is designed sccommodate
technological advances and the underlying efficiency imgmmants over time. This is the case, since over time, the
older technologies nionger exist in the database, and the newer technologies introduced have higher efficiencies.

4.4.2 Incremental Impacts

The first task in the DSM Option Screening component is the development of the incremental cost
and load impacts for each DSM option. These incremental impacts are derived from the base and DSM
technologiegdefined in the end-use technology database. These impacts are used to calculate customer
payback, derive rebate levels, and technology penetration levels. In addition, the calculation of incremental
impact and delta load duration curves is conductedréiffiy for energy efficiency than for load management
programs. The procedures for these two program categories is discussed below.

Energy Efficiency Programs

Incremental energy impacissociated with an energy efficiency DSM option is determined on a per
unit basis. These energy impacts are referred to as usage indices (Uls). For example, residential impact are
measured as a change in ueitergy consumptioUEC), measured itkWh/yr., in moving from base
technology 1 to effient technology 2. Commercial impacts are measured in terms of electric usage indices
(EUD), in Kwh/unit of servicedemand/yr. This incremental energy impact is calculated as follows:

Elgir = Ulyg - Ul oy,
Where:
El,, = incremental energy change for option d in region r
Ul, = usage index for base technology 1 in region r associated with
optiond
Ul,, = usage index for efficient technology 2 in region r associated with
optiond

Incremental costgIC) for energy efficiencyoptions are derived by comparing the equipment and
maintenanceosts associated with the base and DSM technology in the database. If the DSM option is
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focused on replacing existing equipment, the full costs of the DSM technology are used as the incremental
costs. Ifthe DSMoption is focused on influencing normal replacement decisions, then the incremental cost

is the difference in costs between the base and DSM technologies. Incremental costs have two components,
one based on capital costs and the other on maintenance costs gerainjper refrigerator, or per square

foot). Maintenance costs include any ongoing labor or expenditures required to keep equipment operating.
The cost of electricity consumed to operate the equipment is not included. Mathematically:

ICC,, = TCC,, - TCG,

ICO,, = TCO,, - TCO,

Where:
ICC,, = is incremental customer capital costs for DSM option d in region r
ICO, = is incremental customer maintenance costs for DSM option d in
regionr
TCC, = is technology capital cost for technology j in each region r
TCO, = is technology maintenance cost for technology j in each region r

The incremental demand and energy impacts for enefigyegfcy options is captured through the use
of "delta" load shapes. Delta load shapes represent the difference in electricity consumption by time of day,
between use of the base technology and the DSM technology. In this versionL.dd#hé, load shapes for
base and DSM technologies are based on default end-use load shapes and represent unit shapes that can be
scaled according to total impact. Though several alternative load shape sources eKBRIIRELOAD
library, of load shapes forms the basis of tH2SM load shapes. The height and peak impact of each load
shape will be derived by scaling the default load shape to the total electricity consumption associated with
yearly market penetration. This database is still in development, and future versiond DiShemay use
other data for load shapes. Figurgréphically displays the development of delta load shapes for each DSM
option.
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Figure 4: Development of Delta Load Shapes.

Delta LDCs are developed feach DSM option, in a fashion similar to system load duration curves.
Thus a delta load duration curve, denoted by ILRC , is defined in megawatt equivalents for DSM option d,
load segment |, region r, and year z. For example, the value of},DC for efficient central air conditioners
for summer daytime may be 100 megawatts for region r in yeary.
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Load Management Options

Load management options are DSM options that result in load shifts from peak to non-peak hours.
There is no resulting reduction in electricity constimp, in fact, there may be some increase in consumption
in some cases. Examples of load management options include commercial cool storage options or baseboard
heating in the residential sector. The present version df ¥&M, does not contain any load management
type DSM options. However, future versions careeipped to handle such options. This section describes
the particular charactstics ofload management type DSM options and suggests a methodology for dealing
with them.

The incremental impactssociated with load management programs are based on the ki(&Watt
reductions in peak load or shiftssociated with each program. Load Management DSM programs are either
specified by the kW reductions (and increases, where applicable) in specific time period$iaurhyload
shape impact data. Load shape impact data may be appropriate where the pattern of impact is complicated by
factors such as rebound or bounce béck. The participation levels associated with load management
programs will also be specified in the input data on DSM options.

Since implementation of load management options is generally based on utility economics, not
customereconomics, incremental customer cost is not as relevant for these progtdomgever, some
customer costs would have to measured even in these cases, for example the costs of control switches and
central controllers.

Delta load shapes and delta LDCs for specific single installations of load management programs will
either be specified in data inputs or will be derived from specified kW reductions in specific periods.

Regional deltd DCs in megawatts will béased on the following equation:

LDy =LM,* DP ,* ELDC
Where:
LDy = Changes in load segm_ent I_in year y by load shape
management program p in region r (fraction)
LM, = Percentage changes in load segment | by implementation

of load management program p, in region r

DP, = Participation level associated with load management
program p (fraction)

ELDC,, = End-usdoad in megawatts, for load segment | region r end-use e year

y

The size of ELDG,, will be derived from end-use load shapesmaaiket potential derived in Section
42113

4.4.3 Payback Estimation

& As used here, "tmund" or "bounce backefers to the rapid increase in electricity demand that occurs

immediately after a load control period.
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The first step in determining customer acceptance of DSM options and technologies is to calculate
simple payback associated with DSM options without fimgncial incentives from utilities. Simple payback
is derived using the following formula:

ICC,,

PB,, =
I (sv,, * ER,) - ICO
yrd Ryr dr

Where:
PBq = payback period in years for DSM option d starting in year y in region r.
SVyu = megawatt-hours obsings for option d in region r for program starting
inyeary
ER, = electricity rates per-megawatt-hour equivalent in region r for year y

ICC,,
ICO,,

is incremental customer capital costs for DSM option d in region r
is incrementatustomer maintenance costs for DSM option d in region
r

Electricity rates for year y are input from the EFP submodule.
4.4.4 Penetration Estimation and Rebate Derivation

Development ofprojections of market penetration and customer participation in utility energy
efficiency DSM programs rpiires detailed information on market characteristics, customer response to DSM
programs, and forecasts oftue penetration of efficient DSM technologies. In addition, market penetration
is related to the level of incentives (e.g., financial rebates) offered by utilities. LDI®M simulates the
penetratiorestimation function for each forecasted future year. This portion of the screening task will (a)
develop estimates of maximum market penetration achievable for DSM technologies and the annual
participation levels expected, and (b) derive rebate levels.

To estimate the maximum penetration of the market by the DSM option, a payback acceptance curve
approach is used. This approach has been usédl ittle (1990), and has been incorporated into DSM
Screening models such as Synergic Resources CQPMPASS and EPA's EGUM®odel. As is shown
in Figure 5, thisapproach derives projections of cumulative market penetration from the calculated payback
of a DSM option, and differs by customer sector. For example, reviethisffigure indicates that a
commercial DSM option with a 4 year payback would achieve approximately 10 percent of the commercial
market. Through variations in financial incentives and rebates, market penetration can be varied.
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Figure 5: Payback Acceptance Approach

During operation, LDSM will 6llow a four step process. FirdtbSM will calculate the rebate level
for each DSM option that is necessary to achieve a two (2) year payback. If a DSM option already has less
than a two year payback, a rebate is not calculated for the option. The choice of a two year payback level was
based on general utility practice. This rebate derivation will be achieved with the following equation:

ICC,, - RB,,

(LD, * ER,) - ICO,,
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0<RB, <ICC,,

Where:

ICC,, = is incremental customer capital costs for DSM option d in region r

ICO, = isincrementatustomer maintenance costs for DSM option d in region
r

RB,, = Rebate level necessary to achieve a 2 year payback in region r for
optiond

SV = megawatt-hours obsings for option d in region r for program starting
inyeary

ER, = electricity rates per-megawatt-hour equivalent in region r for yeary

Second, the maximum market penetration of the DSM technology ("TO" technology), MP ,
associated with option d in region r that begins in every year y is simply read from the payback acceptance
curve.

Third, yearly curnlative participation for each option is calculated as a linear function from current
market penetration to maximum market penetration, expressed as a percentage of the available market.
Currentmarket penetration of efficient technologies will be derived from the stock data supplied by the
demand mdules by technology region and year. The LDSM rabsp be equipped with an option to override
the use of this paybackcceptance curve approach and provide rebate and participation levels directly, input
by the user. The participation arithmetic will be conducted with the following set of equations. Total
potential market size Ty, fora DSM optiorf’d in region r for program starting in year y is calculated by:

TMydr = (CMyldr * CMyZdr) * Mpydr B CMyZdr

where:

TMy,, = total potential market size for DSM optio’d region r year y

MP, = maximum market penetration of the DSM technology ("TO" technology),

associated with option d region r yeary

CM,yq = current market size for region r for efficient technology 2 associated with option d in
yeary

CM,4 = current market size faegion r for base technology 1 associated with option d in year
y

Annual maximum prticipation level AR, in region r for option d for year y will be calculated with
the following equations:

during the ramp-up period:

*(y—yo+1)

AP yar AU,

ydr = T™

n The definition of d will determine what category of technologies are applicable.

8 The definition of d will determine what category of technologies are applicable.
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beyond the ramp-up period:

APydr = TMydr
where:
AP, = annual maximum participation level in region r for option d for
yeary
TMy,, = total potential market size for DSM optioifd region r yeary
RU, = ramp-up period for option d
Yo = the first year of implementation of the DSM option d

In the fourth step, the total maximum possible incremental savings TS ~ associated with option d in
region r for year y would then be calculated by

TSydr - (UIyZdr_UIyldr) * AI:’ydr

where:

TSy = total maximum possible incremental savings associated with option d
in region r for year y

AP, = annual maximum participation level in region r for option d for yeary

Uly1q = usage index for base technology 1 in region r associated with option d
inyeary

Ul g = usage index for efficiertechnology 2 in region r associated with option
dinyeary

4.4.4.1 The Free-Ridership Issue and Penetration

In the calculations of program effectiveness, it is important that we include in our consideration the
"free riders" issue. Free riders att@se customers who would have adopted the program recommended
efficiency measures, even in the absence of the DSM program, but who now participate in the program, and,
hence, are entitled to the financial incentives of the program. Due to this; energy savings or the load
reductions achieved by these customers as a result of DSM programs, do not contribute to net savings,
although costs of providing the service to them is a part of program costs.

A study byMarjorie McRae et al, on free riders in thesidential sector, conducted a detailed analysis
of ten utility DSM programs. The results showed that the net impacts of these residential programs, ranged
between 25 to 33% of the utilities' expected values (i.e., 67 to 75% of the participargsfree riders).
Though the applicability of these numbers to all DSM programs may be questionable, they do indicate that
utilities tend tooverestimate the impact of their DSM programs. The reason for this is that most utilities do
not perform a detailed analysis to estimate the number of free riders in their programs; they do not assume
that efficiency improvements may be occurring naturally, and hence by offering DSM programs the utility
may be paying for efficiency improvements which may have happened even otherwise.

The current vesion of the model dealsith this problem assuming that the rebates will be paid to all
the customershat apply the efficient (TO) technology. In practice it is known that only a fraction of

o The definition of d will determine what category of technologies are applicable.
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potentialfree riders will ever apply for rebates. The design and marketing of DSM programs plays a very
important role in how many potential free riders may claim rebates. The approach followes ersion

of the model lays down the maximum limit of free ridership in @nggram. This is possible, since the restart
file gives us information on appliance stocks in the absend@S¥. Thus, the LDSMmodule uses this
information tocompute the maximum number of free riders. Inthe computation of costs of DSM programs
by the ECP module, the maximum numbefreg ridersplays an important role. As the number of free riders
increase, the progranosts go ugdramatically, and the program becomes uncompetitive. In this fashion, the
present version of th& DSM is able to factor in the role played by naturally occurring efficiency
improvements (i.e., the appliance mix in the absence of DSM).

Future vergons of theLDSM could further refine this process by analysing the percentage of free
riders for different types of programs and marketing practices, and factor these¢he ultility's cost
computations.

4.4.4.2 The Targetable Market and Cost Calculations

The demand module MEMS provide theLDSM submodule with forecasts of the expected stock
changes over the coming years. The categanigswhich the stock is divisiblare:

1) Retiring Stock: This includes stock that is expected to naturally retire over the next
year. This segment would be a part of the market for "replacement” type DSM
programs. Theasts incured in suchprograms are therefore the incremental cost of
the more efficient appliance over the baseline appliance that would have been pur-
chased in the absence of the program.

(2) New Construction or NewBtock: This includes those appliances that are meant for
the new customers that are likely to join the grid over the yesr as a result of
new construction. DSM programs targeted at this segment incur costs that are the
incrementatosts of the more efficient appliance over the cost of the appliance that
was to be bought in the absence of the program.

3) ExistingStock: This is a forecast of the stock that is continuing from the last year,
and is not expected to retire over the next year. DSM programs targeted at this
market segment ameducingearly retiement. The LDSMsubmodule does not keep
track of the remaining useful life of existing appliances that are removed from the
stock as a esult of DSM programs. Thus, in the calculation of costs in this
category, the salvage value of the existing equipment and the incremental cost of
the new equipment would have to be included in the cost computatidfigere
salvage value data is not available, the salvage value is presumed to be zero. DSM
options that apply to this part of tiséock, have not been implemented in the current
version. They may be included in the next version of the code.

4.4.4.3 Information Flows Between the. DSM and Demand Modules
Communication between theédSM and the Demaniodules follows two paths:
1) Through theRESTARTfiles created by the Residential and Commercial Modules during the pre-

LDSM NEMSruns
2) Through theCOMMON blocks defined in the designatfdCLUDE files in theLDSM code
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Table 5: Information Flow Between LDSM and Demand Modules.

SPECIFICATION OF DATA
ITEM OR INCLUDE

FILE NAME

Market shares of end-use tech- RESIDENTIAL
nologies in the entire time

available RESTART FILE
End-use technology data DSMRETDB,
DSMCMTDB
End-use demand, for each of theDSMTFRES,
EMM regions, for the current  DSMTFCOM
year
Technological shifts due to DSMTFRES,
DSM application, for each of DSMTFCOM

the EMM regions, for the
current year, expressed in terms
of number of appliances for
Residential and amount of
service demand for Commercial
sector (for the first run year - 0)

Level of DSM Utilization
determined as optimal by the
ECP module, expressed as
percentages of the maximum
possible technological shifts
resulting from each of the DSM
Options listed in the DSM
option data base, for the next
run year, for each of the EMM
regions

DSMTFRES,
DSMTFCOM

RESTART FILE

RESTART FILE,
horizon if no DSM practices are COMMERCIAL

Direction Of Transfer

DEMAND LDSM
FORECASTING
MODELS

FROM TO
FROM TO
FROM TO
FROM TO
TO FROM

Based on the tasks outlined in the main flow chart of the model (shown as Figure 1 in Appendix B)

Table 5 showing data transfers between the Demand Modules@8M submodule has been constructed.
The exchange of information between the Demand Modules has the following four objectives:

1

2)

The LDSM reads the technology stock information from RESTART files to forecast LDSM
Program impacts and costs for thetire ECP time horizon (this data is always updated according to
the foresight assumptions, in the current run, for each of the sectors of electricity demand)

The LDSM imports the end-use technology data to calculate incremental DSM option costs and the
annual energy savings resulting from technological shifts
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3)

4)

The LDSM supplies the Demand Modules with information about the optimal level of DSM
penetration, as detmined by the ECP model, so that the Demand Modules, in the next run year, can
incorporate these changes into their new appliance stock assessment. Thus the demand modules
adjust their forecast to incorporate the impact®8M.

The LDSMimports the actual number of appliances (amount of service demand) that are being
shifted from the demand modules, to allow for precise calculation of DSM costs. These costs are
then passed on to the EFP module.

4.4.5 Cost-Effectiveness Calculations

The primary screening function of thdSM DSM screening component is to select DSM options

based on overall cost-effectiveness. Benefits and costs for each potential DSM option will be calculated.
Options which have benefit/cost ratiaggter than ill pass the screen. The benefit and costs will be based

on the California Total Resource Cq31RC) test. Thidest compares the total cost (customer direct costs,
which include equipment and maintenance costs, plus wildgram costs) of an option to the utility benefits

of reduced demand and energy (system avoided capital and energy costs). This test is the primary cost-
effectiveness test required by state regulatory cmsions. The general form diis test is given below. The

test must be performed for each of the 13 EMM regions being modeled.

PV of Avoided System Gsts
PV of DSM Options Costs

TRC =

This can be further expanded in the foIIowing form:

N ) X (LDy,y)
Z < ryl yrd|
TRC,, - — 22 N(1 + )\ip
(ICC, ) + Y. _PCra.

y=1 (1 + )y

Where:

TRC, Total Resource Costs for region r and option d
MA., Marginal electricity costs in region r, year y and conforming to the |
segment of the load duration curve

LDya = Changes in the load segment | in year y, due to the DSM option d, in region
r

ICC,, = incremental customer capital costs for DSM option d in region r

YPG,y = Yearly option costs for program d, in yeary, in region r

[ = Discount rate used in the calculations

N = Lifetime of appliance in years

The present value (PV) of DSM option costs will be derived by calculating the present value of total

incremental astomer costs and program costgach future year associated with program participation. The

PV of system avoided costs will belcalated by multiplying regional system avoided costs by load duration

curve segment (L, ) times the total load shape impact of the DSM option.
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4.4.6 DSM Program Aggregation

The final task in the DSM Screening component of H#SM submodule is the development of
aggregate DSM programs. Aggréiga of economic DSMoptions is necessary because of the computational
limitations of the ECP submodule. It was decided that the maximum number of DSM programs that are to
compete within the ECP optimization scheme should not exceed 30 per rdgilomcurrent DSM database
assumes 11 DSM programs.) This will keep the size of the optiomization problem and the computational
times of the ECP module within the acceptable limits. The DSM programs are defined by customer end-use
and (in the future) load management category. This aggregation is accomplished by summing together all
costs and LDC impacts for each DSM option within each program. The tables in Appendix A cohigin a
of DSM programs and aggregation that will be modeled intB&M submodule.

4.5 DSM PRROGRAM DISAGGREGATION

The final component of the LDSM bmodule is the disaggregation of the DSM programs chosen by
the ECP submodule for utility investment. The ECP submodule may choose full or less than full
implementation of DSM programs. WithibDSM, the scale chosen by ECP is used as the basis for
determining the participation levels in percentage terms. For example, if the ECP chooses 50 megawatts of
a potential 100 megawatts aggregated DSM option, then all of the individual options within the aggregated
optionwill be scaled down by 50%. In addition, the DSM programs chosen by ECP are based on EMM
regions. The LDSMsubmodule translates these DSM program decisions to the census division level that is
used by the Demand Modules NEMS.
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APPENDIX A
DSM OPTION AGGREGATION

Appendix A contains a list of the DSMptions and programs in thddSM. Theattached tables A1,
A2, and A3 contain the DSM options and programs forrésdential and commercial sectors, that have been
implemented in this version of tHedDSM. Theoptions planned for the industrial sector are shown in Table
A4. These options are slated for implentation in future versions of thddSM, and are noincluded in this
version of the model. Table A4 also indicates in the left column, the aggregated DSM programs for the
industrial sectorthat will be input to the ECP submodule in future versions of the model, if they pass the
economic screening test. Both the residential and commercial sectors have 88 eptibns

Table Al: Residential DSM Programs in the Current Version of theLDSMY

Program Residential Program Description
Code

FREF&AC  Residential Program "From" EFs & CACs to Heat Pumps
RSCTOHP  Residential Space Conditioning "Tbleat Pumps
RAC&CAC Residential Cooling witlRACs and CACs

RESWTHT Residential Water Heating Program

REF&FRE  Residential Refrigerator and Freezer Program

RESLIGH Residential Lighting Program

RESOTHR Residential Other Appliances Program

Table A2: Commercial DSM Programs in the Current Version of the LDSM?

Program Commercial Program Description
Code

CMFRCAC Commercial Program mapping "From" CACs
COMTOHP Commercial Spadéeating Program mapping "To" Heat Pumps

v The lighting DSM progams do not have cospondingoptions in the current version. These options

will be added to our DSM option database in the near futitewever, an enhanced algorithm to
calculate those options will have to be developed, because the data available from the demand
module does notontain all the necessary information. We will have to make some assumptions
about the number of reptements anddditions to the stock each year, hourly utilization of different
technologies, etc.
2 The only data on the other appliances technology group avaifediiethe demand module is the
total consumption of electricity by census divisions and building types. Unless more precise data
becomes available, the inclusion of thiler appliance DSM options may be difficult to accomplish.
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CMLIGHT
CMOTHER

Option
Code

R101S
R102S
R103S
R104S
R105S
R106S
R107S
R201A
R203A
R205A
R206A
R207A
R208A
R210A
R212A
R213M
R215M
R217M
R218M
R220M
R222S
R223S
R224S
R225S
R226S
R227S
R301A

Program
Code

FREF&AC
FREF&AC
FREF&AC
FREF&AC
FREF&AC
FREF&AC
FREF&AC
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RSCTOHP
RAC&CAC

Region

w nu Z2 un Z2 unu Z2

Z 00w n zZzZ nzZ nzZz2 0 0nz=zun=2unumwnuwmz==muw =

CommercialLighting Program

Commercial Othehppliances Program

Table A3: Residential DSM Options in the Current Version of the LDSM

Residential Option Description

Install 13.1 HP (if CAC exists)
Install 15.1SEER HP (if CACexists)
Install HP (if CAC exists)
Install HP (if CAC exists)
Install HP (if CAC exists)
Install HP (if CAC exists)
Install HP (if CAC exists)
Improve HP to 1ISEER
Improve HP to BEER
Improve HP to 1ISEER
Improve HP &8.3SEER
Improve HP &8.3SEER
Improve HP t05.14SEER
Improve HP th.14SEER
Improve HP t05.14SEER
Improve HP t@3.3SEER
Improve HP t63.3SEER
Improve HP t63.3SEER
Improve HP t@5.1SEER
Retrofit HP td5.1SEER
Improve HP to 9.5 HSPE3.3SEER
Improve HP to 9.5 HSPRB.3SEER
Improve HP to 9.5 HSPE3.3SEER
Improve HP to 9.5 HSPRB.3SEER
Improve HP 18.93HSPF,15.1SEER
Improve HP 18.93HSPF,15.1SEER
Improve CAC td0.5SEER
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Option
Code

R303A
R304A
R306A
R307A
R308A
R309A
R310A
R313M
R315M
R316M
R317M
R318M
R319M
R321M
R322M
R323M
R333M
R339S
R340S
R341S
R342S
R343S
R344S
R401A
R402A
R404A
R405M
R406M
R407M
R408M

Program
Code

RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC

Region

w z 2 0u zZ n n u. .z nun0 un z2 nua n no no nu 2 2 un0 2 n0 2 0o oo onz2 n zZz 2

Residential Option Description

Improve CAC td.0.5SEER
Improve CAC td3.3SEER
Improve CAC td3.3SEER
Improve CAC td.3.3SEER
Improve CAC td3.3SEER
Improve CAC td5.1SEER
Improve CAC td5.1SEER
Improve CAC t010.5SEER
Improve CAC tdl0.5SEER
Improve CAC t010.5SEER
Improve CAC tdl0.5SEER
Improve CAC t013.1SEER
Improve CAC t013.1SEER
Improve CAC tdl3.3SEER
Improve CAC tdl3.3SEER
Improve CAC tdl5.1SEER
Improve CAC tdl5.1SEER
Improve CAC tdl3.3SEER
Improve CAC t013.3SEER
Improve CAC tdl3.3SEER
Improve CAC tdl4.87SEER
Improve CAC t014.87SEER
Improve CAC tdl4.87SEER
Improve RAC td.0.83SEER
Improve RAC td.0.83SEER
Improve RAC t®.42SEER
Improve RACbeyond 10.83
Improve RAC t010.8SEER
Improve RAC t09.42SEER
Improve RAC t®.42SEER

06C1268B
Page 46



Option
Code

R409S
R410S
R411S
R412S
R413S
R414S
R702S
R703S
R802S
R803S
R702S
R703S
R801S
R802S
R803S
R702S
R703S
R802S
R803S
R702S
R703S
R802S
R803S
R702S
R703S
R802S
R803S
R702S
R703S
R802S

Program
Code

RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
RAC&CAC
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE
REF&FRE

Region

> > >>»>» >» » > >>>>>>>>>>>>>>>>0Z00nZ

Residential Option Description

Improve RAC t010.42 EER
Improve RAC tdl0.42 EER
Improve RAC t8.42 EER
Improve RAC t®.42 EER
Improve RAC t09.88 EER
Improve RAC t®.88 EER
Efficient Refrigerator (>1995)
Efficient Refrigerator (>2000)
Efficient Freezer (>1995)
Efficient Freezer (>2000)
Efficient Regrigerator (>1995)
Efficient Regrigerator (>2000)
1990 StandardBreezer
Efficient Freezer (>1995)
Efficient Freezer (>2000)
Efficient Regrigerator (>1995)
Efficient Regrigerator (>2000)
Efficient Freezer (>1995)
Efficient Freezer (>2000)
Efficient Regrigerator (>1995)
Efficient Regrigerator (>2000)
Efficient Freezer (>1995)
Efficient Freezer (>2000)
Efficient Regrigerator (>1995)
Efficient Regrigerator (>2000)
Efficient Freezer (>1995)
Efficient Freezer (>2000)
Efficient Regrigerator (>1995)
Efficient Regrigerator (>2000)
Efficient Freezer (>1995)
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Option Program Region* Residential Option Description
Code Code
R803S REF&FRE A Efficient Freezer (>2000)
Table A3: Commercial DSM Options in the Current version of the LDSM?
Option Program Commercial Options Description
Cod¢ Code
CA102 CMLIGHT EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
CA102N CMLIGHT EFFICIENT LIGHTING (T8 W/ELEC BALL.)
CA201 CMFRCAC HIGH EFFICIENCY CHILLER
CA201N CMFRCAC HIGH EFFICIENCY CHILLER
CA202 CMFRCAC HIGH EFFICIENCY CAC
CA202N CMFRCAC HIGH EFFICIENCY CAC
CA301 COMTOHP  HI EFF AIR TO AIR HEAT PUMP
CA301N COMTOHP  HI EFF AIR TO AIR HEAT PUMP
CB102 CMLIGHT EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
CB102N CMLIGHT EFFICIENTLIGHTING (T8 W/ ELEC BALL.)
CB201 CMFRCAC HIGH EFFICIENCY CHILLER
CB201N CMFRCAC HIGH EFFICIENCY CHILLER
CB202 CMFRCAC HIGH EFFICIENCY CAC
CB202N CMFRCAC HIGH EFFICIENCY CAC
CB301 COMTOHP  HI EFF AIR TO AIR HEAT PUMP
CB301N COMTOHP  HI EFF AIR TO AIR HEAT PUMP
CC102 CMLIGHT EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
CC102N CMLIGHT EFFICIENTLIGHTING (T8 W/ ELEC BALL.)
CC201 CMFRCAC HIGH EFFICIENCY CHILLER
CC201N CMFRCAC HIGH EFFICIENCY CHILLER
CC202 CMFRCAC HIGH EFFICIENCY CAC
CC202N CMFRCAC HIGH EFFICIENCY CAC
CC301 COMTOHP  HI EFF AIR TO AIR HEAT PUMP
CC301N COMTOHP  HI EFF AIR TO AIR HEAT PUMP

% All commercial sector DSM options are available in all EMM regions.
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Option
Cod¢

CD102
CD102N
CD201
CD201N
CD202
CD202N
CD301
CD301N
CE102
CE102N
CE201
CE201N
CE202
CE202N
CE301
CE301N
CF102
CF102N
CF201
CF201N
CF202
CF202N
CF301
CF301IN
CG102
CG102N
CG201
CG201N
CG202
CG202N

Program
Code

CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC

COMTOHP
COMTOHP
CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC
COMTOHP
COMTOHP

CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC

COMTOHP
COMTOHP

CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC

Commercial Options Description

EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 WELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC
HI EFF AIR TO AIR HEAT PUMP
HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 WELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC
HI EFF AIR TO AIR HEAT PUMP
HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENTLIGHTING (T8 W/ ELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC
HI EFF AIR TO AIR HEAT PUMP
HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 WELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC
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Option
Cod¢

CG301
CG301IN
CH102
CH102N
CH201
CH201N
CH202
CH202N
CH301
CH301N
Cl102
CI102N
Cl201
CI201N
Cl202
CI202N
Ci301
CI301N
CJ102
CJ102N
CJ201
CJ201IN
CJ202
CJ202N
CJ301
CJ301IN
CK102
CK102N
CK201
CK201N

Program
Code

COMTOHP
COMTOHP
CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC
COMTOHP
COMTOHP
CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC
COMTOHP
COMTOHP
CMLIGHT
CMLIGHT
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC
COMTOHP
COMTOHP
CMFRCAC
CMFRCAC
CMFRCAC
CMFRCAC

Commercial Options Description

HI EFF AIR TO AIR HEAT PUMP

HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 WELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC

HI EFF AIR TO AIR HEAT PUMP

HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENTLIGHTING (T8 W/ ELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC

HI EFF AIR TO AIR HEAT PUMP

HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER

HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC

HI EFF AIR TO AIR HEAT PUMP

HI EFF AIR TO AIR HEAT PUMP
EFFICIENT LIGHTING (T8 W/ ELEC BALL.)
EFFICIENT LIGHTING (T8 WELEC BALL.)
HIGH EFFICIENCY CHILLER
HIGH EFFICIENCY CHILLER
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Motor Drives

Option
Cod¢

CK202
CK202N
CK301
CK301N

Program
Code

CMFRCAC
CMFRCAC
COMTOHP
COMTOHP

Commercial Options Description

HIGH EFFICIENCY CAC
HIGH EFFICIENCY CAC
HI EFF AIR TO AIR HEAT PUMP
HI EFF AIR TO AIR HEAT PUMP

Table A4: Industrial DSM Options Planned for Future Versions of the LDSM

Aggregated DSM
Programs

HVAC Related Programs e

Lighting

Load Management .

Detailed DSM Options

Installation of high efficiency standard motors

Installation of motors with adjustable speed drives

Proper sizing of motors in industrial establishments
Informational program for proper sizing and maintenance of
motors

Informational and technical assistance program for existing
HVAC systems

Installation of energy efficient HYAC measures in new and
existing buildings

Installation of energy efficient electric fans

Installation of energy efficient air conditioner units
Installation of heat recovery systems

Installation of water source heptimp systems

Comprehensive lighting program for new industrial construc-
tion

Comprehensive lighting improvement programs for existing
industrial buildings

Installation of load control devices on HVAC and process
control equipment

Installation of energy management systems in industrial estab-
lishments

Promotion of interruptible service to industrial customers
Installation of radio activated direct line control devices
Promotion of time-of-use rates among industrial customers
Installation of thermal cool storage systems
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APPENDIX B

Appendix B contains the model abstract and a detailed discussion of the algorithms within the
LDSM. Theappendix is divided into different sections.

1.0 Model Abstract
1.1 Model Background and Functions to be Performed

The LDSM code was developed according to the standards of the VS Fortran compiler. Most of the
data that the.DSM uses, comes from other modules of tlEMS. Thein-house data developed for the
LDSM submodule consists of the LSR database, and the DSM options database. The LSR database used in
this version of the model is based BRPRI's RELOADdatabase, while the options database was developed
using ICF Resawes Inc. DSM experience, and a survenofual options offered by utilities in different parts
of the U.S. The sources surveyed included data from the Bonneville Power Administiadiorence
Berkeley Laboratories, ICF's analysis for the EPA, BEBUMS model documentation, and Integrated
Resource Planning (IRP) reports from statentdssions. More information about the input data is presented
in Appendix D.

As shown in Figure B-1, the LDSM model ngéiges some preprocessing of the input data, that mainly
translatessequentially organized data into direct access file organizatinect access files allow for
relatively fastaccess to the extsive datasets, thus avoiding putting all the data into the computer's memory.

As mentionedreviously, thd.DSM submodule is designed as a libktween the demand modules
of the National Energy Modellin§ystem (NEMS) and the Electric Capadrianning(ECP), Electricity and
Fuel Dispatch, and Electricity Financial and Pricindgpsiodules of the Electricity Marketing ModwEMM).
(The EMM itself is a part of the NEMS). In order peerformthis function, thdeDSM must interact with each
of these modules and submodules (the major interactions with the restiEMS system, as well as data
flow are presented in Figure B-1).
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1.2 An Overview of Tasks of theLDSM Submodule
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The major tasks and the general flow of data within tilsSM model are presented in Figure B-2.
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figure b-2
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The entire set of computations within thBSM code can be divided into two major segments that are run
at different stages of tidEMSrun:

) LDSM-1 -- This is run after the Demand modules' run and before the ECP module's run
° LDSM-2 -- This is run after the ECP module's run

The LDSM-1 performs five majaiasks:

1) Develops the Load Duration Curves for the ECP model
2) Develops the Load Duration Curves for the EFD model
3) Develops a set of DSMrograms that are to compete with generation options within the ECP model

4) Supplies the EFP model with the estimates of the sectoral peak loads and electricity sales
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5)

Supplies the EFP model with the estimates of the current year expenditures on DSM programs

The flow of computations in the LDSM-1 can bévided into a number of following steps:

1)
2)
3)
4)
5)

6)

7)

8)

9)
10)

11)

Development of regional system chronological load curves for the current year (Subroutines
DSMFOR, DSMARE, DSMACM, DSMAIN, DSMATR, DSMDLT, DSMHLM)

Calculation of current year sectoral load peaks required by the EFP model (SubDahtteFP)
Calculation of current year costs of DSM programs (Subroud8MEFP2)

Development of Load Duration Curves for the EFD module (in the fututhiatstep the system
curves will first be adjusted for renewable technology generation) (SubroDSMEFD)

Development of.oad Duration Curves for the ECP model, for the first year of its time horizon
(SubroutineDSMLCP)

Prescreening of the DSM Options listed in the database using the most recent assessment of the
electric supply avoided costs, utilizing the Total Resource Cost test (Subrolm®&IRCR,
DSMTRCC)

Calculation of rebatesgessary to achieve the predefined pay-back period (Subro®e&d RCR,
DSMTRCC)

Aggregation of the options that passed the TRCitesta number of DSM programs, and calculation

of the costs and the annual changes in the end-use demand caused by the programs, for the entire
ECP time horizon (Subroutine DSMPCIM)

Calculation ofchronological system load curves for the future years of the ECP time horizon
(Subroutine DSMECP1)

Calculation of the ECR.DCs for the future yearsvithin the ECP time horizon (Subroutine
DSMLCP)

Calculation of Load Ipact Curves (delta load curves) for DSM programs for all future years within
the ECP time horizon (Subroutii@SMPRGL)

The LDSM-2 part performs one majtask -- disaggregates to option level, the DSM programs

chosen for the nextgar's implementation in traurrent optimal ECP solution (SubroutiBSMECP?2). The
LDSM-2 supplies the Demand Modules with the percentages of the maximum possible technological shifts
resulting from each of the DSM options.
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FIGURE B-3
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SCHEMATIC DIAGRAM OF LDSM C OMPUTATIONAL FLOW
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FIGURE B-3
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FIGURE B-3
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FIGURE B-4
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LDSM M AIN SUBROUTINE FLOWCHART
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FIGURE B-4
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LDSM M AIN SUBROUTINE FLOWCHART

LDSM Main Subroutine Flowchart (continued)
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figure b-5
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figure b-6
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A schematic flow chart of computations in th®SM code, ispresented in Figure B-3. A more
computer codeoriented, precise presentation of the flow of computations in the hBi&M routine
ELLDSM is presented in Figure B-4. Figures B-5 through B-10 present the general structure of the
subrautine calls within the model. Table B1 contains a list of all tH®BSM subroutines with a brief
description of their functions.
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figure b-7
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figure b-8
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figure b-6
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figure b-10
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The next section of appendix B describes the major steps ihE#&M's computations. In the
description we begin from the fmulae that yield the final program outputs and then elaborate how the more
particular data items required for these computations, are derived in the code.
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Subroutine Name

ELLDSM
DSMSTR

DSMRESD
DSMCADJ
DSMEFP2
DSMFOR
DSMHLM
DSMEFP
DSMEFD
DSMQSR
DSMTOR
DSMECP1
DSMECP?2
DSMSKP
DSMQSI
DSMARE

DSMACM

DSMATR

DSMDLT
DSMNVAL
DSMNWS
DSMPRGD
DSMPCIM

DSMPRGL

DSMTRCR
DSMTRCC

Table B1: List of Subroutines in the LDSM Source Code

Brief Description
Main routine of the code

Readiput data and performs all one-time pro-
cessing

Supplies residential sector technology data
Calculates commercildad adjustment factors
Calculates DSMosts for EFP
Calculateannual end-use load forecasts
Develops system chronological load curves
Calculatesectoral load peaks for EFP
Develops EFD LDCs

SortsREAL matrices
Preparesectoral data foNEMS report writer
Develops LDCs and DSM programs for ECP
Calculates DSM impacts for the Demand models

Skips comment lines on input

SortsINTEGERmatrices

Imports end-use demand data from the Residential
Model

Imports end-use demand data from Commercial
Model

Imports end-use demand data from Industrial
Model

Calculates the "delta approach" end-use demands
MapsCENSUSdivision data to EMM region data
Adds up end-use hourly load

Initially defines the DSM programs

Calculategosts and load impacts of DSM pro-
grams

Develops chronological load impact curves of
DSM programs

Performs TR@@ests on residential DSM options

Performs TR@ests on commercial DSM options
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Subroutine Name

DSMLCP

DSMREBR
DSMREBC

DSMCVAL

Brief Description

Develops EFP format LDCs froamronological
curves

Calculates rebates fi@sidential DSM options

Calculates rebates for commercial D8Mions

Maps EMM region data t€ENSUSdivision data
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2.0 Details of the LDSM's Algorithms

This part of appendix B consists of sections 2.1 through 2.5, each describing a specific algorithm of
the LDSM submodule. While describing the equations, an attempt has been made to keep variable names
similar to the names used in thew@al code.(The indices puinto parentheses represent actual indices of the
variables in the code, while the indices presented as subscripts do not exist as explicit indices of the code
variables, rather, they are implied by the Do-loops used in the code). Section 2.1 describes the methodology
used for developing load duration curves for the EFP and EFD modules BIENS. Sub-section 2.1.3
describes the methodology used in the development of chronological hourly load curves for the EMM
regions. Section 2.2 deals with the development of coincident and non-coincident peak loads for different
sectors. These peaks are then supplied to thenbdRile for the calculation of prices for electricity. Section
2.3 has sub-sections 2.3.1 through 2.3.4. This section describes how the DSM programs are created and
characterized such that they can competéagauply-side options within the ECP modéfter competing,
the chosen DSMprograms must then be implemented. Section 2.4 describes how the selected DSM
programs, impact the market penetration of technologies, and change the technological mix. The final
section, 2.5, describes how DSM costs for the current year run of the model are computed. These costs are
needed by the EFP module SEMS.

Formula presentation conventions

In the presentation of the formulae, we decided to use the variables from the source code.
Because it was unpractical to quote long lists of all variable indices (asstbused in the code)
we chose to present only those indices thiate relevant for the formula. Quite often,itoprove
clarity of the formula presentation, we decided to add some non-existent in the code indices. The
indices that existed in the source code were diggdl in the parentheses following the variables. The
indices added to the variables for better clarity of presentatiemredisplayed as subscripts.

2.1 Development of Load Duration Curves for the ECP and EFD Modules

Load Duration Curves (LDCs), atsed by both the ECP and the EFD Modules. TB€sused by
both the modules are represented in an approxinfatedof a discrete number of blocks. The height of each
block gives theforecasted load, and the width represents the number of hours with that specified load.
Summing the widths of all blocks in the LDgives the total number of hours in the period it applies to. Due
to the differing needs of the ECP and EFD modules, the LDCs for the ECP are creaedual basis, while
the EFD requires seasonal curves. The sections below describe the specific steps used to ddve@p. the

2.1.1 Load Duration Curves for the ECP Module

Demand for electricity is input to the ECP module by means of approximdd&t, specified for
each of the 13 EMMegions. Both the number of blocks, and the assignment of hours to blocks is specified
as input data to the program.

The assignment of hours to blocks is completed in two steps. In the first step, the 8760 hours that
make up a year are assigned to a numb&sefments" defined by month, day-type, and time of day and then
sorted in descending ordergach of the segmés. In thesecond step, each segment is divid®d a number
of "blocks". Eachblock includes a specified percentage of the hours assigned to a segment. Two types of
blocks are allowed: "regular” blocks, aruEak” blocks. The height of a regular block is equal to the average
load of hours assigned to that block, while the height of a peak block is equal to the highest hourly load for
hours assigned to that block.
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The width ofeach block is equal to the number of hours in the block. The area of a regular block
represents the energy demand duringiiiersassigned to it. The area of a peak blatightly overestimates
the actual load during the hours assigned to the bloklowever, for narrow peak blocks, the error in
approximation is not vergignificant. The advantage of this approach is a precise representation of the peak
load.

Currently the LDCs used by ECP aepresented by 11 blocks that are defined as shown in the table
below. In the current LDC definitions all blocks pertain to all days iweek so the day-types are not
specified in the table.

Table 1. Example Definition of the LDC for the ECP model

LDC MONTHS HOURS %% OF ATIME PEAK/NON-PEAK
BLOCK SEGMENT TYPE
1 JUNE JULY AUG SEPT 8-18 5 P
2 JUNE JULY AUG SEPT 8-18 95 N
3 JUNE JULY AUG SEPT 6-719-24 100 N
4 JUNE JULY AUG SEPT 1-5 100 N
5 DEC JAN FEB MARCH 9-16 100 N
6 DEC JAN FEB MARCH 6-817-24 5 P
7 DEC JAN FEB MARCH 6-817-24 95 N
8 DEC JAN FEB MARCH 1-5 100 N
9 APR MAY OCT NOV 8-17 100 N
10 APR MAY OCT NOV 6-7 18-24 100 N
11 APR MAY OCT NOV 1-5 100 N

This function is accomplished in subroutiDSMLCP of the code.

2.1.2 Load Duration Curves for the EFD module

LDCs for use by the EFD module acecated following the same procedure as described for the ECP
curves. This time however, a number of LDCs are created, one for each of a nunskasofis in a year. In
the following table aurrent definition of thd.DCs is presented, where in each of the s®asons an LDC is
defined with 18 load blocks. All blocks apply to all days iwaek, so the day-types are not specified in the
table.

06C1268B
Page 90



Table 2. Example Definition of the LDC for the EFD model
SEASON LDC MONTHS HOURS %% OF ATIME PEAK/NON-PEAK

BLOCK SEGMENT TYPE
1 1 JAN FEB 9-16 1 P
1 2 JAN FEB 9-16 3 N
1 3 JAN FEB 9-16 9 N
1 4 JAN FEB 9-16 29 N
1 5 JAN FEB 9-16 29 N
1 6 JAN FEB 9-16 29 N
1 7 JAN FEB 6-8 17-24 1 P
1 8 JAN FEB 6-8 17-24 3 N
1 9 JAN FEB 6-8 17-24 9 N
1 10 JAN FEB 6-8 17-24 29 N
1 11 JAN FEB 6-8 17-24 29 N
1 12 JAN FEB 6-8 17-24 29 N
1 13 JAN FEB 1-5 1 P
1 14 JAN FEB 1-5 3 N
1 15 JAN FEB 1-5 9 N
1 16 JAN FEB 1-5 29 N
1 17 JAN FEB 1-5 29 N
1 18 JAN FEB 1-5 29 N
2 1 DEC MARCH 9-16 1 P
2 2 DEC MARCH 9-16 3 N
2 3 DEC MARCH 9-16 9 N
2 4 DEC MARCH 9-16 29 N
2 5 DEC MARCH 9-16 29 N
2 6 DEC MARCH 9-16 29 N
2 7 DEC MARCH 6-8 17-24 1 P
2 8 DEC MARCH 6-8 17-24 3 N
2 9 DEC MARCH 6-8 17-24 9 N
2 10 DEC MARCH 6-8 17-24 29 N
2 11 DEC MARCH 6-8 17-24 29 N
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SEASON LDC MONTHS HOURS %% OF ATIME PEAK/NON-PEAK

BLOCK SEGMENT TYPE
2 12 DEC MARCH 6-8 17-24 29 N
2 13 DEC MARCH 1-5 1 P
2 14 DEC MARCH 1-5 3 N
2 15 DEC MARCH 1-5 9 N
2 16 DEC MARCH 1-5 29 N
2 17 DEC MARCH 1-5 29 N
2 18 DEC MARCH 1-5 29 N
3 1 APR MAY 8-17 1 P
3 2 APR MAY 8-17 3 N
3 3 APR MAY 8-17 9 N
3 4 APR MAY 8-17 29 N
3 5 APR MAY 8-17 29 N
3 6 APR MAY 8-17 29 N
3 7 APR MAY  6-7 18-24 1 P
3 8 APR MAY  6-7 18-24 3 N
3 9 APR MAY  6-7 18-24 9 N
3 10 APR MAY  6-7 18-24 29 N
3 11 APR MAY  6-7 18-24 29 N
3 12 APR MAY  6-7 18-24 29 N
3 13 APR MAY 1-5 1 P
3 14 APR MAY 1-5 3 N
3 15 APR MAY 1-5 9 N
3 16 APR MAY 1-5 29 N
3 17 APR MAY 1-5 29 N
3 18 APR MAY 1-5 29 N
4 1 JUNE SEPT 8-18 1 P
4 2 JUNE SEPT 8-18 3 N
4 3 JUNE SEPT 8-18 9 N
4 4 JUNE SEPT 8-18 29 N
4 5 JUNE SEPT 8-18 29 N
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SEASON LDC MONTHS HOURS %% OF ATIME PEAK/NON-PEAK

BLOCK SEGMENT TYPE
4 6 JUNE SEPT 8-18 29 N
4 7 JUNE SEPT 6-719-24 1 P
4 8 JUNE SEPT 6-719-24 3 N
4 9 JUNE SEPT 6-719-24 9 N
4 10 JUNE SEPT 6-719-24 29 N
4 11 JUNE SEPT 6-719-24 29 N
4 12 JUNE SEPT 6-719-24 29 N
4 13 JUNE SEPT 1-5 1 P
4 14 JUNE SEPT 1-5 3 N
4 15 JUNE SEPT 1-5 9 N
4 16 JUNE SEPT 1-5 29 N
4 17 JUNE SEPT 1-5 29 N
4 18 JUNE SEPT 1-5 29 N
5 1 JULY AUG 8-18 1 P
5 2 JULY AUG 8-18 3 N
5 3 JULY AUG 8-18 9 N
5 4 JULY AUG 8-18 29 N
5 5 JULY AUG 8-18 29 N
5 6 JULY AUG 8-18 29 N
5 7 JULY AUG 6-7 19-24 1 P
5 8 JULY AUG 6-7 19-24 3 N
5 9 JULY AUG 6-7 19-24 9 N
5 10 JULY AUG 6-7 19-24 29 N
5 11 JULY AUG 6-7 19-24 29 N
5 12 JULY AUG 6-7 19-24 29 N
5 13 JULY AUG 1-5 1 P
5 14 JULY AUG 1-5 3 N
5 15 JULY AUG 1-5 9 N
5 16 JULY AUG 1-5 29 N
5 17 JULY AUG 1-5 29 N
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SEASON LDC MONTHS HOURS %% OF ATIME PEAK/NON-PEAK

BLOCK SEGMENT TYPE
5 18 JULY AUG 1-5 29 N
6 1 OCT NOV 8-17 1 P
6 2 OCT NOV 8-17 3 N
6 3 OCT NOV 8-17 9 N
6 4 OCT NOV 8-17 29 N
6 5 OCT NOV 8-17 29 N
6 6 OCT NOV 8-17 29 N
6 7 OCT NOV  6-7 18-24 1 P
6 8 OCT NOV  6-7 18-24 3 N
6 9 OCT NOV  6-7 18-24 9 N
6 10 OCT NOV  6-7 18-24 29 N
6 11 OCT NOV  6-7 18-24 29 N
6 12 OCT NOV  6-7 18-24 29 N
6 13 OCT NOV 1-5 1 P
6 14 OCT NOV 1-5 3 N
6 15 OCT NOV 1-5 9 N
6 16 OCT NOV 1-5 29 N
6 17 OCT NOV 1-5 29 N
6 18 OCT NOV 1-5 29 N

LDCs are generated based on chronological hourly load curves forecasted for each of the EMM
regions. A procedure for developing those curves is presented in the next chapter.

2.1.3 Development of Chronological Hourly Load Curves for Regional Systems

The methodology used for the development of chronological hourly load curves makes two basic
assumptions. The firstis that future hourly loaghe@s may be appropriately forecast by modifying historical
load curves, to accommodateojected changes in the mix of end-use consumption. The second assumption
is that it is possible tdefine a set of end-uses such that the distribution of annual electric load for each end-
use remains relatively unchanged during the entire planning horizon.

All the load data used for the development of the forecasted system load curves is supplied to the
LDSM module in a standardized format called Load Shape Representations (LSRs).
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Historical LSRs for regional systems have been developsthg 8760 hours of historical
observations of load. To avoid averaging load data from several years, one representative year based on
"typical" weather and economical conditions was chosen for the developmEeSRH.

To improve the performance of the LDSM model durMBMS runs, LSRs representirigad data are
initially processed by th& DSM preprocessor (LSRDBMGR), Figure B-1. This extracts necessary
information from the LSRs and stores it ifbaary format on the direct access file -- Direct Access File Load
Shape Representation Data Base (DAF-LSR-DB). Eecbrd contains information extracted from drfeR.

The first record stores information about the number of records in the database and information extracted
from a calendar file, which is common for all the load shapes (a calendar file defines how to represent load
data as day-type specific LSRs.)

The approach used in the LDSM allows foegter flibility in the representation of load data. Days
with similar load charactestics are aggregatédto groups called day-types. All the days assigned to a given
day-type are represented by the same daily load profile. This approach has two advantages over creating a
separate load profile for each day in the year. First, a smaller number of daily load profiles lowers
computatbnal times. Second, the daily profiles developed from load observations from several days, allow
us to eliminate some random variations in an hourly load. The way of grouping days into day-types is input
to the preprocessor on a standardiHel-M calendar file. Currently, following the organization of the hourly
load data on the RELOAMata-base, the LSRsput to theLDSM aredefined with 36 day-types -- week-
days, week-ends and peak-days for each of the 12 months.

Each of the records on the DAF-LSR-CiBores values representing fractions of total annual energy
demand assigned to each hour of each day-type. These percentages are directly used during LDSM
computations without any additional processing.

In the LDSM,forecasting of chronological load curves for regions in the model is accomplished in
the following steps. First, the curreiNEMS year"demand for electricity, by each of the end-uses, is
obtained from theeimand forecsting modiles ofNEMS. If load curves are developed for the years after the
current"'NEMS year", thedata are scaled up or down according to the “foresight” of demand in each of the
sectors. Because the demand moduledBMS workwith census divisions, this demand has to be mapped
to EMM regions. The following formula is used in the computations.

NnCENSUSreg
load = Z {demand(CURIYR,k) * XQELxx(k,K1) / XQELxx(k,CURIYR) * MapCtoN(RNB,k,s
k=1
where:
K1l= year for which a chronological load curve is being developed
CURIYR = current’'NEMS year"
NCENSUSreg = number of censdisisions
RNB = index of a current EMM region
k= index of a census division £.nCENSUSreg
sector = index of a demand sector
load = annual electric load for a current end-use in a current EMM region in year K1
demand(CURIYR,k) = demand forecast imported from a demand module
XQELxx(k,K1) = "foresighted” demand for an entire sectbgt the end-use belongs to

MapCtoN(RNB,k,sector) = fraction of censdwision k value that contributes to EMM region RNB value
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In the next step we calculate the differences between the current year and the base year demand for
each of theend-uses. If the base year demand is input as zero values, the first year data is used as the base
year data.

Next, the chronological hourly load curves are developed, according to the following formula.

NumSec  NEUSES(I)
SYLOAD(H) = DistLog(H) * SystemLoad )  ~ { ) [DistLoj(H) * load ] }

=1 j=1
where:
H= hours in a year
I=1..NumSec = index of sector
j=1..NEUSES(l) = index of end-use within a sector
NEUSES(I) = number of end-uses in a sector
SYLOAD(H) = system load in hour H
DistLog(H) = historical hourly load shape for the system
DistLo;(H) = hourly load shape
SystemLoad = base year total system load
load?; = diferencebetween end-use's annual energy consumption in the current year and

the base year (positive or negative value)

The following subroutines handle the processingrilesd in this subsection in tHeDSM code: DSMHLM,
DSMFOR, DSMARE, DSMACM, DSMAIN, DSMATR, DSMDLT, and DSMNWS.

2.2 Computations of Coincident and Non-Coincident Peak Loads for Different Sectors as Needed
by the EFP Model

To find the peak loads for different sectors, chronological load curves for the sectors are necessary.
Given that information about historical load shapes for the sectors is not available, these curves have to be
developed by simple addition of hourly loads for all the end-uses belonging to each of the sectors. This is
done using the following formula.

NEUSES(SECTOR)
SectorLoad(SECTOR,H} i: {DistLo,(H) * load1}

j=1

where:

H= hours in a year

SECTOR = sector index

j=1..NEUSES(SECTOR) = index of an end-use within a sector
NEUSES(SECTOR) = number of end-uses in a sector
DistLo,(H) = hourly load shape

loadl = end-use's annual energy consumption

SectorLoad(SECTOR,H) = hourly load for a sector

When the curves are ready, the non-coincident peaks are read as the maximum values on the curve
and the coiniclent peaks as the load values at the hour of system peak. The above processing takes place in
DSMNWS and DSMEFRubroutines.
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2.3 Generation of a Choice of Competitive DSM Programs

The second major function of theDSM model is the generation of DSM programs that can
successfully compete with supply-side options during the creation of an optimal plan for the electric power
system.

Given the complicated nature of the technical and economic mechanisms that govern the cost-
effectiveness of the electric power systemreasonable choice of competitive DSM options can be noadie
by optimizing the entire system over a long time horiz¢towever, the computational capabilities of the
capacity planningnodel are constrained both by the available computer memory and limits on computation
time. Itis impossible to represent all the available D3Mans as separate optimization variables given these
constraints. Instead, the model uses a limited number of aggregated DSM programs each consisting of a
number of DSM options of a similarature, that, based on some prior simplified tests, have a good chance of
being competitive. The proceduremieparation of the DSM programs within thBSM model is presented
below.

2.3.1 Definition of the DSM programs

In the currentversion of the model there are two groups of DSM programs; one applies to the
residential setor and the other to the commercial sector. These two groups of programs are prepared in a
slightly different way, given the differences in data structure of end-use technologies in each of the sectors.

The LDSM prepares sets of DSM programs, for each of the Eididons and each of the years in the
ECP planning horizon. This function is handled by the following two subroutines in the B&8PROG,
and DSMPCIM. Each of the programs is represented by:

1) Total program cost, equal to the sumpobgram costs incurred during all years of the ECP planning
horizon, discounted to the beginning of the planning horizon.

2) A matrix of load impact values, specified for each of the load blocks and each of the years in the
planning horizon, assuming that the program is implemented at the maximum range

DSM programs consist of DSM options, which are defined in the DSM option database input to the
model. One of the entries in the database defines in which DSM program a given option may be included.
The choice obptions that will finally be incorporated into the programs in different regions arfielrdiit
years of the time horizon depends on a number of tests performed by the model.

DSM programs are digfed in the code for every region and year of the time horizon. The testing of
options for each of the programs is completed in the following order:

1) The program checks if an optionasailable in the next year to the one in which the demand module
is currently orating. (The assumption being usegte is that the capacity planning model can at the
earliest affect appliance stock in the year following the one in which the DSM program is begun).

2) The program checks if an option is available for the current region.

3) The program checks if the RESTART file contains information about all the technologies affected by
an option (for commercial sectthis applies only t&-ROM technologies).

4) The program performs a Total Resource GoRC) test.
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5) The program performs a Payback Period test.
2.3.2 The Total Resource Cost Test

The Total Resource Co6TRC)test determines if a following condition is met:
OptionBenefits/OptionCost PROFTH

while: OptionBenefits >=0

OptionCost >0

where:

OptionBenefits = total option benefits discounted to theginning of implementation of the option;
per single appliance for residential sector, and per unit of service demand for
commercial sector

OptionCost = total option costs discounted to the beginning of implementation of the option;
per single appliance for residential sector, and per unit of service demand for
residential sector

PROFTH = profitability threshold, an input to the program

Option benefits are calculated as described below. Given considerable amount of time required for
computations of load impact curves for options, a simplifying assumption was made, and the load impact
curve of an option, did not change with time.

EgL ECPnumBlI
OptionBenefits= Y { Y {EnSavings(M) x EPAVOID(M,y)xpvfa} + EnSavings(1)
y=1 M=1

EPRMRGN(y) * pvfa}

where:

EqL = the shortest technical life of all the types of appliances affected by an option

ECPnumBI = number of blocks IBCP's LDC

y=1..EqL = index of a year in the technical life of an appliance

M=1..ECPnumBI = index of a block in the ECP LDC

OptionBenefits = total option benefits

EnSavings(H) = energy savings per single appliance/unit of service demand expressed as the
heights of blocks in the Load Impact Curve

EPAVOID(H,y) = avoided costs of electricity discounted to the beginning of the planning horizon

(for the years bgond the ECP planningorizon, the last year value, appropriately
discounted, is used)

EPRMRGN(y) = avoidedosts of the reserve margin discounted to the beginning of the planning
horizon (for the years beyond the ECP planning horizon, the last year value,
appropriately discounted, is used)

pvfa= present value adjustment factor that recalculates the avoided costs so they are present valued to the

beginning of implementation of the DSM option, rather than to the beginning of the ECP planning
horizon
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Avoided wsts of electricity depend on time-of-day amahe-in-a-year. Because of this, the load
impact of an option has to be explicitypecified for each of the blocks in théC. This is done by means of
a Load Impact Curve (LIC). Inthe LIC thdocks are defined exactly the same way as in the current system
LDC. The blocks in an LIC are not sorted by desding order of load (so an LIC is a slightly different notion
than anLDC.)

LICs are based on chronological curves of the load impacts of options. These curves are calculated
as follows:

For the Residential Sector:

ntechy tdng ntechy tdny
OIMPACT(H) = ) {DistLo,(H) * Y UEGC, .} - Y {DistLo,(H) * Y UEC,}
K=1 L=1 K=1 L=1

For the Commercial Sector:

ntech ntech

OIMPACT(H) = Y. {DistLo,(H) * uecg} - Y_ {DistLo,(H) * uecg}
K=1 K=1

where:

ff= index depicting technologies being repladeEROM" technologies)

tt= index depicting replacing technologies ("TO" technologies)

K=1..ntech = index of a consecutive DSition database technology affected by the option
L=1..tdn= index of a @mandmodule technology corresponding to a DSM option data base

technology(applies to residential sector onlyhere technologies are defined
differently in the demand forecasting module than in the DSM option database)
H= hour in a year

UEC, = unitary energy consumptions for residential sector technologies
uecg = unitary energy consumptions for commercial sector technologies

DistLo, (H) = hourly load shape

OIMPACT(H) = chronological load impact curve for an option

Option costs consist of two major elements: option incremental costs, and DSM program
administrative and agational costs. Thesm®sts are calculated per unitefiergy saved. For the commercial
sector, incremental operational and maintenance costs are also included in the data base.

For the Residential Sector:

EqL
OptionCost = IncrOptionCost+ {AnnualEnSavingsx DSMROptionCost(opti)}
P sk

y=1
where:
EqL = the shortest technical life of all the types of appliances affected by an option
y=1..EqL = index of a year in the technical life of an appliance
opti = index of a current option
R= depicts residential sector
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OptionCost = total option costs in residential sector

IncrOptionCost = incremental option cost per one appliance/unit of service demand

AnnualEnSavings = annual energy savings per one appliancerinef service demand

DSMROptionCost(opti) = cost of impimentation of an option per on@it of energy saved during the entire
life of an appliance in residential sector

Calculation of cost eiments and annuahergy savings is done as shown below. For the commercial
module's database, capital costs are specified per unit of actually satisfied service demand, and operational
and maintenance costs are specified per urseofice demand that can be theoretically satisfied. As a result,
the latter must be divided by the capacity factor for that technology:

EqL

OptionCost = IncrOptionCost+ Z {AnnualEnSavings* DSMCOptionCost(opti)+ OMcost * pvfc}
y=1

where:

EqL = the shortest technical life of all the types of appliances affected by an option

y=1..EqL = index of a year in the technical life of an appliance

opti = index of a current DSM option

C= depicts commercial sector

OptionCost = total option costs in commercial sector

IncrOptionCost = incremental option cost per one appliance/unit of service demand

AnnualEnSavings = annual energy savings per one appliancerinef service demand

DSMCOptionCost(opti) = cost of impientation of an option per on@it of energy saved during the entire
life of an appliance in commercial sector

OMcost = anualincremental operational and maintenance costs for commercial sector
technologies
pvfc = factor that present-values costs to tegimning of implementation of an option

Calculation of cost eiments and annuahergy savings is done as shown below. For the commercial
module's database, capital costs are specified per unit of actually satisfied service demand, and operational
and maintenance costs are specified per urseofice demand that can be theoretically satisfied. As a result,
the latter must be divided by the capacity factor for that technology:

For Residential Sector Options:

ntech,  tdnt, ntechy tdng
IncrOptionCost = > { ) [Cost, ]} - ) () [Cost ]}
K=1 L=1 K=1 L=1
ntech,  tdng ntech,  tdn,
AnnualEnSavings = Y, { ) [UEC ]} - Y {Y [UEC, ]}
K=1  L=1 K=1  L=1

For Commercial Sector Options:

ntechy ntechy

IncrOptionCost = Y {TechCos}} - ) {TechCosf ,}
K=1 K=1
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ntechy ntechy

OMCost = Y {TechCos, / capfag} - Y {TechCosf, / capfag}
K=1 K=1

ntechy ntechy

AnnualEnSavings = Kzl {uecg} - Kzl {uecc}

where:

R= depicts residential sector

C= depicts commercial sector

ff= index depicting technologies being replac€®#ROM" technologies)

tt= index depicting replacing technologies ("TO" technologies)

K=1..ntech = index of a consecutive DSition data base technology affected by the option
L=1..tdn= index of ademand module technology corresponding to the DSM option data

base technology
ntech = number of DSM option database technologies affected by an option

tdn = number of a demand module technologies affected by an option

IncrOptionCost = incremental option cost per one appliance/unit of service demand

Cost, = cost of purchase of one appliance

TechCost, = cost of purchase of equipment per one unit of service demand

TechCost, = annual operational and maintenance cost for equipment per one unit of service
demand

OMcost = annual incremental operational and maintenance costs for commercial sector
technologies

capfag = capacity factor for the technology K

AnnualEnSavings = annual energy savings per one applianceriinef service demand

UEC, = unitary energy consumption for residential technologies

uecg = unitary energy consumptions for commercial technologies

The residential sectamit energy consumptions for each technology, are supplied by the restart file.
The commercial sectarmit energy consumptions (penit of actual service demand satisfied iyear) are
calculated as the reciprocals of technology efficiencies that are imported from the commercial sector
technology database. The capacity factors are also imported from the same database. An intermediate step
of translating data from census divisionsN&ERCregions has to be done, since the demand module works
at the census division level, while th®SM works at the level oNERCregions.

uecc=1.0/teff

while:
NnCENSUSreg
teff = ) {TechEff(k)  MapCtoN(RBN k,sector)
k=1
nCENSUSreg
capfac = Z {CapacityFactor(k)* MapCtoN(RNB,k,sector)
k=1
where:
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NCENSUSreg = number of censdizisions

RNB = index of a current EMM region

k= index of a census division £.nCENSUSreg

sector = index of a demand sector

teff = efficiency of a technology in a curreNEERCregion

capfac = capacity factor of a technology in a current EMM region

TechEff(k) = efficiency of a technology in censdiwision k, as imported from the demand
module database

CapacityFactor(k) = capacity factor of a technology in census division k, as imported from the

demand module database
MapCtoN(RNB,k,sector) = fracion of census division K valuthat contributes to EMM region RNB value

An option mayfail the TRC test due to some supplementary checks performed by the program. An
option fails if:

1) AnnualEnSavings <0
2) OptionBenefits <0

The TRC computations are handled in B8MTRCR, and DSMTRCGubroutines of the LDSM
code.

2.3.3 Computations of Rebates and the Payback Period Test

Rebates are calculated as the difference between an incremetitat cost and savings due to
implementation of an option in a predefined number of years.

For the Residential Sector:
REBATE; =IncrOptionCost - PXBACK * (AnnualEnSavings *EPRICE (RNB))
For the Commercial Sector:

REBATE. =IncrOptionCost - PXBACK * (AnnualEnSavings *EPRICE (RNB) - OMcost)

where:

R= depicts residential sector

C= depicts commercial sector

RNB = index of a current EMM region

T= index of a tariff appropriate for a given sector

REBATE = rebate per one appliance/unit of service demand (dependently on sector)

PAYBACK = payback period

IncrOptionCost = incremental option cost per one appliance/unit of service demand

AnnualEnSavings = annual energy savings per one appliancefoinef service demand

OMcost = annual incremental operational and maintenance costs for commercial sector
technologies

EPRICE (RNB) = price foelectricity imported from the EFP module

Given the above definition of a rebate, when it becomes negative it means that the consumer
investment will berepaid by energy savings in less than the assumed payback period. Such an attractive
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option would not require DSM for acceptability, and normal market mechanisms would be sufficient for its
penetration, and hence such options should be excluded from further analysislHySMe Hence, an
option fails the Payback Period Test if:

REBATE <0
2.3.4 Computations of DSM Program Load Impact

After decidingupon which DSM options are to be aggregated under which P8igram, the load
impacts of the programs are calculated. The load impact of a program is dependent upon the EMM region,
the start year, and the year of its implementation. The load impacts, specified for each of the blocks of the
ECP LDC, are represented by Load Impact Curves. These functions are handledD8NHRCIP and
DSMPRGLsubroutines of th€e DSM code.

The LICs are developed based on chronological curves that represent hourly load savings due to
implementation of the programs. The following formula shows how these curves are created:

NTECHAFFP(P)

PIMPACT(H) = Z {DistLo,(H) * DeltaEnergy(j,SYRix,K11,P)}

P=1
where:
H= hours in a year
P= index of a DSM program
j=1..NTECHAFFP(P) = index of a technology affected by the DSM program
K11 = index of a consecutive year of implementation of the DSM program
SYRix = index of a start year of a DSM program
NTECHAFFP(P) = number of technologies affected by the DSM program
PIMPACT(H) = hourly load impact of the program
DistLo,(H) = hourly load shape

DeltaEnergy(j,SYRIix,K11,P) = change in energythnd by teenology j, inyear K11, due to DSM program
P ifitis started in year SYRIx

The list oftechnologies affected by a given DSM program is determined during the testing of DSM
options. The change in energy demand for each of the technologies is calculated as follows:

For the Residential Sector:
PYRix

DeltaEnergy(j,SYRiX,PYRix,P) +/- Z {NumbApplgyg, . op * UEC(YRR,))
x=1

For the Commercial Sector:

PYRix

DeltaEnergy(L,SYRIx,PYRIx,P)- +/- ) {ServDemy g, ot * UECG
x=1

where:
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j= index of a technology
= index of a DSM option affecting the technology

SYRix = index of a start year of a DSM program

PYRIix = index of a current year of implementation of a DSM program

X= index of a year between the beginning and current year of
implementation of a program

P= index of a DSM program

YRR = index of a RESTART file planing horizon year that corresponds to
PYRix

DeltaEnergy(j,SYRIx,PYRIix,P) = change in energy demand by technology j, in program year PYRIx,

due to DSM program P if it is started in year SYRIx; positive value
for "FROM" technologies, negative for "TO" technologies

NumbAppPLyrixxp = number of appliances replaced by DSM option D, in the x-th year
of its implementation, if it is started in year SYRix
ServDemyrixp = amount of service dematitht is subjected to replacements of

equipment due to the DSM option J, in the x-th year of its
implementation, if it the option is started in year SYRix

UEC(YRR,)) = unitary energy consumption in yea¥RR, technology j, in
residential sector
uecg = unitary energy consumption for technology j in commercial sector

The number of appliances (residential sector) or the amount of service demand (commercial sector)
that can be affected by a program in a given year results from an assessment of possible market penetrations
of the options. Computation of the maximum possible market penetration of a DSM option is based on the
idea of the program acceptarmarve. The curve gives the percentage of an entire market for a given type of
technology that will be served by a "TO" technology. This percentage depends on the length of an option's
payback period. The nexapameter thatifluences market penetration of the program is the ramp-up period.

The model assumes a linear ramp-up period. At the end of this period, an option can be implemented to the
full extent prescribed by the acceptance curve.

The current market size for each of the options is calculated in the program in a simplified fashion,
as a sum of markets served by the "TO" and"flROM" technologies before an option is implemented. If
there are more than one "TO" and/®fROM" technologies the numbers applying to the minimum size
technologies areised. Given that, the computations of the maximum extent to which an option can be
implemented are performed as follows:

For the Residential Sector:
NUmbAPPLyri pvrixo = (MMKSF + MMKST) * RMS - MMKST) * (1.0 - Rshift(RNB,opti))

For the Commercial Sector:

ServDenmy pvrxo = (MMKSF + MMKST) * RMS - MMKST) * (1.0 - Cshift(RNB, opti))

where:

D= index of a DSM option

SYRix = index of a start year of a DSM program

PYRIix = index of a current year of a DSM program implementation

RNB = index of a current EMM region
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opti = index of a current DSM option

NumbAppkyripvrio =  NUMber of appliances replaced by DSM option D, in year PYRix of its
implementation, if it is started in year SYRIx (if the value is negative it is
replaced by 0)

ServDemygi pyrixp = amount afervice demand that is subjected to replacements of equipment due to
the DSM option J, ilPYRIix year of its implementation, if the option is started in
year SYRIx (if the value is negative it is replaced by 0)

MMKSF = minimum market size among tHEROM" technologies

MMKST = minimum market size among the "TO" technologies

RMS = resulting market size served by the "TO" technology after implementation of an
option, expressed as a fraction

Rshift(RNB,opti) = fraction of the availablenarket that is lmeady committed to technology shifts due
to decisions made in previous years, for residential sector

Cshift(RNB,opti) = fradion of the availablenarket that is lmeady committed to technology shifts due

to decisions made in previous years, for commercial sector

One important assumption of theDSM module is, that ECP decisions concerning the
implementation of some DSM programs in the next year will not be reconsidered in the subsequent runs of
the model. These decisions are assumeubld true for the rest of thBIEMS planning horizon. In other
words all the decisions made by ECP about implementation of the DSM programs for the second year of its
current planning horizon are final and cause an increase of penetration of the market by an option, dictated
by the ramp-up profile. This means that in each year, doawtion of the market available for an option, may
already be comitted to it and hence may not be subject to a current year decision. Fractions of the market,
already committed by previous decisions, are calculated as follows:

CURIYR-1
Rshift(RNB,opti) = Z {RopChoice(YY,RNBopti) * ppramp}
YY =FIRSYR+1

while:

IF (Y-YY) <= DSMROptionRamp(opti)THEN
ppramp= 1.0 / DSMROptionRamp(opti) *{YY)

ELSE
ppramp= 1.0
where:
ppramp = ramp-up slope
DSMROptionRamp(opti)  length of ramp-up period
RNB = index of a current EMM region
opti = index of a current DSM option
YY = index of a year when the decision was made
FIRSYR = first year of theNEMS planning horizon
CURIYR = current'NEMS year"
Y= index of ayear of NEMSplanning horizon for which the fraction is calculated
Rshift(RNB,opti) = fraction of theavailable market that is already committed to technology shifts

due to decisions made in previous years, for residential sector
RopChoice(YY,RNB,opti) = number between 0 and 1 that specifies extent of implementatiomwofiam
optiinyear YY in region RNB
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The value of CopChoice is calculated in a similar way but with values that apply to the commercial sector.
2.3.5 Computations of the Costs of the Programs

LDSM calculates the total costs (actualized to the beginning of the ECP planning horizon) for each
of the programs and for each of thegsible start years, incurred during all the years of running the programs
within the ECPplanning horizon. The following formulae show the computations for an example of a
residential sector DSM program. For the commercial sector, the algorithm of computations is the same,
except that the units used to calculate the amount of technological switches are units of Beraared
rather than number of appliances.

nopt ECPLastYearlndex

DSMPRCST(SYRiXRNBPE: Y { )  {CumNA_,PYR + CunFR,,PYR)
opti=1 PYR=SYR

* (REBATE + OneYearEnSay, * DSMRoptionCost(opti))+ df}}

opti’

where:

SYRix = index of a start year of a DSM program

RNB = index of a current EMM region

P= DSM program index

opti = index of a current DSM option

nopt = number of DSM options in a program

PYR = DSM program year index on the scale of MEEMS time horizon

SYR = DSM program start year index on the scale ofMEeMS time horizon

CurrNA = maximum number of appliancélsat may be shifted fromiFROM" to
"TO" technologies resulting from the DSM program

CurrFR = maximum number of free-rider appliance shifts that will accompany the
DSM program induced shifts

REBATE = rebate per one appliance

OneYearEnSay, = renual energy savings due tehift of one appliance from tH&=EROM" to
the "TO" technology

DSMRoptionCost(opti)= unitary DSM option administrative costs (per 1 kWh of saved energy)

DSMPRCST(SYRIix,RNB,P) %otal discounted cost of DSM program P in region RNB if started in year

SYRix

df = discount factor

ECPLastYearIndex = index of the last year of the ECP time horizon

while:

CurrNAipve = ((MMKSF  + MMKST) * RMS - MMKST) * (1.0 -

Rshift(RNB,opti))*(1.0/DSMROptinRamp(opti))*(PYR-SYR+1)

CurFR,i pyr = MMKST * (1.0 - Rshift(RNB,opti))*(1.0/DSMROptionRamp(opti))*(PYR-SYR+1)

where:

PYR = DSM program year index on the scale of MEMS time horizon
SYR = DSM program start year index on the scale ofMfMS time horizon
opti = index of a current DSM option

RNB = index of a current EMM region
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MMKSF = minimum market size among tHEROM" technologies

MMKST = minimum market size among the "TO" technologies

RMS = resulting market size served by the "TO" technology after implementation of an
option, expressed as a fraction

Rshift(RNB,opti) = fraction of theavailable market that is already committed to technology shifts

due to decisions made in previous years, for residential sector
DSMROptionRamp(opti)  length of ramp-up period

CurrNA = maximum number of appliancésat may be shifted froffFROM" to "TO"
technologies resulting from the DSM program
CurrFR = maximum number of free-rider appliance shifts that will accompany the DSM

program induced shifts

2.4 Computation of the Impact of DSM Programs on the Market Penetration of End-Use
Technologies

ECP decisionabout DSM program choice have to be passed to the demand forecasting modules so
that the electric appliance stock record and the load forecast could be adjusted to reflect the implied
technology shits. Every year, the. DSM passes to the demand forecasting modules, cumulative market
penetrations by DSM option. These penetrations result from decisions made between the beginning of the
planning horizon and the current year, and are expressed as fractions of the market available for each of the
options in any given year. Because the demand modules require data by census division, the results of the
DSM program choice have to be translated into the numbers applicable to census divisions. Subroutine
DSMECP2 of the LDSMcode handles this part of the computations. The penetrations are calculated as
follows:

nNERCreg
DSMrFracOptionMarket, = Z {[RopChoice(CURIYR,RNB,D)+ Rshift(RNB,D)]

RNB=1

* MapNtoC(RNB,k,sector)
while:

RopChoice(CURIYR,RNB,D) = DSMPRCHOICE(RNB,P) * (1.0-Rshift(RNB,D))

where:

k= index of aCENSUSdivision

D= index of an option

RNB = index of a EMM region

CURIYR = index of a currentNEMS year"

sector = index of a demand sector

NNERCreg = number of EMM regiortkat are used in computations

Rshift(RNB,opti) = fraction of the available market that is already committed to technology
shifts due to decisions made in previous years, for residential sector

Rshift(RNB,D) = fraction of the available market that is already committed to technology

shifts due to decisions made in previous years
RopChoice(CURIYR,RNB,D)= number between 0 anthat specifies extent of implementation of an
option n in the year next to ye&@URIYR inregion RNB
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DSMPROCHOICE(RNB,RNB,P) = number between 0 andtHat represents the extent of
implementation of DSM program P in regioRNB, in the
CURIYR+1 yearsupplied by the ECP module
DSMrFracOptionMarkegt, Fraction of amarket available for an option D in census division k, that has
been decided to be subjected to the option in the next computational year
MapNtoC(RNB,k,sector) = fraction of EMM region RNB value, that contributes to a catigisson k
value

2.5 Computations of "Current" Year DSM Costs for the EFP Module

For each year and itdfan, the &mand forecgting malules calculate current year utilization of "TO"
technologies that includes bafitee riders and the shifts resulting from DSMoptions, and pass them to the
LDSM module. These comptuians are handled bpSMEFP2, DSMREBR, and DSMREBS$Libroutines in
the code. Computations within the demand forecasting modules should be conducted as follows:

For the Residential Sector:

DSMrNumUnitChange(D) = ((MMKSF + MMKST) * RMS) * DSMrFracOptionMarket(D)

For the Commercial Sector:

DSMcServDemChange(D) = ((MMKSF + MMKST) * RMS) * DSMcFracOptionMarket(D)

where:

D= index of a DSM option

DSMrNumUnitChange(D) = number of appliances of a DSM option, "TO" technology, replaced, in the
current year ("free riders" + DSMption real participants)

DSMcServDemChange(D) = amount of service demand that is subjected to replacements of equipment
with the "TO" technology of a DSM option D in the current year

MMKSF = minimum market size among tHEROM" technologies
MMKST = minimum market size among the "TO" technologies
RMS = resultingnarket size served by the "T@chnology given full implementation

of an option, expressed as a fraction
DSMrFracOptionMarket(D) = fraction of a market available foraption D, that has been decided to be
subjected to the option in the current year

Data supplied by the Demand modules is utilized for the computation of current expenditures on DSM
programs as follows:

For the Residential Sector:

NnCENSUSreg
DSMAnNnualCost(RNB,RES} Z {(DSMrNumuUnitChange(D)+ [REBATE + DSMROptionCost
k=1

AnnualEnSavings) MapCtoN(RNB,k,RES)]

For the Commercial Sector:
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NnCENSUSreg
DSMAnnualCost(RNB,COM)= Z {(DSMcServDemChange(D} [REBATE + DSMCOptionCo
k=1
AnnualEnSavings) MapCtoN(RNB,k,COM)]

where:

RNB = index of a EMM region

RES = index of the residential sector

COM = index of the commercial sector

k= index of aCENSUSdivision

NCENSUSreg = number @ENSUSdivisions

D= index of a DSM option

MapCtoN(RNB,k,sector) = fraction of census division | value that contributes to an EMM region
value

REBATE = rebate per one appliance/unit of service demand (dependently on sector)

AnnualEnSavings = annual energy savings per one appliance/unit of service demand

DSMROptionCost(D) = cost of implementation of an option per

or DSMCOptionCost(D) oneanit of savedenergy

DSMAnnualCost(RNB,RES) = current year expenditures on DSM programs in residential sector

DSMAnnualCost(RNB,COM) = current year expenditures on DSM programs in commercial sector

DSMrNumUnitChange(D) = number of appliances of a DSM option, "TO" technology, replaced, in the
current year ("free riders" + DSMption real participants)

DSMcServDemChange(D) = amount of service demand that is subjected to replacements of equipment
with the "TO" technology of a DSM option D in the current year

Values for the variables REBATE adhnualEnSavings are calculated in the same way as described
in section 2.3.3.using the most recent estimates of the current YH&Cs and electricity prices.
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APPENDIX C

Detailed Specification of Variables Used Within theLDSM Submodule

Appendix C gives the dailed list of (1) variables used in thdSM submodule documentation, (2)
variables that have been imported from the other modules of NElMi8se variables are listed in six different
tables, numbered 1 through &ach table is preceded by a brief description of the variables included in the
table that follows. All the source code variables that are not included in the following tables, can be found
in the source code listing that is enclosed in the second volume of this docwhera each of them is well
defined in the common statements. The Volume 2. presents also a table that lists for each of the source code
variables the exact listing of source code limdtere it appears.

1.0 Specification of the Variables Used in th& DSM Documentation
The following table presents all the variables plus all the indices used within the textldDd
Documentation. For each of the variables/indices we quote a corresponding source code variable/index, as

well as we specify the units. All the names are presented in alphabetical order.

Table 1. Specification of the variables and indices used in the documentation

Variable or index name Description Variable name in the Units
used in the source code
documentation
AnnualEnSavings annual energy savings per  AnnualEnSavings GWh/appl
one appliance/one unit of or
service demand GWH/usH
AP option annual maximum  CurrNA,CurrSD # appl/a
participation or
usD/a”
BaseYrLd end-use base ydaad BaseYrLd GWh
C index depicting COM -

Commercial sector

CapacityFactor technology capacity factor CapacityFactor & 1
(imported from the
demand module database)

» GWh = Giga Watt*hour
appl = appliance
uSD = unit ofService Demand

5t a=annum

& 1 - for variables with no physical uni{e.g. energy efficiency of an appliance -- Btu/Btu=1)
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Variable or index name
used in the
documentation

capfac

CM,

CM,

COM

Cost

Cshift

CURIYR
CurrFR

CurrNA

DDAF

DDNF

DDTL

Variable name in the
source code

Description

technology capacity factor
in EMM region

capfac

current market size for MMKSF

base technology

current market size for MMKST

efficient technology 2

index of the commercial COM

sector

cost of purchase of one Cost

appliance

fraction of the available Cshift
market that is already

committed to technology

shifts due to decisions

made in previous years,

for commercial sector
CURIYR
CurrFR

current yeamdex

maximum number of
free-rider appliance shifts
that will accompany the
DSM program induced
shifts

maximum number of CurrNA
appliances that may be

shifted fromFROM to

TO technologies resulting

from the DSM program
index for a DSM option opti
index for a DSM option opti

weighted daily allocation
factor

DayTypRatio

normalization factor for DOTMON

daily allocation

fraction of the annual load ENDFAC
allocated to a day

Units

#ppl/a
uSD/a

# appl/a
uSD/a

$/appl

# appl/a
uSD

# appl/a
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Variable or index name
used in the
documentation

DeltaEnergy change in technology
energy demand; positive
value forFROM
technologies, negative for
TO technologies

demand demand forecast imported
from a demand module

df discount factor

DHAF hourly allocation factor

DHL fraction of annual load
allocated to an hour

DHNF normalization factor for
hourly allocation

DistLo hourly load shape

DMAF monthly allocation factor
for month m

DMNF normalization factor for
monthly allocation

DNDAF normalized daily
allocation factor

DNHAF normalized hourly
allocation factor

DNMAF normalized monthly
allocation factor

DP Participation level
associated with load
management program
(fraction)

DSMAnnualCost current year expenditures
on DSM programs

7 TTBtu = Trillion British Thermal Units

Description

MMBtu = Million British Thermal Units
BLua =Billion Lumen*years

Variable name in the
source code

DeltaEnergy

demand

df
HourLoad
DistLo

TOTAL

DistLo
MonAlloFact

TOTAL

HourLoad

not ready

DSMAnNnualCost

Units

GWh

TTBtu/a or
BLua or
MMBtu/a”

1
1
1

$min
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Variable or index name
used in the
documentation

DSMCOptionCost

DSMcServDemChange

DSMPRCST

DSMPROCHOICE

DSMrFracOptionMarket

DSMrNumUnitChange

DSMROptionCost

DSMRoptionCost

DSMROptionRamp
DWDAF

e

ECPLastYearIndex

ECPnumBI

Description Variable name in the Units
source code

cost of implementation of DSMCOptionCost $mIn/GWh
an option per one unit of
saved energy

amount of service demand DSMcServDemChange usb

shifted due to a DSM
option implementation
total discounted costof = DSMPRCST $min

DSM program

number between 0 and 1 DSMPROCHOICE 1
that represents the extent

of implementation of a

DSM program

fraction of a market
available for an option,
that has been decided to
be subjected to the option
in the current year

DSMrFracOptionMarket 1

number of appliances
shifted due to an option
implementation in the
current year (free riders +
DSM option real
participants)

DSMrNumUnitChange # appl

cost of implementation of $min/GWh
an option per one unit of

saved energy

DSMROptionCost

unitary DSM option $/kWh
administrative costs (per 1

kWh of saved energy)

DSMRoptionCost

length of ramp-up period DSMROptionRamp a

weighted daily allocation - 1
factor for a day-type

J -
ECPLastYearIndex -

index for an end-use

index of the last year of
the ECP time horizon

number of blocks IBCP's ECPnumBI 1

LDC
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Variable or index name
used in the
documentation

El

ELDC

EnSavings

EPAVOID

EPRICE

EPRMRGN

ER

FIRSYR

Variable name in the
source code

Description

incremental energy OneYearEnSav

change for an option

End-use load in LoadForec

megawatts

energy savings per single  EnSavings
appliance/unit of service

demand expressed as the

heights of blocks in the

Load Impact Curve

avoided costs of ERAOID
electricity discounted to

the beginning of the

planning horizon (for the

years beyond the ECP

planning horizon, the last

year value, appropriately

discounted, is used)

price foelectricity EPRICE
imported from the EFP

module

avoided costs of the EPRMRGN
reserve margin discounted

to the beginning of the

planning horizon (for the

years beyond the ECP

planning horizon, the last

year value, appropriately

discounted, is used)

shortest technical life of
all the types of appliances
affected by an option

EqL

electricity rates EPRICE
per-megawatt-hour

equivalent

index depicting -
technologies being
replaced, (FROM
technologies)

first year of theNEMS
planning horizon

FIRSYR

Units

GWh

MW

GW

$min/GW

$/kWh

$min/GW

$/MWh
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Variable or index name
used in the
documentation

h

H

[
ICC

ICO

IncrOptionCost

K1

K11

LD

LM

load

Variable name in the
source code

Description

index foran hourinaday M
index for an hourinayear M

Discount rate used in the DISCFA
calculations

incremental customer
capital costs for a DSM
option

IncrOptionCost

incremental customer OMcost
maintenance costs for a

DSM option

incremental option cost
per one appliance/unit of
service demand

IncrOptionCost

index of sector SECTOR

index for a technology L

index for aCENSUS k
division

index for a DSM K
technology

year for which a K1
chronological load curve
is being developed

index of a consecutive K11
year of implementation of
the DSM program

index for a load segment ECPnumBI

index for a Demand L
Module technology

Changes in the load
segment due to a DSM
option

EnSavings

Percentage changesin a -
load segment due to
implementation of a load
management program

annual electric load foran load

end-use

Units

$/appl
or
$/uSD

MW

GWh
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Variable or index name
used in the
documentation

loadl

load2

m
M
MapCtoN

MapNtoC

MA
MMKSF

MMKST

MP

Variable name in the
source code

Description

annual load forecast foran loadl
end-use (1 stands for base

type approach)

difference between an load2

end-use's annual energy
consumption in the
current year and the base
year (delta approach --
positive or negative value)

index of a demand module L
technology corresponding

to the DSM option data
base technology

index for a month
index for a block in LDC

fraction of a census
division value that
contributes to an EMM
region value

fraction of an EMM
region value, that
contributes to a census
division value

Marginal electricity costs

minimum market size
among thFROM
technologies

minimum market size
among the TO
technologies

maximum market
penetration of a DSM
technology (TO
technology)

index of a block in the
ECP LDC

Lifetime of an appliance
in years

m
M
MapCtoN

MapNtoC

EPRMRGN
MMKSF

MMKST

MMKST

M

EquipLife

Units

GWh

GWh

$/kWh

#Appl
or
uSD

# appl
or
uSbD
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Variable or index name
used in the
documentation

n

NCENSUSreg

ND

NDT
NEUSES

NM

NNERCreg

nopt

ntech

NTECHAFFP

NumbAppl

NumSec

NUSES
OIMPACT

OMcost

Variable name in the
source code

Description

index for a load -
management program

number of census NCENSUSreg
divisions
number of daysin a NODAYS
month of the forecast year
number of day-types NODAYT

number of end-usesina NEUSES
sector

number of months inthe NMONTH

forecast year

number of EMM regions
that are used in
computations

NNERCreg

number of DSM options
in a program

nopt

number of DSM option ntech
database technologies

affected by an option

number of technologies = NTECHAFFP
affected by the DSM

program

number of appliances
replaced by a DSM option

NumbAppl

number of the demand NumSec
sectors
number of end-uses NUSES

chronological load impact SYLOAD
curve for an option

annual incremental OMcost
operational and

maintenance costs for

commercial sector

technologies

Units

GW

$min/a
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Variable or index name
used in the
documentation

OneYearEnSav

opti

OptionBenefits

OptionCost

P
PAYBACK
PB

PIMPACT

ppramp
PROFTH

Description
source code

annual energy savings dueOneYearEnSav
to a shift of one appliance

from the FROM to the

TO technology

index of a current DSM opti
option

total option benefits
discounted to the
beginning of
implementation of the
option; per single
appliance for residential
sector, and per unit of
service demand for
commercial sector

OptionBenefits

total option costs
discounted to the
beginning of
implementation of the
option; per single
appliance for residential
sector, and per unit of
service demand for
residential sector

OptionCost

index for a DSM program |
PABACK
PRACK

payback period

payback period in years
for a DSM option

hourly load impact of the SYLOAD
program
ramp-up slope ppramp

profitability threshold, an PROFTH
input to the program

Variable name in the

Units

GWh

$min

$min
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Variable or index name
used in the
documentation

pvfa

pvfc

PYR

PYRix

RB

REBATE

RES

RMS

RNB

Variable name in the
source code

Description

present value adjustment
factor that recalculates the
avoided costs so they are
present valued to the
beginning of
implementation of the
DSM option, rather than
to the beginning of the
ECP planning horizon

pvfa

factor that present-values
costs to the beginning of
implementation of an
option

pvfc

DSM program yearindex  PYR
on the scale of thBlEMS

time horizon

index of a current year of  PYRIx

implementation of a DSM
program

RNB
RES

index for a region

index depicting
Residential sector

Rebate level necessary to REBATE
achieve a 2 year payback

rebate per one REBATE
appliance/unit of service
demand (dependently on

sector)

index of the residential RES

sector

resulting market size RMS
served by the TO

technology after

implementation of an

option, expressed as a

fraction

index foran EMM region  RNB

Units

$/appl
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Variable or index name
used in the
documentation

RopChoice

Rshift

RU

S

SECTOR
sector
SectorLoad

ServDem

SV

SYLOAD

SYR

SYRix

SystemLoad

T

TCC

Variable name in the
source code

Description

number between 0 and 1
that specifies extent of
implementation of an
option

RopChoice

fraction of the available Rshift
market that is already

committed to technology

shifts due to decisions

made in previous years

ramp-up period for an
option

pramp

index depicting System S
index of a demand sector SECTOR

index of a demand sector sector

hourly load for a sector SectorLoad

amount of service demand ServDem
that is subjected to
replacements of
equipment due to a DSM
option

megawatt-hours of
savings for an option

AnnualEnSavings

SYLOAD
SYR

hourly system load

DSM program start year
index on the scale of the
NEMStime horizon

index of a start year of a SYRix

DSM program

base year total system
load

SystemLoad

index of a tariff -
appropriate for a given
sector

index for a daytype t

technology capital cost Cost, TechCost

Units

GW
uSD

MWh

GW

GWh
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Variable or index name
used in the
documentation

tdn

TechCost

TechCost

TechEff

teff

™

TRC

TS

tt

uecc

UEC

ul,

ul,

Description Variable name in the

source code

number of a demand tdn
module technologies
affected by an option

cost of purchase of TechCost
equipment per one unit of
service demand

annual operational and TechCost
maintenance cost for
equipment per one unit of
service demand

efficiency of atechnology  TechEff
imported from the demand
module database

efficiency of atechnology teff
in a current EMM region

total potential market size  ToNumbAppl

for a DSM option

Total Resource Costs for TRC
an option

total maximum possible  OneYearEnSav

incremental savings
associated with an option

index depicting replacing  tt
technologies (TO
technologies)

unitary energy uecc
consumption for a

technology in the

commercial sector

unitary energy for a UEC
technology in the
residential sector

usage index for a base UEC,uecc
technology 1

usage index for an UEC,uecc
efficient technology 2

Units

$/usD

$/uSD/a

# of appl

MWh

uSD/a

GWh/a

MWh/a

MWh/a
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Variable or index name Description Variable name in the Units
used in the source code
documentation

X index of a year between X -
the beginning and current
year of implementation of
a program

XQELxx foresighted demand for XQELRE,XQELCM, TTBtu
the entire sector that the XQLIN,XQLTR
end-use belongs to

y index of year in a y -
technical life of an
appliance

Y index for a year in the Y -
NEMS planing horizon

yO0 first year of SYR -
implementation of a DSM
option

YPC yearly option costs DSMROptionCost, $

DSMCoptonCost
YRR index of aRESTARTfile YRR -

planning horizon year that
corresponds to PYRix

YY index of a year when the YY -
decision was made

2.0 Source Code Variable Indices

The LDSMmodel code has been written in such a way that all the dimensions of the model can be
redefined by simply changingARAMETER statements specified in the designat®étCLUDE file:
DSMDIMEN. Below we present a table that specifies all the major indices used throughdD$hé model.
Obviously, in thecode, these indices are referred to using varying variablenames. However, in the
dimensioning staments they are defined by the parameter names given below. In the table below, the values
of the dimensioning parameters are also specified, as they appear in the current version of the code. The
indices in the table are listed in alphabetical order.

Table 2. Variable Indices

INDEX Index Description Current
Value
COM COMMERCIAL SECTOR INDEX 2
ELCOOLX INDEX FOR ELECTRICITY IN RESIDENTIAL 1

COOLING DEMAND TABLE
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ELDRYEX

ELHEATX

ELINDEX

ELLDVHX

ELRAILX

ELSECHX

ELSTOVX

ELWHEAX

IND

MAXBLOCK

MAXCBT

MAXCDSMO

MAXCOP

MAXCRG

MAXCTECH

MAXDAY

MAXDECT

INDEX FOR ELECTRICITY IN RESIDENTIAL
DRYERS DEMAND TABLE

INDEX FOR ELECTRICITY IN RESIDENTIAL
HEATING DEMAND TABLE

INDEX FOR ELECTRICITY IN COMMERCIAL
DEMAND SUBMODULE

INDEX FOR ELECTRICITY IN
TRANSPORTATION MODULE, LIGHT DUTY
ELECTR. VEHICLES DEMAND TABLE

INDEX FOR ELECTRICITY IN
TRANSPORTATION MODULE, RAILWAYS
DEMAND TABLE

INDEX FOR ELECTRICITY IN RESIDENTIAL
SECONDARY HEATING DEMAND TABLE

INDEX FOR ELECTRICITY IN RESIDENTIAL
STOVES DEMAND TABLE

INDEX FOR ELECTRICITY IN RESIDENTIAL
WATER HEATING DEMAND TABLE

INDUSTRIAL SECTOR INDEX

MAXIMUM NUMBER OF BLOCKS IN ALL
EFD LDCs (MAXEFDS*MAXEFDB)

MAXIMUM NUMBER OF COMMERCIAL
BUILDING TYPES USED IN LDSM

MAXIMUM NUMBER OF COMMERCIAL DSM
OPTIONS IN OPTION DATA BASE

MAXIMUM NUMBER OF DSM OPTIONS
THAT MAY BE CHOSEN BY ECP FOR
COMMERCIAL SECTOR (in allregions)

MAXIMUM NUMBER OF CENSUS DIVISIONS

MAXIMUM NUMBER OF COMMERCIAL
TECHNOLOGIES TO BE AFFECTED BY DSM

MAXIMUM NUMBER OF DAYS IN A
CALENDAR FILE MONTH

MAXIMUM NUMBER OF DECISION TYPES
USED IN DSM OPTIONS

300

11

88

1500

10
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MAXDMT

MAXDSMP

MAXDTP

MAXECPB

MAXECPS

MAXECTB

MAXEFDB

MAXEFDS

MAXEU

MAXFRT

MAXHOUR

MAXITV

MAXMON

MAXNLST

MAXNRG

MAXNTPO

MAXOPR

MAXIMUM NUMBER OF DEMAND MODULE 8
TECHNOLOGIES AFFECTED BY ONE DSM
OPTION

MAXIMUM NUMBER OF DSM PROGRAMS 12
FOR ONE REGION AND ONE SECTOR

MAXIMUM NUMBER OF DAY-TYPES 3

MAXIMUM NUMBER OF BLOCKS IN ONE 3
SEGMENT OF ECP LDC DEF.

MAXIMUM NUMBER OF SEGMENTS IN ECP 9
LDC DEFINITION

MAXIMUM TOTAL NUMBER OF BLOCKS IN MAXECPB*
ECP LDC = MAXECPS*MAXECPB MAXECPS

MAXIMUM NUMBER OF BLOCKS IN ONE 30
SEASON LDC FOR EFD

MAXIMUM NUMBER OF SEASONS USED BY 6
EFD MODULE

MAXIMUM NUMBER OF END-USES 120

MAXIMUM NUMBER OF FROM 2
TECHNOLOGIES AFFECTED BY ONE DSM
OPTION

MAXIMUM NUMBER OF HOURS IN A YEAR
+1 = MAXMON*MAXDA Y*24+1

MAXMON*
MAXDAY
*24+1

MAXIMUM NUMBER OF HOURLY 2
INTERVALS PER SEGMNET IN ECP/EFD LDC
DEF.

MAXIMUM NUMBER OF MONTHS 12

MAXIMUM NUMBER OF LISTS OF REGIONS 3
TO DEFINE DSM OPTIONS

MAXIMUM NUMBER OF EMM REGIONS 13

MAXIMUM NUMBER OF DEMAND MODULE 8
TECHNOLOGIES PER OPTION (TO+FROM)

MAXIMUM NUMBER OF DSM OPTIONS PER 100
DSM PROGRAM
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MAXPCPH

MAXRBT

MAXRDSMO

MAXRDT

MAXREC

MAXREU

MAXRHOUR

MAXRLST

MAXRRST

MAXRTECH

MAXSEA

MAXSEC

MAXTAF

MAXTOT

MSEGEFD

NCRRD

NCRTR

NEFCOO

MAXIMUM NUMBER OF COINCIDENT PEAK
HOURS USED FOR PEAK LOAD
COMPUTATIONS

MAXIMUM NUMBER OF RESIDENTIAL
BUILDING TYPES USED IN LDSM

MAXIMUM NUMBER OF RESIDENTIAL DSM
OPTIONS IN OPTION DATA BASE

MAXIMUM NUMBER OF DECISION TYPES
FOR RESIDENTIAL SECTOR USED IN LDSM

MAXIMUM NUMBER OF RECORDS ON
DAF-LSR-DB

MAXIMUM NUMBER OF RESIDENTIAL
SECTOR END-USES

MAXIMUM NUMBER OF HOURS IN A REAL
YEAR

MAXIMUM NUMBER OF REGIONS+1 ON
EACH OF THE REGIONS LISTED

MAXIMUM NUMBER OF RECORDS ON
RESTART FILE FOR ONE SECTOR

MAXIMUM NUMBER OF RESIDENTIAL
TECHNOLOGIES TO BE AFFECTED BY DSM

MAXIMUM NUMBER OF SEASONS

NUMBER OF SECTORS

MAXIMUM NUMBER OF TECHNOLOGIES
AFFECTED BY ONE DSM PROGRAM

MAXIMUM NUMBER OF TO TECHNOLOGIES
AFFECTED BY ONE DSM OPTION

MAXIMUM NUMBER OF SEGMENTS PER
SEASON IN EFD LDC

NUMBER OF CENSUS DIV. USED IN
RESIDENTIAL DEMAND SUBMODULE

NUMBER OF CENSUS DIVISIONS USED IN
TRANSPORTATION SECTOR DEMAND
MODULE

NUMBER OF ENERGY FORMS USED FOR
RESIDENTIAL COOLING

20

88

1600

10

8784

14

4520

37

12

100
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NEFDRY NUMBER OF ENERGY FORMS USED FOR 2
RESIDENTIAL DRYERS

NEFELDV NUMBER OF ENERGY FORMS USED FOR 9
ELECTRIC LIGHT DUTY VEHICLES

NEFHTR NUMBER OF ENERGY FORMS USED FOR 7
RESIDENTIAL HEATING

NEFRAIL NUMBER OF ENERGY FORMS USED FOR 3
RAILROADS

NEFSHT NUMBER OF ENERGY FORMS USED FOR 7
RESIDENTIAL SECONDARY HEATING

NEFSTO NUMBER OF ENERGY FORMS USED FOR 3
RESIDENTIAL STOVES

NEFWHR NUMBER OF ENERGY FORMS USED FOR 4
RESIDENTIAL HEATING

NUMCTCE NUMBER OF ELEMENTS IN COMMERCIAL 3
TECHNOLOGY CODE

NYRESTC NUMBER OF YEARS ON COMMERCIAL 26
RESTART FILE

NYRESTR NUMBER OF YEARS ON RESIDENTIAL 25
RESTART FILE

NYRRD NUMBER OF YEARS USED IN RESIDENTIAL 26
DEMAND SUBMODULE

NYRTR NUMBER OF YEARS USED IN 26
TRANSPORTATION SECTOR DEM. MODULE

RES RESIDENTIAL SECTOR INDEX 1

TNSEEFD MAXIMUM TOTAL NUMBER OF SEGMENTS 18
IN ALL SEASONS IN EFD LDC

TRA TRANSPORTATION SECTOR INDEX 4

3.0 Input Variables From Other EMM Submodules

3.1 Data imported to LDSM from the Electric Financial and Pricing Module

Table 3.1 Data Accessed through the Common Blocks of the EFP Module

VARIABLE UNITS IND.1 IND.2 IND.3
SPECIFIC.

VARIABLE COMMON
NAME BLOCK
NAME
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EPRICE CA Electricity Price $/kWh sector index system I8ERC
(1 - Resid. function regions
2 - Commer. (4 - total)
3 - Indust.
4 - Transp
5 - Total)
NERCregions are assumed to be in the following order:
1=ECAR
2=ERCOT
3 =MAAC
4 = MAIN
5=MAPP
6 =NY
7=NE
8=FL
9=STV
10 =SPP
11 = NWP
12=RA
13=CNV
3.2 Data imported to LDSM from the Electric Capacity Planning Module
Table 3.2 Data uploaded from the ECP solution
VARIABLE NAME COMMON VARIABLE UNITS IND.1 IND.2
BLOCK NAME SPECIFIC.
EPAVOID BILDOUT Electric Supply min$/GW Blocks of the Years in the
Avoided Costs ECPLDC ECP time
horizon
DSMPRCHOICE DSMTFECP Choice of DSM 1 EMM regions DSM
programs made programs

by ECP
3.3 Data Imported to LDSM from the UTIL module

Table 3.3 Data accessed in the common
blocks of UTIL module

VARIABLE NAME COMMON VARIABLE UNITS IND.1 IND.2
BLOCK NAME SPECIFIC.

XQELRE MXQBLK Foresight of Trill. Btus Census Div. Years 1990-
Residential 2015
Sector Demand

XQELCM MXQBLK Foresight of Trill. Btus Census Div. Years 1990-
Commercial 2015
Sector Demand

XQELIN MXQBLK Foresight of Trill. Btus Census Div. Years 1990-
Industrial Sector 2015
Demand
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XQELTR MXQBLK Foresight of Trill. Btus Census Div. Years 1990-
Transportation 2015
Sector Demand
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4.0 Input Variables From Other NEMS Models
4.1 Data imported to LDSM from the Residential Demand Foecasting Model
LDSM imports data from the Residential Demand Forecasting Model by three different means:

1) Reading theRESTART file, developed by the Residential Forecasting Model in the run with the
LDSM being switched off (translated into the direct access file format b)RBIEGENprogram)

2) Direct accessing Residential Demand Forecasting Model common blocks

3) Utilizing copies of some parts of the Residential Demand Forecasting Model code (aupiguke
LDSM code) that contain hardwired data items

Data items imported in the above ways are specified below.

Table 4.1.1 Data items supplied by the residential RESTARTile

VARIABLE VARIABLE SPECIFICATION UNITS INDEX. INDEX2  INDEX3  INDEX 4
NAME
HTRADD HEATING ADDITIONS #OF YEARS  12EQ. 3BUILD. 9 CENSUS
APPL. 1991- TYPES (*) TYPES DIV.
2015
HRP HEATING REPLACEMENTS #OF YEARS  12EQ. 3BUILD. 9 CENSUS
APPL. 1991- TYPES (*) TYPES DIV.
2015
HNUEC HEATING UEC'S thousand YEARS 11 EQ. 3BUILD. 9 CENSUS
Btu/a 1991- TYPES (*) TYPES DIV,
2015
NHTRSHR HEATING MKT. SHARE 1 YEARS 29 EQ. 3 9 CENSUS
1990- TECH. BUILD.T  DIV.
2015 &) YPES
HEFF HEATING EFFICIENCY 1 29 EQ.
TECH.
**)
HCN HEATING CONSUMPTION thousand YEARS 9 CENSUS
Btu/a 1990- DIV.
2015
CLADD COOLING ADDITIONS #OF YEARS 3 EQ. 3BUILD. 9 CENSUS
APPL. 1991- TYPES TYPES DIV.
2015 ()
CRP COOLING REPLACEMENTS #OF YEARS 3 EQ. 3BUILD. 9 CENSUS
APPL. 1991- TYPES TYPES DIV.
2015 ()
CNUEC COOLING UEC'S thousand YEARS 3 EQ 3 9 CENSUS
Btu/a 1991- TYPES BUILD.T  DIV.
2015 (%) YPES
NRACSHR RAC MKT. SHARE 1 YEARS  3BUILD. 9
1990- TYPES CENSUS
2015 DIV.
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NCACSHR

CEFF

COOLCN

H20ADD

WRP

WNUEC

NH20SHR

WEFF

WCN

REFADD

RRP

RNUEC

NREFSHR

REFF

REFCON

FRZADD

FRP

CAC MKT. SHARE

COOLING EFFICIENCIES

COOLING CONSUMPTION

WATER HEAT. ADDITIONS

WATER HEAT. REPLACEM.

WATER HEAT. UEC'S

WATER H. MKT. SHARE

WATER H. EFFICIENCIES

WATER H. CONSUMPTION

REFRIGERATORS ADDIT.

REFRIGERATORS REPL.

REFRIGERATORS UEC'S

REFRIG. MKT. SHARE

REFRIGER. EFFICIENCY

REFRIG. CONSUMPTION

FREEZERS ADDITIONS

FREEZERS REPLACEM.

thousand
Btu/a

# OF
APPL.

# OF
APPL.

thousand
Btu/a

thousand
Btu/a

#OF
APPL.

# OF
APPL.

thousand
Btu/a

thousand
Btu/a

# OF
APPL.

# OF
APPL.

YEARS
1990-
2015

9 EQ.
TECH. (-

YEARS
1990-
2015

YEARS
1991-
2015

YEARS
1991-
2015

YEARS
1991-
2015

YEARS
1990-
2015

9EQ.
TECH.
(++)

YEARS
1990-
2015

YEARS
1991
-2015

YEARS
1991-
2015

YEARS
1991-
2015

YEARS
1990-
2015

5EQ.
TECH.
(+++)

YEARS
1990-
2015

YEARS
1991-
2015

YEARS
1991-
2015

3 BUILD.
TYPES

9 CENSUS
DIV.

4EQ.
TYPES
+)

4EQ.
TYPES (+)

4EQ.
TYPES (+)

9EQ.
TECHN
(++)

9 CENSUS
DIV.

3 BUILD.
TYPES

3 BUILD.

TYPES

3 BUILD.
TYPES

5EQ.
TECHN.
(+++)

9 CENSUS
DIV.

3 BUILD.
TYPES

3 BUILD.

TYPES

9
CENSUS
DIV.

3 BUILD.
TYPES

3 BUILD.

TYPES

3 BUILD.
TYPES

3 BUILD.
TYPES

9
CENSUS
DIV.

9
CENSUS
DIV.

9
CENSUS
DIV.

3 BUILD.

TYPES

9
CENSUS
DIV.

9
CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.
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FNUEC FREEZERS UEC'S thousand YEARS 3 BUILD. 9

Btu/a 1991- TYPES CENSUS

2015 DIV.

NFRZSHR FREEZERS MKT. SHARE 1 YEARS 3 EQ. 3BUILD. 9 CENSUS
1990- TECHN. TYPES DIV.
2015 (@)

FEFF FREEZERS EFFICIENCY 1 3EQ.
TECH.
(@)

FRZCON FREEZERS CONSUMPTION  thousand YEARS 9 CENSUS

Btu/a 1990- DIV.

2015

It is assumed that the definition of CENSW®isions is exactly the same as in the rest of BHEMS system.
3 building types are:

1 = Single family homes
2 = Multi family homes
3 =Mobile homes

(*) 12 heating equipment types are:
1 = Electric Furnace
2 =Heat Pump
3 =Electric Other
4 = Gas Furnace
5 = Gas Radiator
6 = Gas Other

7 = Kerosene Furnace

8 =LPG Furnace

9 = LPG Other
10 = Oil Furnace
11 = Oil Other

12 = Wood Stoves

(**) 29 heating equipment technologies are:
= Electric Furnace
= Heat Pump

= Heat Pump

= Heat Pump

= Electric Other

= Gas Furnace

= Gas Furnace

= Gas Furnace

= Gas Radiator
10 = Gas Radiator
11 = Gas Radiator
12 = Gas Other

13 = Gas Other

14 = Gas Other

O©CoO~NOOOTA~,WNPE
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15 = Kerosene Furnace
16 = Kerosene Furnace
17 = Kerosene Furnace
18 = LPG Furnace

19 = LPG Furnace

20 = LPG Furnace

21 = LPG Other

22 = LPG Other

23 = LPG Other

24 = Oil Furnace

25 = Oil Furnace

26 = Oil Furnace

27 = Oil Other

28 = Oil Other

29 = Qil Other

(***) 3 cooling equipment types are:
1=RAC
2=CAC
3 = HP (for cooling)

(-) 9 cooling equipment technologies are:
1=RAC

2=RAC
3=RAC
4=CAC
5=CAC
6 =CAC

7 = HP (for cooling)
8 = HP (for cooling)
9 = HP (for cooling)

(+) 4 water heating equipmetypes are:
1 = Natural Gas

2 = Electric
3 =Fuel Ol
4 =Liq Pet Gas

(++) 9 waterheating equipment technologies are:
1 = Natural Gas
2 = Natural Gas
3 = Natural Gas

4 = Electric
5 = Electric
6 = Fuel Oil
7 = Fuel Oil
8 = Liq Pet Gas
9 = Liq Pet Gas

(+++) 5Srefrigeration equipment technologies are:
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1 = Refrigerator 1
2 = Refrigerator 2
3 = Refrigerator 3
4 = Refrigerator 4
5 = Refrigerator 5

(@) 3 freezer equipment technologies are:

1 Freezer 1
2 Freezer 2
3 Freezer 3

Table 4.1.2 Data Directly Accessed in the Common Blocks of the Residential Demand Model

VARIABLE NAME

HTRCON

COOLCN

H20CON

REFCON

FRZCON

LTCON

APCON

CKCON

DRYCON

SHTCON

DSMrNumuUnitChange

COMMON

BLOCK NAME

HTCN

CLCN

HWCN

RFCN

FZCN

LTC

APC

CKCN

DRYCN

SHC

DSMTFRES

VARIABLE

SPECIFICATION

HEATING
DEMAND

COOLING
DEMAND

W. HEATING
DEM.

REFRIGERAT.
DEMAND

FREEZERS
DEMAND

LIGHTING
DEMAND

APPLIANCES
DEMAND

STOVES
DEMAND

DRYERS
DEMAND

SUPPL. HEAT.
DEMAND

POSTsm NO.
OF
APPLIANCES IN
THE "TO"
TECHS.

INDEX 1

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

MMBtu/a

# OFAPPL.

INDEX 2

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

YEARS
1990-2015

INDEX ON
THE LIST
OF DSM
OPTIONS
CHOSEN
IN THE
PREVIOUS
YEAR

INDEX 3

FUEL TYPE
ELEC.=7

FUEL TYPE
ELEC.=3

FUEL TYPE
ELEC.=4

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

FUEL TYPE
ELEC.=3

FUEL TYPE
ELEC.=2

FUEL TYPE
ELEC.=7

INDEX 4

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

9 CENSUS
DIV.

It is assumed that the definition of census divisions is exactly the same as in the resNeMSsystem.

VARIABLE NAME

EquipLife

Table 4.1.3 Residential Data Hardwired in the Code

VARIABLE SPECIFICATION

Lifetime of equipment

UNITS

a

INDEX 1

dchnology

group

INDEX 2

Technology

type
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Cost Cost of purchase of equipment $/ITEM Technology Technology
group type

Technology groups are:
1 = Heating

2 =Cooling

3 = Water Heating

4 = Refrigerators

5 = Freezers

Technology types are:

In heating:

1 = Electric Furnace
2=HeatPump 1

3 = Heat Pump 2

4 = Heat Pump 3

In cooling:
1=RAC1
2=RAC2
3=RAC3
4=CAC1
5=CAC2
6 =CAC3

7 =Heat Pump 1
8 = Heat Pump 2
9 = Heat Pump 3

In water heating:
4 = \Water Heater 1
5 = Water Heater 2

In refrigerators:

1 = Refrigerator 1
2 = Refrigerator 2
3 = Refrigerator 3
4 = Refrigerator 4
5 = Refrigerator 5

In freezers:

1 =Freezerl

2 = Freezer 2

3 = Freezer 3

4.2 Data imported to the LDSM from the Commercial Demand Forecasting Module

LDSM imports data from the Commercial Demand Forecasting Module in two ways:
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1)

Reading theRESTARTfile, developed by the Commercial Forecasting Model in the run with the

LDSM being switched off (translated into the direct access file format bRBEGENprogram)

2)

Table 4.2.1 Data Read from the Commaegial Binary RESTART File

VARIABLE NAME

CMnumLiveElecEquip

CMLiveElecEquipID

CMLiveElecEquipSD

SECELC

VARIABLE

SPECIFICATION

Total count of live elec.

equip. types

Technology and vintage

subscripts from the
KTECH technology
characterization table,
uniquely identifying
equip. type

Absolute amount of
service demand

Electridemand from
the entire sector

UNITS

rill. Btu/a

illion
Lumen
Years

Till.
Btu/a

IND.1 IND.2
9 11
CENSUS  Build.
DIV. types
9 11
CENSUS  Build.
DIV. types
9 11
CENSUS  Build.
DIV. types
9 YEAR
CENSUS S
DIV. 1990-
2015

IND.3

6
Services

6
Services

6
Services

Direct accessing Commercial Demand Forecasting Module common blocks

IND.4 IND.5 IND.6
YEARS
1990-
2015
30 max. techn.YEARS
number  vintage  1990-
of 2015
equip.
types
30max. Dec. YEARS
number  type: 1990-
of 1 New 2015
equip. 2 Repl.
types 3 Retr.

It is assumed that the definition of CENSW®isions is exactly the same as in the rest of BHEMS system.

11 building types are:

1 = small offices
2 = large offices
3 =restaurants

4 = retail

5 =groceries

6 = warehouses
7 = schools

8 = colleges

9 = health service
10 = lodging

11 = miscellaneous
6 services are:

1 = space heating
2 = space cooling
3 = water heating
4 = ventilation

5 = cooking

6 = lighting
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Table 4.2.2 Data Directly Accessed in the Common Blocks of the Comnmal Demand Module

VARIABLE NAME

TechEff

TechCost

TechLife

CapacityFactor

EndUseConsump

DSMcServDemChange

4.3

COMMON
BLOCK
NAME

KDAT

KDAT

KDAT

KDAT

COMPARM

DSMTFCOM

VARIABLE
SPECIFIC.

Equipment
efficiency

Unit
installed
capital cost
per unit of
actual
capacity

Annual
O&M cost
per unit of
theoretical
capacity

Averagdife
expectancy
of
equipment

Capacity
factor of
equipment

End-use
electricity
consumption

Post-DSM
amount of
service
demand
being
satisfied by
the "TO"
technologies

UNITS

$/(thousand
Btu of
S.D./h) or
$/(billion
Lu*a/h)

$/(thousand
Btu of
S.D./h)/aor
$/(billion
Lu*a/h)/a

Trillion
Btu/a

rillT Btu/a
omBillion
Lumen
Years/a

IND.1

9
CENS.D
IV.

techn.
index

techn.
index

9
CENS.D
IV.

Fuel
index
elec.=1

Index
onthe
list of
DSM
options
chosen
inthe
previous
year

IND.2

6 serv.

vint.
index

vint.
index

11
build.

types

6 serv.

Data imported to LDSM from the Industrial Forecasting Module

IND.3 IND.4
techn. vint.
index index
1=cap.
2=0M
6 serv.
11 9
build. CENS.
types DIV.

IND.5

YEAR
1990-
2015

Currently the entire industrial sector demand is represented as one end-use. HhDSMris

capable to represent the sector more preciselgcas as appropriate data becomes availftoe the

Industrial Demand Forecasting Module.
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Table 4.3 Data accessed in the common blocks of the Industrial Demand Forecasting Module

VARIABLE
NAME

QELIN

4.4 Data imported to LDSM from the Transportation Forecasting Module

COMMON BLOCK

VARIABLE

SPECIFICATION

QBLK

Total industrial

electricdemand

UNITS

Trillion Btu/a

IND.1

9 CENSUS
DIVISIONS

IND.2

YEAR$990-2015

Table 4.4 Data Accessed in the Common Blocks of the Transportation Demand Module

VARIABLE
NAME

TRQLDV

TRQRAILR

COMMON VARIABLE UNITS

BLOCK NAME SPECIFICATION

TRANREP LightDuty Vehicles  Trillion Btu/a
Energy Use

TRANREP RailRoad Energy fillion Btu/a

Use

5.0 Variables from External Sources

Variable Name

DISTLO

MONTYP

JDAYTP

WEIGHT

NODAYS

NODAYT

NMONTH

NOSEA

DIR.1

Fueindex

elec.=6

Fuelindex

elec.=1

Table 5 Input Variables from External Soruces

Description

HOURLY LOAD
SHAPE

SEASON
ASSIGNMENT OF
MONTH

DAY-TYPE
ASSIGNMENT FOR
EACH DAY

WEIGHTS
INDICATING
NUMBER OF DAYS
REPRESENTED BY
EACH DAY IN
CALENDAR

NUMBER OF DAYS
IN EACH MONTH

NUMBER OF
DAY-TYPES

NUMBER OF
MONTHS

NUMBER OF
SEASONS

Ind.1 Ind.2

hoursin
ayear

month

day month

day month

month

Units

Data
Source

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

IND.2

9CENSUS

IND.3

YEARS

DIVISIONS 1990-2015

Common
Block

none

DSMCLn

DSMCLn

DSMCLn

DSMCLn

DSMCLn

DSMCLn

DSMCLn

Input File
Name

LDSMDAF

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR
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IDAYTQ

MONAME

SENAME

DTNAME

RprogCode

CprogCode

RtechNumb

CtechNumb

Rtechcode

CtechCode

RtechDMtn

RtechDMG

RtechDMT

RRIistN

CRIistN

RRlistID

NUMBER OF REAL day
DAYS WHICH ARE
REPRESENTED BY
DAYTYPE IN A

MONTH

MONTH NAMES month

SEASON NAMES seasone

DAY-TYPE NAMES day-type

list of codes DSM
identifying program
Residential DSM

programs

list of codes DSM
identifying program
Commercial DSM

programs

number of residential
technologies that may
be affected by DSM

number of
commercial
technologies that may
be affected by DSM

list of residential technol.

technology codes

list of commercial technol.
technology 3-element

codes

number oDEMAND
MODULE
technologies
represented by one
LDSM technology

technol.

list oftechnology technol.

group indicies

list oftechnology technol.
indicies within techn.

groups

number of region
groups used during
residential DSM
option definition

number of region
groups used during
commercial DSM
option definition

list identifiers for list
residential sector

month 1

elem. of 1
code

dem. -
mod.
tech.

dem. -
mod.
tech.

RELOAD
database

RELOAD
database

RELOAD
database

RELOAD
database

DSMCLn

DSMCLc

DSMCLc

DSMCLc

DSMOPc

DSMOPc

DSMOPI

DSMOPI

DSMOPc

DSMOPc

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPc

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR
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CRlistID

RdecTYPn

CdecTYPn

RdecTYPid

CdecTYPid

RbuildTn

CbuildTn

RbuildTid

CbuildTid

DSMROptionNumb

DSMROptionCode

DSMROptionRegion

DSMROptionBuildT

DSMROptionDecType

DSMROptionFromTnum

DSMROptionFromTech

DSMROptionDTnum

DSMROptionToTech

list identifiers for
commercial sector

number of decision
types in residential
sector

number of decision
types in commercial
sector

decision type
identifiers in
residential sector

decision type
identifiers in
commercial sector

number of building
types in residential
sector

number of building
types in commercial
sector

building types
identifiers in
residential sector

building types
identifiers in
commercial sector

Number of DSM
options available for
residential sector

vector of residential
sector DSMOption
code names

# of list ofegions to
which the option
applies

# of building type to
which the option
applies

# of decision type to
which the option
applies

number 6fROM
technologies affected
by option

indices 6fROM
technologies

number of TO
technologies affected
by option

indices of TO
technologies

list

dec. type

dec. type

build.
type

build.

type

option

option

option

option

option

option technol.

option

option technol.

DSMOPc

DSMOPI

DSMOPI

DSMOPc

DSMOPI

DSMOPI

DSMOPI

DSMOPc

DSMOPI

DSMOPI

DSMOPc

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR
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DSMROptionCost

DSMROptionFyr

DSMROptionRamp

NRPROG

DSMCOptionNumb

DSMCOptionCode

DSMCOptionBuildT

DSMCOptionDecType

DSMCOptionFromTnum

DSMCOptionFromTech

DSMCOptionDTnum

DSMCOptionToTech

DSMCOptionCost

DSMCOptionFyr

DSMCOptionRamp

NCPROG

PAYBACK

8)

a=annum

Marketing/administrat
ive costs of option
/kWh saved

firstyear when the
option is available
index

number of ramp-up
years for the option

number of residential
DSM programs

Number of DSM
options available for
commercial sector

vector of commercial
sector DSM option
code names

building type to
which the option
applies

decision type to
which the option
applies

number GfROM
technologies affected
by option

FRONEechnology
KTECH codes for
option

number of TO
technologies affected
by option

TO technology
KTECH codes for the
option

Marketing/administrat
ive costs of the option

firstyear when the
option is available

number of ramp-up
years of the option

number of
commercial DSM
programs

DSM option pay-back
period

option

option

option

option

option

option

option

option

option

option

option

option

option

elem. of
code

elem. of
code

$/kWh El.Utility

Survey

$/kWh EL.Utility

&

Survey

El.Utility
Survey

DSMOPr

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPc

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPI

DSMOPr

DSMOPI

DSMOPI

DSMOPI

DSMOPI

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR

LDSMSTR
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6.0 Output Variables Calculated Within Submodule

Variable Name

DSMNPROG
DSMPRCST

DSMPRLIM

ECPLDCBH

ECPLDCBS

ECPLDCBW

ECPnumSg

ECPsgDblock

ECPsgDbltyp

ECPsgDnB

DSMrOptionsNumber

DSMrOptionindex

DSMrFracOptionMarket

DSMcOptionsNumber

DSMcOptionindex

Table 6 Output Variables Calculated Within Submodule

Description Indicies Units Subroutine Output
To
number of DSM programs to be considered 1 DSMRST ECP
DSMorogram costs program start $min DSMPCIM ECP
year, EMM
region, DSM
program
DSM program load impact dimentions: prograart GW DSMPRGL ECP
program staryear, program year, region, year, program
LDC block, program # year, EMM
region, LDC
block, DSM
program
ECP LDlock heights year of ECP GW DSMLCP ECP
time horizon,
EMM region,
LDC block
ECP LDMlock segment assignement year of ECP - DSMLCP ECP
time horizon,
EMM region,
LDC block
ECP LDlock widths year of ECP a DSMRST ECP
time horizon,
EMM region,
LDC block
Number of segments in LDC for ECP module 1 DSMRST ECP
%% of hours allocated to blocks in each ECP segment, 1 DSMRST ECP
segment block in the
segment
type peak/non-peak of a block ECP segment, - DSMRST ECP
block in the
segment
Number of blocks imach of segments of ECP segment DSMRST ECP
ECP LDC
number of DSM options chosendach of CENSUS div. DSMECP2 RES.
CENSUS div. 1 DEM.
list oindices of DSM options chosen by ECP  DSM option - DSMECP2 RES.
DEM.
optimal fraction of the maximum tech. shift DSM option 1 DSMECP2 RES.
DEM.
number of chosen DSM options CENSUS div. 1 DSMECP2 COMM.
DEM.
list ofndices of chosen DSM options DSM option - DSMECP2 COMM.
DEM.
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EFDLDCYC load coordinates of EFD LDC data points EMM region, GW DSMEFD EFD
EFD seasone,
EFD LDC block
EFDLDCPR EFD LDCdata point ranks in segments EMM region, - DSMEFD EFD
EFD seasone,
EFD LDC block
EFDLDCSA EFD LDCdata point segment assignement EMM region, - DSMEFD EFD
EFD seasone,
EFD LDC block
EFDLDCBW EFD LDCblock widths EFD seasone h DSMEFD EFD
EFDnS number of EFD seasons 1 DSMRST EFD
EFDnumBI number of blocks in EFDDCs EFD seasone 1 DSMRST EFD
EFDnumSeg number of segments in EEDCs EFD seasone 1 DSMRST EFD
DSMcFracOptionMarket optimal fraction of the maximum tech. shift DSM option 1 DSMECP2 COMM.
DEM.
SecLoad current year sectoral load sector,year GWh DSMEFP EFP
SecAnnulPeak Coincident/Noncoincident sectoral annual year,sector, GW DSMEFP EFP
peak conicident/non-
conicident
SecAnnPeaAvPCP vereges of sectorial loads from top NpeakH year,sector GW DSMEFP EFP
system peak hours
NpeakH number of hours used for calculation of 1 DSMEFP EFP
SecAnnPeakAvPCRalues
DSMAnnualCost Annual DSM costs by sector year,sector $min DSMEFP2 EFP
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APPENDIX D

Quiality of Data and Estimation

Most of the data processed by LDSMiisported from the other modules of tiNEMS system. The
only direct inputs to th& DSM include:

End-use Load Shape Representations

Historical System Load Shape Representations for the EMM regions
Transmission and Distribution Loss Factors for the EMM regions
DSM Option Database

Payback Acceptance Curves

End-Use Load Shape Representations

The majority of the end-use Load Shape Representations (LSRs) utiliZdd$M werederived
from the EPRI RELOAD database. Thilatabase provides a library of residential, commercial and industrial
load shapes that were developed based on metered data collected by various electric utilities, as well as from
engineering simulations.

The base part of the residential and commercial portion oREEOAD library contains the load
shape data assembled in the CustoResponse portion of tHePRI's DSM project and documented&RRI
document EM5676, V.1. The data was supplied by BonneWbaer Administration (BPA), Tennessee
Valley Authority (TVA) and ConsumerBower Company (CPCo). The library was later supplemented with
data that originated from Sthern California Edison and Pacific Gas and Electric. The industrial load shape
data included in th&@ELOAD database originated from Batelle-Columbus and was gathered for the EPRI
DSM Customer Response Project on industrial reference load shapes and DSM impacts.

Because th®ELOAD data base did not provide the transportation end-use LSRs, the LSRs for the
two electric end-uses modelled in the sector (electric vehicles and electric trains) were develepedn the
information available at ICF Resources Inc.

Historical System Load Shape Representations for the EMM Regions

The historicakegional system LSRwere developed from availabl®90 EIA loaddata. The LSRs
used by LDSM represent regional system load patterns with 36 distinct 24-hour load profiles -- one for each
of the three day-types (week-day, week-end, and peak-day) for each of the 12 months in a year. The LSRs
were developed frorhistorical data using thELM-PC software package.

Transmission and Distribution Loss Factors for the EMM regions

The transmission and distribution loss factors currently utilizedJhpSM are based on 1990
electric sales and electric generation data available £t
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DSM Option Database

Several data swces weraised to derive the DSM Option Database. These sources are documented
below.

From and To Technologies

The DSM Option database was developed to identify the set of DSM programs which are being
offered or potentially could be offered by electric utilitié®., the "from" and "to" technologies IDDSM.
This set was developed to be consistent with the equiprheintes available from the Demand Modules. The
sources for the DSM programs was an agtee review ofxisting government and private utility reports and
databases on DSM options. The primary sources for these prograraslectric Power Researtftstitute
documents, the DSM database developeslfaport the Electric and Gas Utility Modeling SystéBGUMS)
for the U.S. EPA, anélectric utility Integrated Resource PlanniiRP) reports. The key IRP reports were
those filed by NewEngland Electric System, New York State Electric and Gas, PacifiCorp, Duke Power,
Kentucky PowerCincinnati Gas and Electric, and Pacific Gas and Electric. In addition, technology reports
from the Bonneville PoweAdministration, the Northwest Power Planning Council, and Lawrence Berkeley
Lab wereused to further define possible DSM programs.

Load Shape Choice

Each of the "From" and "TO" technologies that defined the DSM options was assigned a load shape.
These load shapes were chosen from the@AD database and were selectssed on the building type and
the technology characteristics.

Administrative Costs

Administrativecostswere derived from th&EGUMS DSMdatabase. The.S. EPA revieweditility
DSM reports and plans, and reports produced by the American Council for an Energy Efficient Economy
(ACEEE) toderive levelized costs associated with specific residential, commercial, and industrial program
types. However, there is nosingle, quality source of information of utility administrative costs at the end-
use or customer sector level. Further work willdmnducted to enhance the quality of the administrative cost
data. Possible data sources include Form EIA-861, and&IEP project being managed dyawrence
Berkeley Lab foiDOE.

Ramp-Up Periods

Each DSM program is assumed to follow a set market penetration pattern. The duration of time
before the program achieves maximum market acceptance is termed the ramp-up period. The length of time
assumed for theDSM database was derived from reviewAECEEE, EPRI, anditility IRP plans.

Payback Acceptance Curves

Payback acceptance curves associate the economic attractiveness of a DSM option (measured in
terms of simplepayback) to maximum market acceptance. A variety of sources were examirpas&ible
acceptance curves. These sources inclBBRI, A.D. Little papers, and the acceptance curves used in
Synergic Resources Corption's COMPASS model. For thmurrent version of the model we used the curves
published by Synergic Resources Corporation.
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FIGURE B-1
LDSM AND ITS EXTERNAL DATA COMMUNICATION
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FIGURE B-2 LDSM | NFORMATION FLOWS
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FIGURE B-5
FLowcHART OF ELLDSM SUBROUTINE AND FUNCTION C ALLS

UTIL

Calls ELLDSM

'

ELLDSM

LDSM main routine

'

Figure B-4: Flowchart of ELLDSM SUBROUTINE and FUNCTION calls
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no SUBROUTINE calls
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no SUBROUTINE calls '
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Sort a REAL
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FIGURE B-6

FLowcHART OF DSMSTR SUBROUTINE AND FUNCTION C ALLS
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FIGURE B-7

FLowcHART oF DSMFOR SUBROUTINE AND FUNCTION C ALLS

/
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no SUBROUTINE calls
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FIGURE B-8
FLowcHART oOF DSMHLM SUBROUTINE AND FUNCTION C ALLS

DSMHLM
DSMNWS DSMQSR
Add up an end-use Sort a REAL
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load curve
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FIGURE B-9

FLowcHART oF DSMECP1 SUBROUTINE AND FUNCTION C ALLS
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FIGURE B-10

FLowcHART oF DSMEFP2 SUBROUTINE AND FUNCTION C ALLS

DSMEFP2
Y
DSMREBR DSMREBC
Calculate current REBATE Calculate current REBATE
for a RESIDENTIAL for a COMMERCIAL

sector DSM option

sector DSM option

*lv

DSMNVAL
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1. N - This refers t&eCAR, MAAC, MAIN, MAPP, NY, NE, and NWP EMMegions
S - This refers t&RCOT, FL, STV, SPP, RA, and CNV EMkégions
A - This refers to all EMM regions

2. DSM options with "N" at the end of the name apply REW" stock purchases, while alther DSM options apply ttEXIST
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