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1. INTRODUCTION

The goai of this LBL project is to deveiop tools and procedures that measure the financial
impacts of load shape csanges on uuiity ratepayers and sociery. In this appiication. we study the
financial impacts of poiicies that raise the efficiencies of residendal appiiances. The analysis is
based on detailed forecasts of energy use by computer simulation modeis geveioped at LBL. These
models disaggregate both annual energy use and hourly system eiectric ioads at the end-use level
for the residential sector. This detail is essential for caicuiating production and capacity cost
benefits, and tariff-class-specific revenue changes. Avoided coss are caleniated independently with
a production cost simuiation model developed for the Electric Power Research Institute. We are
thus able to combine several analytieal procedures commoniy empioyed by the indusiry indepen-
dent of one another to vield an integrated assessment of the financial impacts of load shape
changes.

This report is the technical documentation for cur ease study of the Nevada Power Company
(NPC). It provides the interested reader with the underlying assumptions and modeling pro-
cedures used to assess the financial impacts of policies that increase the eficiency of residential
appliances. A separate document describes cur overall methods and conciusions (Kahn, 1988a).

The NPC case study is the fourth in a series of five utility case studies performed by LBL.
In addition to NPC. LBL has examined the financial impact of load shape changes on the Detroit
Edison Company, the Pacific Gas and Electric Company, the Virginia Tlectric and Power Com-
pany, and the Texas Uilities Electric Company (Kahn, 1884: Pignone. 1884; Eto. 1984a: Eto,
1984b, Eto 1986).

We remind the reader that the present study is of a simpiified and stylized characterization
of the Nevada Power Company. Even a simplified chararterization of an edectric utility, however,
requires substantial daia 1o run the models and to calculate finaneial impacts. We were fortunate
in choosing NPC as a case study becanse of the ready availabilicy of the necessary demand, load,
and supply data in an easily accessed formai. NPC stafl members were sxtremely helpful in pro-
viding the buik of this iniormation as well as timely advice and guidance.*

The outline of the report is as follows. In the first section. we provide the setting for our
case study with a deseripuion of the utility and details regarding the appiiance efficiency standards.
In the next section, we describe the energy forecasting and hourly load models. The emphasis in
this section is on data sources and input assumptions, and on procedures developed to calibrate
the models to historic records of sales and demands. The section conciudes with a summary of the
load shape impacts forecast by the modeis. The following section describes the valuation of the
energy and demand impacts. We consider both ratepayer and societal perspectives. Much atten-
tion is devoted to the benchmarking process for the production cost model used to develop an
independent forecast of avoided costs. The final section summarizes the resaits of our case study.

1 We are espeaiaiiy graiefui for the eflorts of Mr. Larry Tamashiro, Mr. Fraak Losdes. Ms. Cindy Gilliam,
Mr. Roa Zanosd, 3ad M. Dessae Nelson
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2. BACKGROUND

This section provides an intwroduction to the case study by summarining major [eatures of
the utility and the appliiance eficiency poiicies.

21 NEVADA POWER COMPANY

The subject of our case study is the residential elass of the Nevada Power Company (NPC).
NPC is Jocated in the southwestern part of the US. The service territory is rougnly defined by
the boundaries of Clark county, Nevada (see Figure 2-1).

NPC is a relatively small electric udility. Total sales in 1984 were 8572 GWh and peak
demand was 1502 MW. By contrast. the corresponding figures for the subjecs of our companion
case study, Texas Utifities Electric Company (TUEC]), are roughly ten times larger. The NPC
residential class, bowever, comprised 445 of NPC sales, while that of TUCEC represented 23% of
total sales.

NPC anticipates continued surong demand growth into the 1990’s. According w the Base
Case in the 1984 Resoarce Plan, energy is expected to increase at 3.7 /year through 1999, and
peak demands are expected 1o grow ai 3.8%/year over the same period (NPC, 1884). Together,
these predictions suggest that growth wiil come at the expense of further declines in an already
low load factor of 49.9°% in 1984. The driving forces are expected to come from the residential
and commercial classes. Given the large fraction of sales accounted for by the residential class,
we expecy that the load shape impacts of appliance efficiency policies will have direct conse-
quences on future system locad factors.

NPC costs are reiatively low compared to national averages. In 1985, residential elecuric
rates for 1000 kWh/mo were 0.058 $/kWh as compared to the national average for 1985 of 0.076
$/kWh (DOE, 1985). The utilicy is also in the process of phasing lower cost coal plants into the
generation mix. Between 1885 and 1999, Nevada Power expects coal-fired generauion to reduce oil
and gas generation from 14%% w0 6°C. We sxpect that these relatively lower costs will have impor-
tant consequences for our financiai anaivses of load shape modifications.

Figure 2-1 Nevada Power Company service territory.
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2.2 RESIDENTIAL APPLIANCE EFFICIENCY STANDARDS

In this case study. we examine the financial impacts of three appliance efficiency standards
starung in 1887. Tabie 2-1 compares the efficiencies mandated by each standard to existing appli-
ance efficiencies. Ensting eficiencies for 1985 are described by both a stock-average or existing
efliciency and a marginai or new appliance efficiency. These efficiencies are estimates based on a
forecast of the LBL Residenuai Energy Model. These estimates were derived by using NPC esti-
mates for appliance unit energy consumption in 1980 and 1984 (depending on the appliance—see
section 3), historical and projected fuel prices, and historical and projected per capita personal
income. They represent our best estimate in the absence of measured data. The high efficiency
of new gas ranges is the resuit of replacing pilot lights by electronic or sparking ignition devices.
Because in this case the pew appliance efficiency is so high, the standard has no effect on the
energy consumption of these appliances.

Level 8 refers to a set of appliance efficiencies that are life-cycle costw-effective based on a
naticn-wide analysis. Level 3/12 refers wo the same standard with the addition of an extremely
high efliciency cenwral air conditioner standard. Level 12/AC refers o the isolated case of raising
only room and central air conditioner efficiencies. These standards are imposed as minimum
efficiency requirements for new equipment.

Table 2-1. Appliance Eficiency Comparison

1085
Applance l Existing New | Level 8 Level8/12 Level 12/AC
Space Heating (AFUESE)
gas 84.35  71.45 | 85.72 85.72 -
oil 7508 78.77 | 90.98 90.98 -
o Condinee:
room (EER) 6.58 7.15 8.87 887 8.87
central (SEER) 7.08 728 | 842 12.00 12.00
Water Heaung (5c)
electric g1.01 8288 | $3.60 83.60 -
gas 5303 6261 | BL7S 81.75 -
Refrigerators {t°/kWh.d) | 4.08 8.64 | 11.28 11.28 -
Freeters (ft° AWh/d) | 98 1224 | 2234 2234 -
Ranges (%)
electric 39.40 £4.27 47.51 47.51 -
gas 1757 3157 | 2027 20.97 -
Dryer (dry ibs/kWh)
electric 2.71 200 | 298 296 -
gas (83412 Bta/kWh) 223 285 | 281 251 -

Source: Forecast of the LBL Residential Energy Model, using NPC data as inputs.
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3. MODELING LOAD .SHAPE CHANGES

We use two unique models. both deveioped at LBL. to forecast the load shape impaets of
poiicies that raise the efficiency of residential appliances. The first. the LBL Residentiai Energy
Modei (LELREM), forecasts annual residential eiectricity sales. by end-use and housing type. The
second. the LBL Residenual Hourly Demand and Peak Load Model, takes the oatput of the
energy model and disuibutes the annual data separately for each end-use over the hours of the
year. After describing the models in general terms. this section documents the Input assumptions.
bencamarxing procedures, and load shape {orecasts for our case study.

LBLREM combines engineering informasion (costs and efficiencies of products available for
parchase) and economic relationships (elasticities of demand separated into fuel choice, ediciency
choice. and usage decisions) to provide simulations of future energy consumption at the end-use
level. This approach considers the problem at a sufficient level of disaggregation to utilize
engineering information without neglecting the important economic determinants of market
bebavior. The major improvements over eariier models inelude: representation of recent equip-
ment efficiency trends: new techniques for forecasting future appliance efficiencies and annnal
appiiance replacements: and extension of the model to include heat-pump space-conditioning sys-
tems (McMahon, 1986). The input assumptions to the model are numerous and we devote section
3.1 1o a corzprehensive review of these data

The LBL Residential Hourly and Peak Demand Model is unique in represenung diversified
ead-use Josd profiles for each hour of the year; most end-use load models simulate oniv selected
day-cypes (Verzbinsky, 1984). The model is principally an engineering ool that disazgregates
annual end-cse electricity saies forecast by LBLREM into seasonal and houriy loads. Space-
conditioning end-use loads are dependent upon weather as weil as time of day. The inputs o the
model, in addition to the forecasts from the LBL Residential Energy Model, are hoarly weather
data and seasonal hourly load profiles by end-ese.

Togetder, these two models provide an integrated forecast of electricity sales and bourty
Joags for the residentiai sector. A fullv conssient forecast of electricity saies and lcads by sector
s unosual, even among electric ucilities. Most ntilities use either econometric models or load-
factor anaivsis to estimate peak loads. Comsequently, loads are often foreeast as a function of
sales. but without consistency between the end-use composition of sales and of load shapes. The
Residential Energy Model also foreeasts sales of alternative fuels (paturai gas, heating oid, LPG);
but. for studies of electric utilities, much less astention s given 1o these energy sources.

In operation, we first calibrate or benchmark the models to historical data on appliance
saturations and electricity usage per customer. This process is described in section 3.2. The out
put of these efforts is a forecast of sales and hourly demands for a base or reference case. In 1987,
appilance eficiency standards are imposed. The standards constrain the minimum applance
efficiency that the model can select. Since efficient appliances are more expensive. the model
predicts not only reduced comsumption per unit, but also a different pattern of appitance sales.
The load shape impacts of the appliance standards are measured by the differences between the
policy case and the base case. These impacts are summarized in section 3.3.
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31 INPUTS TO THE LBL RESIDENTIAL ENERGY MODEL

This section documents the data and asumptions used to mode] the residential class of the
Nevada Power Company. Specifically, the LBL Model requires data on:

appliance and heaung equipment sarurations and changes in thess saigrations over
time;

saturations of appiiances m new homes (marginal saturations or penetrations};

annual energy use of each appiiance in the base or other reference year:

number of househoids. historical and projected:

income per housenold, historical and projected;

residential {uel and electricity prices, historical and projected: and

the thermal integrity of housing units.

From these inputs, the model forecasts energy consumption for ten end-uses and three hous-
ing types for up to 25 years,

Our primary source of data was that used by the utility in developing its own forecasts. We
were fortunate that NPC had recently acquired software from the Electric Power Research Insti-
tute to develop its own end-use energy forecasis. The 1984 NPC Residential Survey Frequency
Report (NPC, 1985) and data contained in the documentation for the 1984 NPC Resource Plan:
19842005 (NPC, 1884) provided the buik of this information. Suppiementary data were gathered
through personal communicauons from the utility.
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3.1.1 Apphance Saturations and Marginal Snura.nons

Absormie and marginal appliance sasurations are summarized in Table 3-1. We wok the
appliance sazarations for 1980 from the NPC documents and chose marginal saturations so that
the LBL forecast of absoiute saturations for 1584 matched the NPC vaiues for 1984,

For water heaters. dryers and ranges, the NPC Residential Frequency Survey indicated thas
3 small pereentage of people either did not know whas fnel their appliance used. or owned appii-
ances that used other fuels (such as LP gas). For water heaters, these responses account for less
than four percent of the total: for dryers and ranges, less than one percent responded that they
did not know. We assdgned these appiiances to fueis in the same proportions as other respon-
dents, and consequenuy ignored the few appiiances that may use other fuels.

Table 3-1. Appliance Saturations and Marginal Saturations (% of total)

End-Use Appliance 1880 1984  Marginals
Heating Electric Furnace 0.340 0.380 0.500
Gas Furnace 0380 0.380 0.320
Oi] Furnace 0011 0.010 0.009
Heat Pump 0.110 0.100 0.0%:7
Electric Non-cemt 0079 0079 0.008
Gas Nop-cent 0079 0.071 0.004
Cooiizg Elect Cent A, C (exciuding heat pumps) 0770 0.730 0.580
One or more window A/C 0.052 0.048 0.020
Noge 0.071 0.098 0.290
Water Heat Electric 0490 0.450 0.160
Gas 0510 0.550 0.830
Cookizg Eleetric 0800 0610  0.620
Gas 0.400 0.390 0.3%0
Clothes Drying  Electric 0530 0.500 0.220
Gas 0200 0.200 0.200
Food Starage Refrigerator (avg # per household) 1170 1.180 1.200
Freezer 0250 0.320 0.800
Lighung Lighting 1.000 1.000 1.000

3.1.2 Applance Energy Consumption

The primary source of estimates for unit enerzy consumption (UEC) by appliance was 1920
data used 5y NPC in its forecasting models. An excepuon 18 the UEC for gas dryery, which was
obtained from the LBL fibrary of defanit values (DOE, 1983). Later, we received UEC’s for elec-
tric appliances from a conditional demand analysis performed on 1984 data for NPC. Owr
analysis used the conditional demand UEC’s where possible, but for natural gas and oil applianees
we had to refy oa the original estimates. Table 3-2 reports on the final values used in our fore-
casts. In reviewing Table 3-1, note that UEC’s are expressed in million Btu of resource energy
and for elecuricity we adopt the convention of using 11.500 Bta/kWh as a conversion factor.

Since the conditional demand UECs were measured in 1984 and rot in 1980, we inserted
these valves into the model in 1984, and “backcast™ the energy use of these appliances in 1980.
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For the temperature-sensitive UEC’s. the 1984 vaiues were first adjusted to be representative of
energy use in an average weather year. Table 3-2 includes only those energy consumption
numbers that we obtained directly from NPC documents. and not those backeasted to the base
year. The conditional demand UECs were also broken down by house type {single family, mui-
ufamiiy, mobiie bome); we calculated a weighted average UEC from these numbers.

Alr conditioning UECs have been adjusted 10 aceount for the significant number of evapora-
tive coolers installed in conjunetion with air comditioners. The conditional demand study indi-
cated that the energy consumption of air conditioners with evaporative coolers was substantially
iower than thaz for air conditioners alone. We used the saturation data for evaporative coolers
and air conditioners and the eonditional demand UECs to ereate a weighted-average UEC for
cooling appliances. 7

Heat pump heating UECs have been adjusted w0 account for a disparity in the resuits from
the conditional demand analysis. The NPC analysis suggested that heat pump UECs were greater
than the corresponding UEC for electric resistance heat. This disparity was apparently caused by
the fact that heat pumps are in general found in larger, newer homes with wealthy occmpanis,
while electric resistance heat is found in smaller. clder homes with less wealthy cccupants. We
decided to estimate 8 heat pump UEC by using the ratio of heas pump heating UEC 10 central
dlectric resistance heat UEC in the outputs from NPC’s REEPS output, and applying this ratio to
the central electric hesting UEC from the conditional demand analysis. This procedure was
DecesSary Lo preserve our analytical asmmption of an *average” house.

Table 3-2. Appliance Unit Eaergy Consumption (MMBtu of Resource Energy)

Apphance 1880 UEC 1984 UEC
Eleetric Furnace 35.80
Gas Furnace 23.05

Oil Furnace 94.39

Hea: pump (heating) 25.04
Electric Non-¢entral 24.21
Gas Noo-eentral 101.50

Central A/C 34.68
One or more Window A/C{per unit} 28.20
Hea: Pump (cooling) 34.68
Electric Water Heat 33.03
Gas Water Heat 45.14

Electric Range 8.79
Gas Rapge 15.12

Electric Dryer 9.09
Gas Dryer 6.88

Refrigerator 18.64
Freezer 1201
Lighung 23.94

Sources: NPC, 1984;
personal communieatioa from NPC, November 5, 1885:
DOE, 1983,
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3.1.3 Number of Households

Our apaiysis used an NPC forecast of the number of housing units as a proxy for the
number of housenoids. The number of households is the number of housing units times the occu-
pancy rate (83%2). The projection was extrapolated to the year 2005 by using the weighted aver
age growth rate for aii Sousing units for the years 1999 to 2000 {2.76% . vr.). The total number of
housing units existing a< the beginning of the given year and the net increase per year are shown
in Table 3-3.

Table 3-3. Number of Housing Units 1980-2005

Year Total Net Increase
1880 1766656 8300
1981 184956 6621
1982 191587 6909
1983 198468 7822
1984 208318 5183
1885 214481 B796
1988 23217 9190
1887 232467 9415
1988 241883 9820
1989 251702 10262
1990 261965 10702
1991 272667 7371
1992 280038 7379
1993 7617 T804
1994 295421 8025
1995 303446 8349
1998 311995 8798
1997 320793 9371
1998 3301684 9653
1999 338817 279
2000 349196 o638
2001 358834 9004
2002 388738 10177
2003 378915 10438
2004 380373 10747
2005 400120 —

Source:  personal communication from NPC, April 11, 1985.
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3.1.4 Historic Numbers of Customers

The average number of residential customers on the NPC system for the years 1980-1984
are shown m Tabie 3-t. The number of customers is smailer than the number of housing units
because the occupancy rate m the Las Yegas area in 1984 was 9357,

Table 3-4. Historical Number of Residential Customers

Year Arg # of Customers
1980 184.858
1881 174,553
1982 180.575
1983 185,874
1984 194,498

Source:  personsl communication from NPC, March 25, 1985.

3.1.5 Housing Type
Table 3-5 shows the breakdown of housing by type in 1984. Due 1o data limitaticns, we
moxieied only one house type, the average cusiomer.

Tabie 3-5. Housing Type {1934}

Housing Type Percent

Single family detached 51%
Multifamily <= 4 units  13%
Multifamily > § units 2%
Mobile Home 8%

Source:  personal communication from NPC, March 25, 1985.
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3.1.8 Inecome per Household

From LBL’s SEEDIS database of U.S. census data (LBL. 1982). we found that the average
household income in Clark County. NV was $14.253 in 1975 dollars (the LBL Model is calibrated
i 1975 dollars). For the projecuion. we gsed the utility’s percentage £owth rates for growth in
personal income per capita from the NPC Resource Plan: 1984-2005. We used the NPC base-
case values for the period 1530 to 1985, and Bureau of Economie Anaivsis {BEA) estimates
reported in the NPC Resource Plan for the period 1986 to 2000, The BEA estimates are roughly
one percentage point Jower than those actually used by NPC in its base case.

The growth rate of housenold income may be different than that of per capita income, but
these two rates of growth wiill be close as jong as the number of peopie per household is not
changing drastically. The growth rates sssumed for the projection are shown in Table 3-8. These
growth rates result in the forecast of per capita personal income shown in Table 2.7 (1975
dotlars/eapita).

Table 3-6. Projected Growth Rates in Per Capita Personal Income

Years Growth Rate (% per year)
1980-83 0.92%
1983-83 1.32%
1986-50 2.05%
1991-2005 1.68%%

Source: NPC, 1984.

Table 3-7. Projected Personal Income

Year Income (19758/capita)
1980 14,253
1981 14,384
1982 14,516
1883 14,708
1984 14,902
1985 15,009
1990 15,908
1995 16,457
2000 17,024
2005 17.611

Source: NPC, 1984;
LBL, 1982
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3.1.7 Residential Natural Gas Prices

Table 3-8 shows histaricai and projected prices for natural g2s in the NPC service territory
(in 1975 dollars per miilion Btu of resource energyj. For 1634 1o 1990, the price is projected w
growu.a.l.l%rea.lrmdgruvthmhyeu;foerme.therea.i;rowthrau:isproject«ed
to be 3.0% annually: from 2000 to 2010. NPC projects 0.75% annual real price increases.

3.1.8 Distillate Fuoel Qil Prices

Fuel oil prices were not a eritical input o0 our projection becanse oniy a small percentage of
NPC customers own oil-fired equipment. The prices for the years 1530 to 1984 were obtained by
interpolating between data for Idaho and Oregon given in the Monthly Energy Review (DOE,
1884). This publicataon only presents fuel oil price data for selected states.

After averaging as stated above, the distillate fuel oil prices were escalated at 0.8% annually
for the years 1984-1990. at 3.1% annually for 1990-2000. and 0.85% annually for 2000-2005.
These projected growth rates were obtained by averaging NPC projected real growth rates for
No.8 residual fuel oil and No. 2 diesel oil. Table 3-8 shows the resuits of the averaging.

8.1.9 Residential Electricity Prices

Historical and projected prices to the residential sector are shown in Table 3-8 {in 1975 dol-
lars per million Btu of resource energy, calculated by eonvention at 11.500 Bta per kWh). NPC
expects that electricity prices will remain constant in real terms from 1884 to 1900. After 1900,
NPC forecasts that prices will escalate at 1.2 percent per year in rea terms.

Table 3-8. Residential Energy Prices

Natura] Gas Dist. Fed Qi Blectricity
Year (19733/MMBta) (19758 AMMBua) {19753 \DMBtu)

1980 1.998 4.74 2331
1881 1.880 5.058 2087
1982 2328 4.822 2374
1983 877 438 2478
1984 3.217 4.091 2373
1985 3.071 4.125 2333
1990 3.441 4.291 2373
1995 41.181 5.000 2520
2000 1633 9.822 2874
2005 4.979 8.108 2837

Somrees: DOE, 1984
NPC, 1984
personal communication from NPC. March 25. 1985,
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3.1.10 Thermal Integrity and Heating Loads of Housing Units

The LBL Residentiai Energy Demang Model requires estimates of the annuai heating and
cociing ioads of both an average existing and a new house. NPC supplied information on annual
beaung and cooling ioads for the averaze existing house and we used the DOE-2 buiiding energy-
use model {Curtis, 1984) to deveiop estumates ci these loads for new houses. The DOE-2 outputs
were not. however. used directly. Instead. we performed two simulations, one of an average exist-
ing bouse and a second of new house. bk using an hourly weather tape for Las Vegas, Nevada.
Both prototypes were deveioped from data on the thermal characteristics or thermai integrity (TI)
of the average new and average existing -ouse in the NPC service from the 1984 NPC Residential
Freguency Survey (NPC, 1985). We then calculated the the ratios (called the thermal integrity
ratos or TIRs) of annual heating and eooling loads for two houses. For cooling loads. we calcu-
lazed a TIR of 0.742; for heating, we caiculated a TIR of 0.601. Formally,

Thermal Integrity Ratio = Loadm J Lm'dstock
where:
Load __ = heating or cooling load for new homes

I.A:w.'ll:":'i == heating of cooiing load for stock or average home

We used these ratios. not the acmmal DOE-2 outputs, to adjust data from NPC on actual
heating and cooling loads for average existing houses to those of new houses.

3.1.11 Defauit values
The following vaiues were taken from ize LBL default library (see DOE. 1983):
. coat V8. energy use curves for each appliance
&  cost V9. energy-use curves for thermal incegrity improvements
o  Market share elasticities
e Usage elasticities
. Floor area per housenold
e  Number of conservation rewofits
. Appliance lifetimes
s  Equipment costs
e  Appliance reurement functions

Unit energy consumption for gas dryers
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32 MODEL CALIBRATION

The first step in using the LBL models to forecast future residentiai energy use and peak
demands is calibration to historic data. The calibration takes the form of running the model with
historie inputs and comparing the resuits to actual recorded demand and energy use.

After introducing the data available for our use in performing the calibration. we describe
the results for three levels of disaggregation: annual sales, monthiy sales and peak demands. and
hourly load shapes for class peak days.

3.2.1 Data for Calibration

The calibration process is limited only by the availability of dawa on historie consumption.
In this respect, we were fortunate to obtain a data tape of 1984 recorded hoarly system loads and
estimated hourly residential class ioads. Time-series data, however, were not available.

To incorparate the 1984 load data intw our calibration process, we had 1o consider several
modifications o components of our modeling procedure:

Weather for 1984 was used o drive the LBL Hourly and Pesk Demand Model, in order to
compare model estimates of residential loads with NPC data reported for 1984. For forecasting
purposes, average weather was used to drive the peak model. Comparison of reported loads for
specific years with mode} resnits required weather normalization. The method chosen was to scale
space heating by heating degree days (base 63), and cooling by cooling degree days {base 63).

Miscellancous load shape was 1aken to be flat over all hours of the year. Since we do not
Inow the composition of end-uses comprising the miscellaneous category, the true joad profile is
uknown. The alternative w0 a flat load profile is one derived from the differences between the
recorded totals and our estimates for tae other end-uses. This approach wouid, of course, reduce
the error in the total residential load shape. For now, we are content to report the error without
using this technique to minimize it. We simply note that the assumed flat profile for miscellaneous
contributes to some error in the total residential load shape.

Transmission «nd distniution losses are included in the reported residential loads from NPC
in 1884. Loads {rom the LBL model exciude these losses. While NPC estimased the iosses to be
9.1%%, the area under the bourly Joad curve for the year adds up to 126 more than the reported
residentia] sales. We assumed that the residential sales fizure was correcs. and scaled our esti-
mate of the residential load down in each hour by a constant factor. The model estimates of load
curves were compared with the NPC reported values after the NPC ralues were normalized to
residential sales.

322 Annual Totals

Total annual residendal sales forecast by the model were compared o NPC data. No
attempt was made at this point to adjust the model results to reflect actual weather; an average
weather year is assumed in these model results. Space conditioning represents about 33% of the
NPC residential saies (in 1990}, so fluctaations of 10% in the weather could produce differences of
asbout 3% our forecasis and estimates based on normal weather or estimates based on actual
residential sales. Table 3-0 shows the resuits. The errors are in an acceptable range (-4 to +1%).
Electricity consumption per cusiomer also agrees reasonably well with data
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Table 3-9. LBL Backcast Compared 10 NPC Residential Sales

GWH ¥wh/customer
LBL NPC CZ error ¢ LBL NPC % error
1980 234333 2348603 0.2 | 14215 14246  -02
1981 2430.76  92535.735 “.1 f 14083 14527 3.1
1982 247232 2477559 02 : 13829 13720 =08
1983  2517.24 2499.033 —0.7 | 13591 13445  <i.1
1984 2593.79  2686.361 3.4 13812 -0

13268

3.2.3 Monthly Totals and Peaks

Monialy residential sales for 1884 were compared with model estimates. The winzer months
showed the ieast error; summer sales were underestimated; and spring sales were overestimated
(Figure 3-1). The mean absolute percentage error in monthly sales was 8.05%. The largest error

was 19.2%. which occurred in April, the month with the lowest electricity saies.

Comparing monthly residential peak loads provided an interesting lesson (Figure 3-2). Tke
average error in monthly peak MW was 8.8%%. A large error was observed for April. when the
mode] overestimated peak by 41.3%. In faet. April recorded the lowest peak of any manth. but
the day of iZe peak was one of the first summer-iike days of the year. Whiie the modei expected
significant air-conditioning use, people apparently opened their windows instead. This
phenomenon was observed previously when simulating the Detroit Edison Company {Pignone.
1984). Exeinding the month of April, the mean absojute percent error (for 11 months) in peak

load was 5.9%C. The error on the annual peak day (in July) was -7.9%.
Nevada Power Company
Resicdential Monthly Sales

GWh

Figure 31 Comparison of LBL backcast and NPC recorded monthly residential saies for 1984.
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Nevada Power Company
Resicential Monthly Peaks

JAM FEB MAR APR MAY JUN JK AUG SEP OCT NOV DEC
984

KL M5-TIh

Figure 3-2 Comparison of LBL backcast and NPC recorded monthly residential peak demands
for 1984,

3.2.4 Hourly Load Shapes

Daily load shapes for the twelve moathly peak days in 1984 were compared with mode} esti-
mates. We adjusted the thermostat settings in the LBL Residential Hourly Load and Peak
Demard Modd to improve the fit between model estimates and reported load curres. The best fit
(by visual analysis, D0 statistics were calculated) was obtained with a shift of the temperature
scale of +13 degrees F, relative to the original tme-temperature matrix. This result is consistent
with resuits obtained for the Pacific Gas and Electric Company (Eto, 1984a). For both utilities,
the climate is hot and dry relative o the humid elimate of the Northeast US. in which the origi-
nal matrix was derived. As a consequence, thermostat set-points are higher in the dry climates,
mez.n.ingthuaircondjtionin;isnotrequindﬂl-ha.nw%o[ca.pa:it_vinswck)unti] tempera-
tures are at least in the 80’s in dry climates, compared to 70 degrees F in humid climates. At the
p end of the temperature scale, in dry climates, fuil utilizadon (over 95%Z) of the air-
conditioning capacity in the housing stock ocenrs az temperatures over 108, while in humid eli-
m&a,fuﬂutﬂiz;&ionocmnuummmd%dem

On the heating side, the temperatare set-points which give good agreement with chserved
loads do pot differ markedly across the country. For NPC, we found that the jower beating set-
ozt about 3 degrees F, resuited in wae tess it 1o recorded data.

Peak day bourly load profiles were snalyzed for monthly peak days in 1984. The winter
peak day (January 18) reported load profile had a peak at 8AM, and a secondary peak at 6PM
(see Figure 3-3). The overall shape of the load prodile is duplicated by the model. Heating dom-
maces the load shape, with significant contributions to the shape from lighting. The model simu-
lates the morning peak reasonably weil, but overestimates the secondary peak in the hours 6
8PM. The model simulation also overestimates the load in midday (9A—4PM), and slightly
underestimates the load in the early morning hours. Given the uncertainties in the end-use load
prodiles, and particularly the lack of information for the miscellaneons end-use. the differences
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between the model and reported load proiile are not surprising. We are pleased that the daily
peak is matehed rather weil.

The summer peak day profile from the model gives better agreement with actual data than
the corresponding winter peak day profile. (see Figure 3-4). The summer profile shows a single
peak late in the day (5PM). The model shows a singie peak at 7PM, slightly below the magni-
tude of the actual peax. The model disaggregation by end-use indicates that cooling comprises
perthaps 755 of the peax load.

NEVADA POWER COMPANY
WINTER PEAK DAY - 1/18/84
HOURLY LCAD PROFILE

Figure 3-3 Comparsoa of LBL backcast winter peak day houriy load profile with NPC

recorded loads for 1934
NEVADA POWER COMPANY
SUMMER PEAK DAY - T/4/84
HOURLY LOAD PROFRE
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Figure 34 Comparson ol LBL backeast summer peak day houriy load profile with NPC
recorded loads for 1984.
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3.3 LOAD SHAPE IMPACTS

We used the LBL models to foreeast the joad shape impacts of three levels of mandatory
efficiency standards for new residentiai appliances. The ievels mandated by the standards were
reviewed in Serton 2. Briefly, they are a modest standard applied to all end-uses. Level 8; this
same standard with a higher leve] efficiency for central air eonditioners, Level 8/12: and a stan-
dard singling out only space cooling appliances {room and central air conditioners), Level 127AC.
In this section. we describe the load shape impacis of these standards.

In the base case. residential electricity sales are expected to grow from 2.840 GWh in 1986
to 4.730 GWh in 1996 (see Figure 3-5). Two polities produce approximately the same reduction in
sales growth, 10 3,450 GWh, namely, Level 8 standards, and Level 12/AC standards. The Levet
8/12 standard reduces sales in 1996 to 3.350 Gwh.

Examination of the projected peak demand gives a diferent picture of the effects of the poli-
cies (see Figure 3-6). Residential peak demand in the base case is expected to grow from 805 MW
iz 1988 to over 1.020 MW by 1996. Level 8 standards reduce the 1996 peak to 920 MW. The
Levei 12/AC standard, while saving approximately the same amount of energy as the Level 8
standards case. reduces load growth much more, to 301 MW in 1996. Level 8/12 achieves only a
slight additional decrease in load growth, to 788 MW in 1996, compared to Level 12/AC.

Average sales per customer are expected to decline dightly over time in the base case (see
Figure 3-7). The decrease is due to increasing equipment efficiency and tighter building shells
Impiementation of either the Level 8 or Level 12/AC standards reduce sales per customer by an
additional 8.3°C from the base case 1o abour 12000 kWh/yr in 1996. The Levei 8/12 standard
reduces per customer sales to about 11500 kWh /yr in 1996.

The seasanai efects of the policies is shown in Figure 3-8. For all cases, sales are reduced
more in the summer months than in other seasons. For the Level 8 standards, sales are reduced
approximately 456 m winter and 8% in summer. For the Level 12/AC case, sales are not reduced
in winter, but are reduced 16% in summer. For the Level 8/12 case, winter sales are reduced
approximately 5%, and summer sales are reduced 18%.

The effecis on the hourly residental load shape for the summer class peak day in 1966 are
shown in Figure 3-0. As expected, the Level 8/12 and Level 12/AC standards yield the largess
reduction in loads from the base case. Referring back to Figure 34, space cooling is clearly the
dominant companent of load in the summer.
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Nevada Power Company
Residentla! Sales

(GWh)
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Figure 3-5 LBL forecasts oi residential class sales.

Nevada Power Company
Residential Peak Demand
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Figure 3-6 LBL forecasts of residential class peak demands.
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Nevada Power Company
Average Saies per Customer
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Figure 3-7 LBL forecasts of average annual residential sales.
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Figure 3-8 Monthly percentage changes in residential sales in 19986,
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NEVADA POWER COMPANY
RESIDENTIAL HOURLY LOAD SHAPES
SUMMER PEAK DAY 1888
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Figure 3-9 LBL forecasts of summer peak day hourly load profiles for 1966.
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4. FINANCIAL IMPACTS OF LOAD SHAPE CHANGES

The previcus section documented the eaieviation of che load shape impacts for three seuws of
redenuial appliance eificiency standards. This section describes the procedures and assumpuons
used to evainate the financial consequences of these impacts. We consider both a ratepayer and
societal perspective these evaluations,

In boxh perspectives, the fundamenial metric is Lbe relationship between the benefits and
costs to the ratepayer or society. The distincuon between the two perspectives lies in the
definiton of the benefits, costs and time vaiue of money. Qur evaluation builds upon the general
methods developed in earlier LBL utility case studies (Kahn, 1984). Figure 4-1 illusirates the
fows of infjormation between the various models and the quantities calculated.

The benefits of efficient appliances are the expenses avoided by utility through reduced elec-
tricity generation. For the load shape changes resuiting from minimum appliance efficiency stan-
dards, these benefits must capture both short- and long-run avoided electricity generauon
expenses. In the short-run, capacity expansion decisions are fixed and so the besmefits from
reduced electricity sales are simply the variable costs of generation avoided. In the long-run,
sufficiently large reductions in electricity sales will alter a previously opuma.l Capacity expansion
plan. At a minimum, the op-line date for futare plants may be delayed, in the limit they be can-
celled altorether. The value of this alteration in the supply plan must be incorporated in an
assessment of the benefits from reduced eectricicy sales.

The securacy of our calculations of avoided eleciricity generation costs was enhasced by the
use of a production-cost model. Producticn-caost models are used by system planners to deveiop
estimates of future generating system costs under different load and resource assumptions. These
costs are caiculated by aigorithms that simniste the dispatch of generating units by system opera-
tors. With few exceptions, the aigorithms follow the simple rule that units are dispasched oa
economic merit; lower variable-cost units are dispasched before higher cost ones.
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Figure 41 LBL Integrated Conservation Policy Analysis Method.
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For the NPC case stody. we deveioped two methods for evaluating the avoided production
costs resulting from load shape impacts. The iirst is a measure of short-run marginal costs based
oo an increment and decrement of houriy syssem loads. The second is a measure of long-run mar-
ginal costs based on the fvel savings resuiting from delaying the on-line dates of future units.
Section 4.1 deseribes the assumptions. procedures, and benchmarking resuits from our efforts to
calibrate the production-cost model to NPC data. Section 4.2 motivates ang describes the short-
rap marginal cost and long-run fuel savings ecaiculations and resuits. Section 4.3 describes the
procedures used 1o apply these resuits to the joad shape changes from our poiicies.

The cost to the ratepayer is the foregone recovery of the fixed-cost component of rates.
Rates designed to recover the revenue requirement will, given a projected level of sales, under-
recover this requirement since less electricity will be sold. These focegone or “lost” revenues must
be recovered from ratepayers. We call this term the rate impact cost. '

The rate impact cost requires caieulation of both total revenues “lost™ through reduced elec-
wicity sales and the vaniable cost component of these revenues. By subtraction. the difference
between these ¢wo is the fixed-cost component of revenues that is foregone. This caiculation and
the resulting ratepayer impacts are described in section 4.4.

The cost 1o society is the incremental cost of more efficient appliances. These ecosts are cal-
culated directly by the LBL Residential Energy Demand Model. We present these costs and the
resulting societal impacts in section 4.3.

Differing time values of money or discount rates sre a fundamental distinction between
ratepayer and societal perspecuves. For the ratepayer perspective, we used NPC’s weighted aver
age cost of capital, 15.07%h, to express future benefits and costs in 1986 present-vaiue dollars
(NPC, 1984). Societal discount rates are typically lower than private discount rates. We approxi-
mate such 2 rate by using the NPC rate of disadvantage, 11.85%, 1o preseat-vaiue the benefits
and costs of appliance efficiency standards. The rate of disadvantage is the weighted average cost
of capital reduced to accouns for the tax benefits of debt (Brealy, 1984). Through much of our
discussion, we will present resuits for caly the ratepayer perspective. The corresponding tables of
intermediate results for the societal perspective are contained in Appendix B.
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4.1 PRODUCTION-COST SIMULATION WITH TELPLAN

We nsea the production-cost capabilities of the Teiplan utility corporate pianning model to
deveiop incependent estimates of NPC avoided production costs {Tera. 1982). The production-
cost companent of Taipian relies on probabiiistic methods and seasonal load curves 1o model vari-
able incremental costs. muitiple levels of forced outage for generating units. and purchased
power  whoiesaie oftions.

The first task in using Telplan was 1o set-up data files for the NPC system and benchmarx
the resuits 1o informauon supplied by NPC. Data for both inputs and outputs came primariy
from tie results of NPC's own production-cost modelizg eforts. NPC uses the Promod
production-cost model developed by Energy Management Assoriaces. Atlanta, GA. Our task was
complicated by the decision to combine the results from two related, but distinct Promod runs
provided by NPC. An earlier run, MI1LM, provided generating umit-specific details that were not
avaiiabie in a later run (NPC, 1985b). The later run. Amended Filing Base Plan, provided an
updated Joad forecast and revised assumptions about resource availability and economic factors
(NPC, 1885¢).

In this section. we deseribe the assumptions. procedures. and results from the benchmarking
process in four sieps System Loads; Generating Units; Fuel and Purchased Power Costs: and
Benchmarx Resuits.

4.1.1 System Loads

The representation of system loads is the starting point for all production-cost models. The
two central issues are the representation of loads both within a year and over time {total annuai
energy and peak demands). Differences between models genenaily center around the first issge.

Both Telplan and Promod rely on load duration curves to simulate the dispatch of generas-
ing units. A load duration curve (LDC) is simply a re-ordering of chronological loads in descend-
ing order from highest to lowest. This representation. while computationally efficient can mask
important details adecting the dispatch and reliability of generating units. For example, forced
outages in coe hour can not be related to forced outages in the following (chronclogical) hoar.
More pracucaily, units chat exhibit seasonal behavior (e.g., run-of-river hydro units are generaily
available oafy in spring and summer) cannot be represented in an annuval LDC. Promod and Tel-
plan address the latter issue by permitting more than one LDC (i.e., seasonal or monthly LDCs)
for each year of the simuiation.

NPC’s Promod simulations use 12 such LDC’s and. within each LDC, three sub-periods. Tel-
plan oniy provides for 4 LDC’s and no sub-periods. Thas, the task of reconciling the load
representations was coe of combining the Promod data into four seasons. Our approach was w
group months together based on loss-ol-load-probabilities. Loss-oi-load-probability (LOLP) is the
standard utdity industry yardstick for measuring system reliability (Bhavaraju, 1982).

Table 4| summarizes selected LOLP resuits from the more recent Promod run, Amended
Filing Base Plan. The years were selected Lo span a range of system reliabilities corresponding w
the base year (1985, the year Hunter 3 goes on-line {1988), and the years before and after White
Pine 1 goes oo-line (1992 and 1993). LOLP’s are highest in the summer months and Jowest in the
winter months. June and September appear to be shoulder seasons. Based on this evidence, we
selected January through May, June and September, July and August, and October throvgh
December 10 be our [zur seasons. These divisions are indicated in Table 4-1 by horizontal lines
separating these months.



Table 4-1. Selected Reliability Resuis for Nevada Power Company

(Loss of Load Eoars per Month)
1985 1988 1992 1993 Season
Jan 0.321 0.336 4039 8.374 1
Feb 0.152 0.130 1.609 3.877 1
Mar 0.262 0.083 2.392 2.203 1
Apr 0.064 0.026 0.265 0.727 1
May 0.227 0.125 3.907 2193 1
Jun 91012 45.344 45.952 69.326 2
Jul 328.359 184.487 212.148 261.371 3
Ang 270.755 131.864 152.844 199.037 3
Sep  92.90 14.881 15.548 25.358 2
Oct 2.358 1.083 $.171 5.794 4
Nov 1.438 0.459 8.818 3.844 4
Dee 2.458 1.133 11.584 8.711 4

Soarce: Nevada Power Company, Amended Filing Base Plan; 7/28/85

Thenmmpm&on-expmthegwpedmth]yioadsintheappropﬁmformfor
Telplan. Telpian accepts a 50-point. normalized load input file for each season. Promod actepes
tweive weeks of chronological hourly loads. Teiplan loads are represented by a pair of inputs
describing the size and duration of & load-point. Formaily:

LOAD;; = (Losd;; - Meas) / (Peak; - Mesa)

where:
LOAD = normalized load
Peak = Peak demand in season ;
Load = Load
Mean = Mean load in season i
and
where

LHRS = normalized hours
Hou:=hounuloadii
Total Hours = total hours in seasom i

Acmmd&kfomdrepmuﬁmh&u&elmdshmhmﬁ:ﬂyﬁndm&e
stady period. nnis,thenormdiudbadsminpiy'eighwdup(ordon)muﬂybynfa&
cast of total energy and peak demand. A potential shortcoming of this definition can be a koss of
precision in representing minimem loads.

We wrote 3 FORTRAN pre-processing program to convert the NPC load information
developed for Promod to the Telplan format. The program allows the user to specify the aggreea-
ton of twelve cypical weeks of information to four seasons. The system loads used to develop the
pormaized Joad shape were taken from the Native Load and Net Transaction Capacity report
from the Amended Filing Base Plan for 1985. Data on projected seasonal energy use and peak
demands were also taken from this report. Figures 4-2 through 4-5 compare the NPC load data
developed for Promod simulations and the resuitng Telplan representation for each Telplan sea-
son.
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Figure 4.2 Comparmson of originai (NPC,Promod) 1o re-expressed (LBL. Telplan) load duration
curve [or season 1, January through May.

Nevada Power Company
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Figure 4.3 Comparisca of original (NPC/Promod) to re-expressed (LBL/Telplan) load duration
curve for season 2. June and September.
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Figure 4.4 Comparison of original (NPC/Promod) o re-expressed (LBL/Telplan) load duration
cuorve for season 3, July and August.
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Figure 4.5 Comparison of original (NPC/Promod) to re-expressed (LBL/Telplag) load duration
curve for season 4, October through December.
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4.1.2 Generzating Uniws

We summarize the input assumptions used to descrive NPC’s generating resources for the
bencamarxing process on Table 42, These data were taken from the Generating Units Charae-
tenisuies reports produced by Promod. In general. we attempted to replicate data from the most
recent NPC Promod run. Amended Filing Base Plan. with two notable exceptions.

First, we retained ihe sub-unit capacity block definitions from the eariier rum, MILM.
Wikout these definitions. Telpian treats generating units as a single, undifferentiated block of
capacity in a binary mode (all on or all off). Sub-unit capacity biocks ailow the program o
dispatch the units in diserete blocks of capacity according to a changing variable cost of genera-
tion. These definitions are. consequentiy, more representative of the manper in which system
operstors dispatch units wo meet load. NPC’s decision w simplify their generating unit definitions
may be reiated 1w the next modification.

Second, we avoided the use of the “must-run” designation for base load units. Base load
units typically require substantial warm-ap periods; they can not be turned on and of instantane-
ousiy. This requirement will resuit in the dispasch of units on seemingiy non-economic grounds.
For example, if it is anucipated that a unit will be needed to serve loads during a hot summer
afternoon, it will be kept running the previoos night, despite the fact that running at night is
more expensive Yis-a-vis cther sources of power available to the dispatcher. Of course. in the load
duration curve representation of loads, chronology has been suppressed and so this eonstraint
must be imposed by the modeiler. Both Telplan and Promod provide for the designation of units
as must-runs to force the dispaich of uaits at all times, despite the apparent dis-economy of this
decision.

NPC’s decision 1o vse the must-rup destgnation for all of its base load units is puzzling
because the variable cost and size of icads met by the units generaily requires that the model will
ran most base load units full-out for large parts of the year, independent of the must-run designa-
ticn. Having made an egtire unit 2 musi-run unit does explain why it is unnecessary to specify
sab-anit capacity blocks: the unit is never allowed to run below full-out. Of course. it is generally
possible to specily only the first capacity block as must-run, which is the tvpical manner in which
planis are actuaily run doring iow xad conditions.

Our reason for avoiding the mmst-run designation was two-fold. First. we wanted to assure
ourseives that the specification was unnecessary for the reason just listed. Second. we didn’t want
to place too many constraints upon the dispatching algorithms when it came 1o evaluating
avoided production costs. Both our calcniation of short-tun marginal costs and long-run fuoel say-
ings {rom plant deferral required that the characterization of the system be perturbed from NPC’s
forecasted operating conditions. Coasiraints might obscure the cost diflerences that our perturba-
gons are designed to elicic.

We did, however, retain the must-run designation for the White Pine units in order to
address unique features of NPC’s agreements to take power from this unis. NPC’s share of capa-
city and energy from this plant, which is slated to come on-line in 1993 and 1994, is fixed by con-
tract with the deveioper of the plant. the Los Angeles Department of Water and Power. Under
the terms of agreement. the varuable cost of power from the plant contains a provision for
recovery of the fixed costs of the piant. On economic merit, such a plant wouid not be dispatched
unul later in the loadine order due to the apparent high cost of power from the plant. In fact.
lhe vanabie cost from tais piant are iow and some of NPC's ailoeation of power irom the plant is
based on take-or-pay contracts. The must-run designation insures that power will be taken from
the piant.

Not all of NPC’s Promod inputs were incorporated directly into our Telplan simulations.
Firss, NPC specifies a generic purchase of power in every year of their simuiation. The purchase
is represented by a series of hypothetical generating units that have a lifetime of one year. We
have followed the convention of representing these units as generating plants, but have specified
oniy a singie unit whose capacity is rerated from year to year. In addition. we had to adjust the
planned outage rate of this source of power seasonally in order to fine-tune the level of generation.
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Second. NPC appears to use forced outage rates 1o aceount for both forced and plonned
outages for future genmeraung units. Existing units are specified with a separate planned and
foreed outage rate: new units sppear 10 be represented by oniy a {orced outage rate. These rates
are higher than might be suggesied by the technoiogy type and so we conciuded that they also
mcorporate a planned outage rate. NPC’s motivation for this eonvention is not ciear. Including
planned cutages in a forced outage rate makes NPC generating piants less reiiable {rom a model-
ling standpoint. Lacking ciear directicn for an alternative specification {i.e.. the actual planned
outage rates}, we simply adopted NPC’s inputs.

Third, Promod specifies the efficiency of generating units with both an average neat rate at
the lowest capacity block and mcremental heat rates at higher capacity blocks. Teiplan requires
that efficiencies be specified as average heas rates for the entire capacity block. We developed a
smpie FORTRAN program to convert heat rates to the form required by Telplan.

Fourth, Promod permits seasonal derating of units, Telplan does not. We renresented these
derates by adjusting the planned cutage rate of the units seasonaily, which is. in fact. treated as a
derate by Telplan.

4.1.3 Fuael and Purchased Power Costa

We used the Fuel Category and Transaction Input Summary reports produced by the more
recent NPC Promod run to develop projections of future fuel and purchased power costs. Fixed
costs were not considered since our caleuiations for avoided costs required us Lo examine only
changes in variable operating costs. Table 4-3 contains NPC's 1985 fuel and purchase power
prices, and NPC’s nominaj eseaiation rates {or each of the generating units.

4.1.4 Benchmark Results

We [ound that Telpian provided credible estimates of the dispatch of NPC generating upits
vis-a-vis the Promod resuits supplied by NPC. Table 44 compares the Telplan benchmarking
resuits to the Amended Filing Base Case NPC Promod run. The Table compares the capacity
factor of units for selected years. Capacity factor is the ratio of the average hourly nroduction of
electricity, to the namepiate rated capacity of the plant. Comparisons of eapaciiy factors indi-
cates the degree to which there is a correspondence in the dispaich of units besween the two simu-
lation programs. Asnotedprcrionsiy,nchoseTeiphntomdynﬁablems.snwedidnoc
compare total costs.

Comparisons of capacity factors alone can be misleading. For example, resuits in Table 44
for 1906 indicate a large difference between the Promod and Telpian estimates for intermediate oil
and gas generating units (30.0 versos 209). In this case, the use of capacity [actors masks the
fact that the actual differences in energy generation by intermediate oil and gas units are smail
relative 10 total system generation, typicaily less than 3 percent. If we assyme for the moment
that the reason Telpian estimates lower energy generation from intermediate ol and gas units is
due solely to there being too much generation by the base ioad coal units, the capacity factors for
mtermediate oil and gas would be identical and the base load coal capacity factor would decline
oaly slightly, from 74.3 10 71.0 (and bring the resaits even closer to the NPC's forecasts).

Qur general approach to the benchmarking process was o replicate the Promod resuits
without resorting o year-by-year “adjustments”. Telplan allows the user 10 re-specify capacities
and planned outages on an annual basis. This fexibility ensures thaz with some diligence,
differences between model resuits ean be largely eliminated. Trying 10 “second-guess™” the model
would, however, defeat our rationale for using the model in the first place. A statie, one-time
match with an existing model would pot be suitable for the subsequens analysis of avoided pro-
duction costs. Agnin,theseuﬂmnquimd:hu“permrbopennngcondjtbminorderw
measure avoided production costs.

In this regard, we note that. in fact, NPC does employ a number of one-time adjustments in
s simujations. The annual adjustment to the capacity of generic purchases is one such adjust-
ment and weh;veaddrmedlhis'usue'hhas'ngleplamthnismmdmuﬂy. A more
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purziing aljustment is forced outage rates for seiecieq units that vary annually in future years.
We did pot repiicate these varations but beljere that they contribute in part to the mis-matches
in level of zzneration by generating type descrited above.

Table 44. Comparison of LBL and NPC Capacity Factor Estimates

1988 1992 1996 2000
Generation Type NPC LBL { NPC LBL | NPC IBL | NPC LBL
Base wad - Coai 803 736 | 803 85 | 698 743 | 683 708
Base joad - Hoover 35.4 354 | 293 293 | 275 7.5 | 26.1 268.1
Intermediate - Coal 68.4 728 606 54.8 62.5 63.6 574 56.3
Intermediate - Oil 'Gas 222 21.4 355 33.8 0.0 2.9 211 13.0
Peaking - Oil/'Gas 53 57 7.2 3.3 78 8.4 6.1 43

Base ioad - Coal Intermediate - Coal  Intermediate - Oil/Gas  Peaking - Oil/Gas

Mohave 1 Reid Gardner 1 Clark 1 Clark ¢
Mohave 2 Reid Gardner 2 Clarx 2 Clark 5
Navaho 1 Reid Gardner 3 Clark 3 Clark 8
Navaho 2 Reid Gardner 4 Sunnse 1 Clark 7
Navaho 3 Generic Purchase Sunrise 2 Westside
Hunter 3

White Pines 1

White Pmmes 1 NPC

White Fines 2

White Pnes 2 NPC

Harrr Allen 1

Harry Allen 2

Harry Allen 3

Harry Allen 4

Sourcexs  Nevada Power Company, Amended Filing Base Plan, QOctober 30, 1986;
LBL Telpian Run, NPCBENCH, February 27, 1385,
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4.2 AVOIDED PRODUCTION COSTS

An immediaie consequence of improved anpiiance efficiencies is reduced demand for electri-
city and consequentiy reduced electriciry generation costs. In the short-run. eapacity expansion
decisions are irreversible and avoided productica costs are properly measured by shor-run margi-
nal costs. In the long-run, capacity expansion decisions can be modified and avoided production
costs mast address the possipilicy that plants may be deferred or. in the limit. canceiled. For
NPC. we assumed that the transition from the shori-run 10 the long-run takes place in 1993 when
the first of the White Pine generating units is scheduled to come on-line. It is our belief thas the
Dearest term capacity addition (Hunter 3 in 1S8%) is upn-avoidable by the appliance eficiency stan-
dards considered in this case study; Lhe standards are modelled to take effect in 1987,

In this sub-section, we describe the caiculation of short-run marginal and long-run planc
deferral costs using Telplan. We also oudine the procedures used to assign these costs w0 load
shape changes. A summary document describes the motivation for these procedures (Kahn,
1886b); the emphasis in the following discussion is on assumptions, mechanics, and intermediate
resuits.

4.2.1 Short-Run Marginal Costs

In the shori-run, generating resources are fixed and the value of a load shape change is
measured by the avoided production eosts of existing units. We used the increment/decrement
method for calculating short-run marginal costs. See Kahn {1985) for a discussion of the theoreti-
cal foundations of the method.

Table 4-5. Comparison of LBL and NPC Foreeast of Short-run Marginal Cost

{current mills/kWh)
percent
Year Season NPC LBL difference *
1988  Jan - May 323 38.7 102
Jun & Sep 488 518 6.1
Jul & Aug 61.8 56.7 8.2
Oct - Dee 26 479 9.8
1990 Jan - May 51.7 55.8 75
Jun & Sep 639 67.8 5.8
Jul & Aug 79.4 743 84
Oct - Dee 870 720 74
1992  Jan - May 703 748 8.2
Jun & Sep 76.1 828 8.8
Jul & Aug 899 89.4 0.5
Oct - Dee 810 ‘ 913 12.7
1994 Jan - May 79 878 -13.0
Jun & Sep 94.4 92.4 -2.1
Jul & Aug 1068 104.9 -1.5
Oct - Dee 794 20.0 12.1

® percent difference == 100*(LBL-NPC)/NPC

Sources: NPC Amended Filing Base Plan, 28 July, 1985;
LBL Telplan runs, NPCINCR and NPCDECR, 27 February, 1986.
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The increment. Gecrement method for measuring short-run margmal costs requires iterative
simulations of the NPC system. In the first simuiation. loads are decreased uniformly, in this
case, by 100 M. In 3 secona simuiation. load are increased vaiformiy by the same amount. In
both simulaticns, the g2nerating resources available to meet these loads were held fixed. Marginaj
cost is caicuiated by Cviding the difference in total variable cost by the difference in energy pro-
duced.

Table 45 compares our marginal cost estimates with those caieniated by NPC using Pro-
mod. The NPC values were calculated monthly; we have grouped and averaged these values
according to our earjier cefinition (see section 4.1.1) to facilitate comparison.

A more accurate measare of avoided production costs would bave incorporated the load
shape changes (rom esch appiiance efficienty standard directly. In this case, we would measure
the differences betweea the base case level of loads and a decrement from this level corresponding
to the actuai loads avaided by the appliance efficiency standard. Resource constraints preciuded
us from performing these caicuiations.

422 Long-Run Plant Deferral Costs

In the Jong-run. it is essential that the value of potential changes in capacity expansion
plans be incorporated in a calculation of avoided production costs. We approximated the
respoase of NPC’s capacity expansion plan to our load shape changes by calculating the fuel sav-
ings resulting from deiaying the oo-line dates of future piants by two years. We allocated a por-
tion of these savings 10 & eapacity- or reliability-driven component with a combustion turbine
proxy.

As discussed in Kahn (1986b), the optimal deferral period is determined by comparing the
present vaiue ol varatie operating costs in the base case caicuiated from a simulation in which
future plants are deferred and the load shape has been modified by the reduced sales of electri-
city. If the present vaime of production costs in this case is the same as that in the base case,
then we bave found tie optimal deferral period. Our tests found that that a two-year deferral
period for al plants starting with White Pines 1 in 1993 sauisiied this criteria. See Appendix A
for additionai discussica and documentation of these tests.

We then calculated the fuel savings resulting from a two-year deferral of future plants with
two additional Telplan simuiations. The first was a slightly aitered version of our benchmarked
mputs, which we will refer to as the Modified Base Case. The second held loads fixed but delayed
the on-line dates for ail units for two years, starting with the White Pines units in 1993. This
simulatiop will be referred to as the Deferral Case. In both cases. we fixed the level of generic
purchases a1 100 MW from 1993 caward.

The diference in total variable costs between the Modified Base Case and the Deferral Case
is the long-run fuel savings. Sinee the NPC simulations covered a planning period that ended in
2003, we extrapolated the differences to produce 30 years of annual differences, which is the
assumed lifetime of the delayed plant. We then discounted this stream as both the ratepayer and
societal discount rates. as described in section 4.1.

Table 4-8 indicates that total variable costs in the deferral case are actually less than those
m the base case in the years 1993-1995. The reason is that, due 1o conwractual arrangements, por-
tions of the White Pizes Units are expensed on a take-or-pay basis. Variable costs for these units
include a ccrmponent [ir the recovery of fixed costs, which maxes this power very expensive, ang
these costs sre not used in the decision to dispatch the units. In the model, the White Pines
Units sre treated as most-run units whose variable costs in 1993 are 145.56 mills/kWh. When
deferred for two years. the model chooses less expensive plants (from the standpoint of variable
operating cost) to suppiy the energy formerly taken from White Pines and total costs sre jower in
these early years. In later years, vaniable costs in the deferral case consistently exceed those in

the base case. as expected.



Table 6. Fuel Cost Savings from T'wo-vear Defermai of White Pines 1

Year Base Deferrai Deferrai - Base Presen: Vajne
WACC ROD

1992 331.056 331.056 0.000

1993 408227 384.567 -23 660 -7.697 -9.659
1994 436.017 443.143 42874 -12.121 -15.648
1995 541.582 520229 -21.753 -5.344 -7.068
1996 562 682 607.105 44 423 9.485 12.960
1997 634274 688 467 54183 10.053 14136
19358 658973 T04.663 45 690 7.367 10.633
1999 T29.825 T81.569 51743 7.251 10.588
2000 7:0.101 813816 - 43715 5.324 8.149
2001 847 251 894 504 47253 5.001 1.873
2002 883 634 930.967 47333 4.353 7.053
2003 970.589 1023.102 52413 4.189 6.982
Trend (92-03) B19 %/yr 9.0 % fyr

2004 1650.21 1118279 68.065 4728 8107
2005 1135.26 1222311 865055 5154 9.1563
2006 1229.35 1336.021 106676 5.596 10.136
2007 1330.06 1460310 130247 5937 11.088
2008 1439.03 1596.160 157.129 6.225 11 957
2009 1556.93 1744.649 187.722 £6.463 12772
010 1684 48 1908.951 22470 6.856 13.532
2011 1822 49 2084.352 2651 866 6.809 14241
2012 1971 80 278.257 306.459 6925 14901
013 2133.34 2490200 356 859 7.007 15.513
2014 2308.12 2721.860 413740 7.060 16.080
2015 249722 2975.071 477853 7.086 16.604
2016 70181 3251838 550030 7.089 17.087
2017 292316 3554.352 631.192 7.069 17.531
2018 3162 65 3885.008 T2 362 7.031 17.938
2019 H21.75 4246 425 824673 6975 183309
2020 30209 4641 465 9377 6.905 18.646
2021 4005.39 5073.254 1067 865 6822 18.951
2022 4333 54 5545.212 1211 672 6.725 19224
Total 152.166 327.939

Sourcess LBL Telplan raa NPCRASE 27 Feb 1986;
LBL Telpian ran NPC2DFR 27 Feb 1986.

Au lgures o miuces of GoUars. Present vadues wefe cjiclualed Using botd the Nevada Power Company
wesghted average cost of capital (WACC), 15.07%, and the Nevada Power Company rate of disadrastage
(ROD), 11.85%.



Table 4-7. Revenue Requirements for Combustion Turbine Proxy

Depre- Required Revenue Present Value
Year Rate Base clation Return  Requirement  WACC ROD

1993 637.34 2125 139.50 161.16 52.43 65.79
1994 616.29 2135 135.24 156.49 4424 57.12
1965 595.04 21325 130.58 151.83 3730 49.54
1996 573.79 2135 125.91 147.17 31.42 42.93
1997 552.53 21.25 121.25 142.50 26.44 37.17
1968 531.28 21325 118.59 137.84 223 32.14
1999 510.03 2125 111.92 133.17 18,55 2797
2000 488.78 2125 107.26 128.51 1565 23.96
2001 467.53 2125 102.60 123.85 13.11 20.64
2002 446.238 2125 97.93 119.18 10.96 17.76
2003 425.03 2125 93.27 114.32 9.15 15.28
2004 403.77 21325 88.61 109.86 783 . 1308
2005 382.52 2125 23.94 105.19 6.35 11.20
2006 381.27 2135 79.28 100.53 527 9.57
2007 340.02 2125 74.82 95.87 137 8.16
2008 318.77 21.25 69.95 91.20 361 6.94
2009 297.52 21325 65.29 86. 293 5.89
2010 8.2 2135 60.63 81.88 26 4.98
2011 255.02 2125 335.96 7721 201 120
2012 1376 2135 51.30 72.55 164 3.53
2013 212,51 2125 46.63 67.89 1 2.95
2014 191.28 2125 41.97 63.22 108 2.46
2015 170.01 2125 37.31 38.56 0387 2.03
2015 148.78 2125 32.84 53.90 0.59 1.87
2017 127.51 21.25 27.98 49.23 0.55 1.37
2018 106.28 21325 23.32 44.57 0.43 111
2019 85.01 2125 18.85 39.81 034 0.B9
2020 83.75 21.25 13.89 35.24 0328 0.70
2021 42.50 2135 .33 30.58 020 0.54
2022 21.25 2125 4.68 25.91 0.14 0.41
Total 32 47178

CT cost (1985 dollars) = 400 $,/kW
inflation rate = 8.0 %/yr
fixed charge rate = 02194

Depreciation =  Straight Line
Requirea Return =  Rate Base * Fixed Charge Rate
Revenue Requirement =  Required Retorn + Depreciation

All figures are in $/k\¥. Present values have been calculated using both the Nevada Power Com-
pany weighted average cost of capital (WACC), 15.07%, and the Nevada Power Company rate of
disadvantage (ROD), 11.85%.
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In both the Modified Base Case and the Deferral Case, we fixed the level of generic pur-
chases 10 ensure comparabiiity between the two runs. NPCs specification of annual variations in
the installed capacity of generic purchases appears to be an autempt o balance loads and
resources in the years between generating unit additions. We decided to fix the level of generic
purchases, rather than make assumptions as 1o the criteria used by NPC in sewing these leveks.

To isolate a reliability-driven component in the eapacity expansion decision. we also calcu-
lated the present vaiue of revenue requirements for a combustion turbine. The difference between
this term and the total fuel savings represents the energy-reiated component of the fuel savings.

The capital cost of the turbine was assumed w be 400 doilars/kW (1985 dollars) and the
lifetime of the turbine was assumed 1o be 30 years. We applied a tax muitiplier w the equity
components of NPC’s weighted average cost of capital to derive a fixed charge rate of 21.94 per-
cent, based on NPC’s assumed Federal tax rate of 4655. Table 4-7 summarizes the entire calenla-
tion.

To ensure comparability, all quantities were annoalized and respread over 30 years with an
economic carrying charge. The carrying charge ensures that the annual real dollar values remain
constant with respect to inflation, while the present valye of the sum of these terms is the same as
that for the original stream of revenue requirements. Simple levelization of the present valge of
revenue requirements resuits in a stream of declining annual real dollar values that understates
the true marginal cost of the invesiment in future years (NERA. 1977). The economic carTying
charge was specified to escaiste the annual values a: the NPC pominal inflation rate (6
percent/yr). Table 48 summarizes the resulting streams.
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4.3 VALUATION OF LOAD SHAPE CHANGES

Having caleulated appropriate sbort- and long-run measures of avoided electricity generation
costs, we turn now 1o the specific procedures used to apply these values to the load shape changes
described in section 3. The generai process is analogous to procedures used to deveiop power pur-
chase offers to small power producers and cogenerators. The issues center around the lifetime of
the appliance standards. the uming of Joad shape changes reiative to the transition from short- o
long-run avoided costs, and the measurement of capacity value for the load shape changes.

4.3.1 Lifetime of Appiliance Standards

Our caiculations began with the incremental ehange in energy and demand for each year of
the program, 1987 through 1996. To esch increment of change we sssumed a twelve year life-
time. While there is some ambiguity over the definition of the precise lifedme of a ssandard that
mandates efficieny appliances. tweive years is a conservative AsSUmMpUOn since it corresponds o
the lifetime of the east long-lived of the appliances, central air conditioners.

We used the saalogy of power sales agreement with small power producers to value the
incremental load shape changes as. essentially, twelve year contracts o seil power to the utlity.
We derived the values assigzned for each of the twelve years in three stages. First, for the years
1887 through 1892 we valued the load shape changes at the short-run marginai costs. From 1993
oaward, we used the energy-related and reliability components of the fuel savings. For all cur
calculations, we used & system loms factor of 8.15 percent to relate residential class load shape
changes to system avoided energy demands (NPC, 1984).

The general form of the valuation is as follows.

where:
Value=valuedhadsha.pechmge,ymi,semnj
Delta == change in kWh saies from base case
Loas factor = 1.0815
Marginal Cost = short- or jong-run marginal coss

We amsigned :heenag—reluedcomponemoffudnﬁng:mthebadshspechmgainmamh-
gous {ashion. The units of the energy-reiated component of fuel savings were converted from doi-
hrsp-erkwwdoﬂmperk%ﬁthlhepmjecudcapuityfumrdthew:e Pines plant (83
percent).

433 Capacity Value of Load Shape Changes

We used the average kW change between the base and policy cxse w0 assign the reliability
component of the avoided production costs. The average kW change was ealculated by averaging
thechmgeinhuhforthehighmsmhouriyreﬁdenﬁalbubformhyw. In this case, a loss
factor and an allowance for reserve margins (20%) were used to relate residential loads to
system-level impacta.

The logic for coasiderizg 1he Riziess 500 Sourly loads in determining the capacity vaiue of
load shape changes epcompasses both system operating conditions, and the coincidenee of residen-
tial and system loads. System operating conditions identify the times when capacity has value to
the system. The coincidence of resideatial and system loads relates the effect of our policies to
those times when capacity has value.
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We used on estimates of the {ull-load operating hours of the NPC peaking planc ciass to
determine when capacity has value on the NPC system. Full-load hours are ciosely reiated to the
inverse of the capacity factor. Formaiiy.

F ull-l(:;a.d hours = Totai energy generation ; Total installed capacicy

Table +9 summarizes our calculations of fuilload hours for the NPC peaking piant class
wienuiied in Table 44 from the benchmarx Telplan simulations. For the period from 1987
through 1996. it can be seen that the full-load bours fluctuate near 500 hours per vear. Based on
ihis evidence, we conciuded that the reitability benefits of additional capacity must be reiated to
the Joad shape changes over at least this many hours per year.

To conclude that the highest 500 residential class loads can be used to evaluate reliability
benefits jor the system required an anaiysis of the coincidence of residential and system loads. We
can measure this relationship with claws cotneidence factors. A eoincidence factor relates the load
of a ciass of customers at the time of system peak demand to the peak demand of the class. A
high coincidence factor indicates that class loads are correlated with system peak demands. For-
alry,

Coincidence Factor = Peak load o / Peak load |

Pea.kloa.d5=clmpea.klo;dutimeofsyuem peak
Pea.kloa.dc=clmpeak}cad

We performed an analysis of NPC residential class coincidence factors, using load data pro-
vided by NPC on system and estimated residential class loads for 1984. The results indicate a
high degree of coincidence between residential class and system Joads (see Tabie 4-10). We con-
clude that examining the average change for the highest 500 residential loads provided a good
measare of the capacity benefits of the koad shape changes.

Table 4-10. Nevsda Power Company Residential Class Coincidence Factors

Residential Residential
Coincidence  Load at Time Maximum
Month Factor of System Peax Day Hour Load Day Hoar
(MW) (MW)
Jan 0.920 584 18 19 835 18 8
Feb 0.838 447 18 19 498 27 7
Mar 1.000 458 7 7 488 7 7
Apr 0.977 382 1719 391 17 18
May 0.853 753 24 17 790 30 18
Jan 0.797 887 1 17 R3S » 19
Jul 0.968 253 -] 17 883 S5 18
Ang 0.584 810 9 17 823 9 19
Sep 0.968 760 8 17 785 10 17
Oct 0.932 382 10 17 410 8 17
Nov 0.558 297 10 18 34 pr- 12
Dec 0877 438 14 18 588 14 8

Source:  Nevada Power Company, 1984 Hourly Loads
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4.4 AVOIDED PRODUCTION COST BENEFITS

Tables 4-11.12.12 sommarize the avoided proguction cost caicuiations for each poiicy case.
For ail our caiculaticns. we continued to use the NPC weighted average cost of capital. 15.07CE,
Lo discount our resuits asq express them in 1683 present vaiue dollars.

The formas of eacn zable is as follows. For eaci Fear, the tabies present the total change in
energy and capacity vaive. Recail that, for capacity, we reiy on the average change in demand
for the highesx 500 residential class bouriy loads as our measure of system capacity valuye.
Because the valuation methods are based on a hypothetical tweive-year contract 1o sell power to
the utility, the next column iists the incremental changes upon which the hypothetical contract is
based. The following coiumn lists the 1985 present value of avoiding the increment for twelve
years. This column is followed by the per mnit vaiue, in 1985 present value doilars per kWh, of
the avoided increment. A final set of columns is the sum of the two eomponents.

Across poiicy cases. the greatest avoided produetion cost benefits are conferred by the policy
case that saves the most energy, Level 8/12. Of more importance for our later calculation of
ratepayer and societal impacts, however, is the per wnit values of the load shape impacts. In this
respect, we observe that the standard targeting summer peak demands. Level 12/AC, has the
bighest per unit value. I: is easy to see, given two policies that save the similar amounts of
energy, Level 8 and Levei 12/AC, the one that saves more capacity will bave a higher vaiue.
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45 RATEPAYER IMPACT

The inroduction of eficient appiiances cannot be achieved without eosts. A comprehensive
svaiuation oi the impacts of standards that mandate these efficiency leveis recuires that these
costs be considered. From the ratepayer’s perspective. these costs consist of rate increases needed
w0 cover the portion of fixed costs that are no ionger recovered by revenues. We wiii refer to this
term as the rate impact cost of the appiiance standards.

The rate impact cost of efficient appiiances hinges ultimately on a theory of regulation.
Since efficieat appliances consume Jess eisctricity, a rate design that does not consider the load
impact of these appliances wiil under-coiiect revenues. The net impact will be iess than she full
amount of the “lost” revenues, since oaiy the component of revenuves designed to recover fixed
costs or base rate revenues will be lost: the variable cost component wiil be avoided. Further.
since the avoided variable cost component is properly valued by the shor-run marginal costs to
the utility, not the average variable cost. only a fraction of these base rate revennes may be lost.

4.5.1 Rate Impact Cost

The rate impact cost is the difference between lost revenues and avoided variabie operating
costs. which we have defined to be the short-run marginal cost of electricity.

Lost revenues are the change in saies between our base case and a given poUcY case times
the aversge residential retail electricity rate. See Section 3.1.9 for retail electricity rates used in
the demand forecasts. In keeping with the assamption of & twelve-year lifstime for the standards,
the present values of tweive years of the Jost revenue were calculated from the annoai per unit
vaiues.

Table 414 summarizes our estimates of short-run marginal costs for NPC. From 1887 to
1992, these costs were caiculated by the increment/decrement method deseribed eariier. applied to
the Modified Base Case. From 1983 on, the marginal costs were stll caicuiated by the
mcrement/decrement method but were applied to the Deferral Case. This distinction was made
to ensure consistency with the long-run fuel-savings caleuiations.

Tables 4-15,16,17 summarize the rate impact costs for each policy case. Eacx tabie begins
with the energy forecast for both the base and policy cases. After presenting the change in energy
between the two cases, the incremental change is listed. As described above, the jost revenue
term represents the 1885 present value of losing the inerement of sales for tweive years. Simi-
larly, the avoided variable cost is the 1985 present value of the short-run marginai cost saved by
the avoided increment of energy. The rate impact is the difference between the jost revence term
and the avoided variable eost. The per unit vaiues listed also represent the 1985 present values of
avoiding the increment of sales for tweive years.

Our calculations indicate that the rate impact cost of each policy is not a cost. but a benefit
totheutiﬁty.‘l‘hermltmmsfmmnbefmtha&sha&-mmuﬁmlmcom&endymnd
lost revenues. Therefore, reduced electricity sales are a benefit since thess marginai sales pot only
fail to recover variable costs but fixed costs as well.

It should be noted that a more explicit treatment of rates might alter this conclnsion. For
example, complete reallocation of the largest rate impact {level 8/12 in 1996) to the residential
class would lower average retail rates by approximately 3%. We did not incorporate these effects

= our demend forecasts and Inevead selied oz NPO's mrsisctions o7 rersl rares i:

4 = 2 e
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4.52 Ratepayer Impacx

Tables 4-18,19.20 summarize the ratepayer impacis for each poiicy case. The format of
each table is as follows. After summarizing the incremental energy and capacity components of
the load shape changes. the avoided production cost benefits from the eariier tables are presented.
These beneiits are foilowed by the rate impact cosis previousiy desericed. The final column
presents the net benefit. which is the difference between the avoided production cost benefits and
the rate impact costs.

Since the rate impact costs are always, in fact, benefits, the ratepayer impacts of the policies
are always positive. In absolute terms, the Level 8/12 policy has the highest value, owing to sav-
ing the most energy. On a per unit basis, however the policy targeting peak electrical demands,
Level 12/AC, has the highest value. This conclusion results directly from the relatively greater
value of the avoided production cost benefits attributable to the policy. That is, since this policy
saves relauvely more capacity, it is accorded a higher valge.

Before taming to the ecalculation of societal costs, two comments oa the regulatory assump-
tions built into our calenlation of the rate impact cost are in order. Our earlier discussion of the
rate impact cost indicates that the benefits result from shori-run marginal costs that exceed lost
revenues. The lost revenue term is, in turn, & function of projected retail rates. Changes in the
level of future retail rates would modify these resuits. Our decision w simply project rates from
NPC information, consequently, deserves closer attention.

Finally, the decision to consider the rate impact ss a cos or, in this case. & benefit wo the
ratepayer relies on an assumption of perfect regulation. [n the absence of perfect reguiation, the
aver—collection of costs through revenues will be a benefit to the stockcholders of the utility.

Table 4-18. Ratepayer Impact - Level 8 Appliance Standards. All End-Uses

Nevada Power Company
A B A-B
Load Shape Change  Avoided Cost Benefit  Rate Impact Casz Net Benefit
Year | Energy Capacity | Total Total Total
(GWh)  (MW) | (MS)  ($/kWh) | (MS) ($/kWh) | (MS) ($/kWh)
1987 246 : 3 ] 88 0.358 035 0022 93 0.380
1988 24.9 16.4 8.4 0338 0.9 0035 92 0310
1889 2.1 248 8.0 0.318 -12 -0.049 92 0.367
1990 258 29 78 0.298 -15 -0.060 92 0.358
1991 26.1 408 71 0271 -1.7 -0.066 88 0.337
1992 21 473 54 0.246 -1 0072 70 0318
1903 21.6 536 48 0223 -16 0078 65 0299
1994 23 N7 43 0.201 -1.8 -0.080 62 0.280
1995 215 655 40 0.184 -1.8 0082 57 0.265
1996 213 70.8 35 0.162 -1.8 D028 ! 53 0.248
Total 25.1 708 62.0 0284 -145 0062 78.5 0.325

Alldolla.ra.mounumthelﬁmnnlueolsnﬁzgthehmmentdmghrl?yem. The disconnt
rate 1s the NPC weighted average cost of capnal (15.07%). Avoided cest benefits were taken from Table 4-
11. Rate mnpact costs were 1aken from Table 4-15. thbue&t-tbedxﬂetmbet'eentheavodedm
benefit and the rate inpact cost.
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Taba +19 Ratevaver Impact - Levei 12 Cooirng E=3-Uses. Levei 8 All Others
Nevada Power Company

A B A-B
Load Stape Change  Avoided Cost Bemefit  Rate f=nact Cost Net Benefit
Year | Ezergy  Capaeny | Total ! Totai Total
(GW2l  (MW) | (MS)  (S/KWh) | (MS} (§;kWh) | (MS) ($/kWh)
1587 203 194 15.6 0388 -12 -0.029 16.8 0.417
1988 200 380 14.7 0.363 -17 0042 16.4 0410
1989 411 56.5 143 0348 -22 -0.055 16.6 0.403
1990 423 741 13.6 0322 =27 -0.065 16.4 0.387
1991 417 90.0 122 0292 30 -0.071 15.1 0.3563
1992 354 1025 93 0253 27 -00%6 120 0.339
1993 B3 1141 82 0.234 -29 -0.081 11.1 0315
1994 39 125.0 75 0.208 30 -0.084 10.5 0293
1995 HS 1347 6.5 0.185 30 -0.086 9.5 0272
1996 334 1427 5.4 0.162 30 -0.090 8.4 0.253
Total 3203 1427 107 4 0282 -254 -0.067 132.8 0.349

All doliar amounts are he 1985 present vajus of savirg the merement of energy for 12 years. The discount
rate s the NPC wexgated average cost of capital (15.07%). Avoiced cost benefits were taken from Tabie 4
12. Rate impact costs were waien from Table 4-16. Net beneit 1 the difference between the avoided cost
benefit and the rate mpact cosz

Table 4-20. Ratepayer impact - Levei 12 Standards Cooling End-Uses Only
Nevada Power Company

A B A-B
Load Skape Change  Avoided Cost Beseiit . Raze inpact Comt Net Beneft
Year | Eneryy Capactty | Total Total Total
(GWR)  (MW) | (M$)  ($/KWh) | (MS) ($/kWh) | (MS} ($/kWh)
1987 245 17.5 108 0437 -10 -0.040 11.7 0478
1988 248 342 103 0416 -13 -0.053 11.6 0.468
1589 30 507 100 0399 -1.8 -0.064 11.6 0.463
1990 %6 65.2 85 0370 -19 0073 11.3 0.443
1991 231 799 84 0335 -20 -0.079 10.4 0415
1992 23 90.5 64 0303 -18 -0.084 82 0.387
1993 205 100.2 57 0214 -18 -0.089 7.5 0.363
1994 s 109.1 50 0211 -19 -0.092 69 0.333
1985 21 1168 43 0211 -19 -0.034 6.1 0.306
1996 182 1227 33 0122 -18 -0 058 51 oe
Total »5] 1227 736 0325 -17.0 0.075 90.6 0.401

All dollar amounts are the 1985 present value of savizg the mcrement of energy for 12 years. The diseount
rate s the NPC wexgnted average cost of caprtal (15.07%). Avoided cost benefits were taken from Table 4-
13. Rate inpact costs were taken from Table 4-17. Net benefit = the diffsrence between the avosied cost
benefit and the rate mpact coxt.
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4.8 SOCIETAL IMPACT

The cost to society of more eficient appliances is measured by considering the incremental
equipment cost of more efficient appliances. The benefits remain the avoided production costs.
Before describing these resuits. we define our caleulation of incremental equipment costs and
explain the use of a discount rate different from that used in the calcuiation of ratepayer impacts.

The relatively higher cost of efficient appliances has two impacts on the market for appli-
ances. First, those who purchase new appiiances pay a higher price. Second, total purchases of
appliances may change, because either higher equipment costs discourage purchasers or lower
Operalng costs encourage them. To aceount for the benefits properly, we muitiplied the per unit
mcremental equipment coss by the units purchased in the base case. The aiternative, taking the
difference between gross equipment expenditures in the policy and base cases (ineluding changes in
the number of units purchased) misrepresents the benefits. For example, if higher equipment
costs cavse a decrease In purchases of an appliance, then gross equipment costs in the policy case
would be lower, which would appear as a benefit. Conversely, if Jower operating costs induce
more purchases, the higher gross equipment expenditures would be calculated as a cost. For these
nuom,chmgsinpeunhcoﬂsmappliedtothelevelofpur:haminthebmcm(DOE,
1983}

In evaluating societal impacts it is appropriate to discount costs and benefits a¢ a rate lower
than the NPC weighted average cost of capital. We have used the NPC rate of disadvantage for
this purpase. The NPC rate of disadvantage is the NPC weighted average cost of capital reduced
by the tax benefits on the debt component, 11.85%. Appendix B contains supporting tables for
the compoaents of the societal cost caleulaton using the lower discount race,

From a societal perspective, only the Level 8 standard yields positive bepefits. The Level
8/12 policy has slightly negative impacts. but the Level 12/AC has large negative impacts.
Tables 4-21,22,23 summarize the societal impacts. The format of the tables is similar to those
used to summarize the ratepayer impact calculations. After presenung the load impacts and
avoided production coss previously described, the Tables show the equipment cost for the stap-
dard. The difference between the avoided production cost benefit and the equipment cost is the
et benefit to society.

Itisimuuct.ivelomt.besrmmeuyinthe results for the Level 8 and Levei 12/AC policy
cases. Both policies save similar amount of energy. The cost premium for the Levei 12/AC pok
iy, ho'ever,ismnrethuthreetimmthmthuofthehvelspoﬁcy- This cost premium
doenmavemeemg,rnhzritiscﬁrmdatnvingcapuity. These additional capacity
savings, mareover, only increase the avoided production cost benefits by aboqt twenty percent
and are easily outweighed by the cost premiom.

Misreamn:obdieveth&t.hecosspnmium associated with the more efficient appli-
ances may be over-estimated (see Kahn, 1986a). If this overestimate is large, then even the Level
12/AC standard may betome cost-efective. Only 2 smail overestimaie makes the Level 8/12
standard beneficial to society.
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Tabie 4+21. Socwsai Lmpact - Levei 8 Appliance Standards. A% Fad Uses
Nevada Power Company

A B A-B
Load Shape Chazge  Avoried Cost Benefit  Equipment Cost Net Benefit

Year | Energy  Capacty | Total Tetal | Total
(GWRi  (MW) (M$) {8/kWh) (MS)  {$/XWhi j (MS)  (3/kWh)

0.285 | AT 0192

1987 246 83 11.7 0477 70

1988 49 154 11.6 0 467 7.1 0285 |, 45 0.182
1989 5.1 248 116 0.460 7.2 0.287 44 0.173
1990 F-1] ns 11.5 0.450 72 0.230 43 0.170
1991 2.1 408 112 0.429 69 0.263 13 0.166
1992 21 443 9.1 0.410 5.6 0255 35 0155
1993 216 536 85 0.392 53 0.246 32 0.146
1994 n3 M7 81 0.365 5.1 0227 30 0.138
1995 215 65.5 T4 0.345 418 0.225 26 0119
1996 a3 056 68 0.317 47 0.221 21 0.036
Total | 2351 06 975 0.415 609 0.259 36.6 0.156

All doilar szounts (excepe equipment cost) are the 1985 present value of saving e merement of energy for
12 years. The discount raze = the NPC rate of disadvantage {11.85%). Avoiced cost benefits were taken
from Table 4112 Equpment costs were caicuiated by the LBL Remdential Ecergy Demand Model. Net
benefit is the difference between the avoided cost benefit and the equipment cost.

Table 4-22. Socwetal Impact - Levei 12 Cooling End-Uses, Level 8 All Others

Nevada Power Company
A B A-B
Load Skape Change  Avoided Cost Benesit Equipment Cost Net Benefit
Year | Energy Capacnty | Total Total Total
{GWh) (MW} | MS) ($/kWh) (M$)  (S/AWh} | (MS)  ($/kWh)
1987 403 19.4 M7 0.513 24.1 0.598 (34) (0.085)
1088 400 380 M2 0.505 24.5 0.611 (43) (0.108)
1889 411 545 204 0.496 4.3 0.603 {¢4) (0.107)
1990 223 741 202 0479 244 057 (42) (0.0s8)
1991 41.7 00 150 0.455 n3 0.550 (43) (0.105)
1992 35.4 1025 152 0.431 154 0.5499 (42} (o118}
1993 353 1141 T 14.3 0.405 183 0519 (40) (0.114)
1994 359 125.0 135 0375 176 0.489 (41) (0.114)
1995 us 1347 1211 0.3¢7 169 0.484 (48) (0.137)
1996 | 334 1427 106 0.317 16.5 0 434 {557 (0177
Total | 3903 1275 166.2 0.437 209.7 0.552 | (435) (0.115)

All dollar amounts (except equipment cost) are the 1985 present value of saving the mecrement of enesgy for
12 years The dmcount rate s the NPC rate of disadvantage (11.855F). Avoaded cost benefits were taken
from Table 4122 Equipment coms were calkculated by the LEL Residential Exergy Demand Model Nat
benefit 15 the difference between the avorded cost benefit and the equipment cost.
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Table 423 Socwtal Impact - Level 12 Stapdards. Cooling Ez5-Uses Only

Nevada Pswer Company
A B A-B
Load Shape Change  Avoided Cosz Benesit Equipment Cost Net Benefit
Year | Ezergy Capacty | Total Total Totai
(GWh) MW) (M$) {8/KWh} (Ms) (3/xwn) (MS)  $/xWh)
1987 | 246 175 110 0.570 21.7 0883 77 ‘0.313)
1983 | 248 342 139 0.561 21 0892 (32  {0331)
1989 | 250 50.7 139 0.557 225 088 | (86) {0341)
1990 25.6 66.2 13.7 0.537 2.1 0.853 (84) (0.228)
1991 25.1 799 128 0.509 21.1 0.829 (83) !’0330}
1992 | 213 90.5 102 0.481 176 082 | (74) (0345
1993 | 206 100.2 9.4 0.457 165 088 | (T1) 0.346)
194 | 208 109.1 87 0418 158 0780 | (71) {0.342)
1965 20.1 116.8 17 0.382 15.2 0.757 7.3) {0_3«'5)
1966 18.2 122.7 63 0344 148 0814 (8.5) (0470)
Total | 2261 1227 1107 0.489 189.4 0838 | (787) (0.349)

All dollar amounts (except equipment cost) ars the 1985 present value of saving the increment of energy for
12 years The discoynt rate is the NPC rate of dsadvantage (11.85%). Avoided cost bemeszs were taken
from Tabie 4132 Equipment costs were cziculated by the LBL Residential Energy Demand Model. Net
bemedit is the difference between the avoided cost benedit aad the equIpment cost.
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5. CONCLUSION

We have performed an integrated anaiysis of the finaneial impacts of mandatory residential
appliance efficiency standards in the service territory of the Nevada Power Company. Load shape
impacts were calculased using the LBL Residential Energy and LBL Residential Hourly and Peak
Demand Models. Financial impacts were calculated with the aid of a production-cost simulation
program. Fmancial impacts on both ratepayers and sogety were calculated.

The anaiysis began with detailed forecasts of energy and hourly demands from the LBL
Residential Eaergy and LBL Residential Houriy and Peak Demand Models. Together, these
models are capable of producing a twenty year forecass of hourly end-use electricity demands.
Though not analyzed in the current study, the LBL Residential Energy Mode! also accounts for
non-electrical energy use and fuel-switching. Extensive calibration to historic sales and peak
demands preceded these forecasts and achieved good agreement with utility records.

Three ievels of mandatory residential appiiance eficiency standards with a start date of
1987 were chosen 10 span a range of load shape impacts. The first, Level 8, mandated modest
increases in the efficiency of all appliances. This standard produced a rather even decrease in
forecast loads throuzhout the year. The second. Level §/12, was essentially the same standard
bav with a higher minimum efficiency for central air conditioners. This standard produced
dramatic reduction in summer peak demands and. due o the high saturation of central air condi-
Uopers. large energy savings as well. The third standard. Level 12/AC, targeted only space cool-
ing end-uses. This standard produced large reductions in peak demands along with modest
decreases in energy use, comparable to those produced by the Level 8 standard. The load shape
impacus of the three standards are summarized in Table 3-1.

Table 5-1. Summary of Residential Ciass Load Shape Impacts

Growth (1987-1996) Impact by 1996
Case Energy Demand |[{Load Factor Eaergy Demand
(%/yry  (R/y1) (%) (GWh) (MW) (MW}
Base 2.99 2.1 42
Levei 8 23 1.85 43 5.1 95.3 708
Level 8/12 1.92 0.11 48 3803 2272 1427
Level 12/AC 2.37 038 49 28.1 207.1 122.7

* Aversge change in demand for 500 higihest residential class loads.

The financial impact calculations relied largely oa the resuits of a production-cost model to
determine both long- and short-run avoided production cost benefits for the load shape impacts.
In the short-run, avoided production costs are determined by the variable operating costs of exist-
ing planie = the lzzgerun, sapital sosts of Momure plamis Sgure fnto the calewlaticn of avoided
production costs. Both a reliability or capacity-related component and an energy-related com-
pouent of the long-run capital investment decision were isolated. Once again, the production-cost
model was first calibrated to the utility’s own production-cost simnlation results.

The ratepayer impact of load shape changes was measured by comparing the avoided pro-
duction cost benefits against the rate impact costa. The rate impact cost is the under-recovery of
fixed costs resulting from decreased sales of electricity, which must be recovered from existing cus-
tomers. The rate impact cost was caiculated by redocing lost revenues, as determined by the
NPC forecast of future retail rates, by avoided marginal variable operating costs. For NPC, this
¢ost is, in fact. a benefit since avoided marginal variable operating costs exceed projected retail
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rates,

The societal impast of load shape changes compares the avoided production costs against
the additionsd cost of more efficient appiiances. A Jower discount rate was also used to compute
the present vaiue of savings.

Table 32 sommarizes the financiai impscts for the three policy cases. We find thas
ratepayers and society will differ in their prejerences for the appliance standards. The greatest
bepefit from the ratepaver perspective resuits from the standards resulting in the highest class
load factors. Level 8,12 and Level 12/AC. Levei 812 yields the largest savings, but Level 12/AC
has higher per unit values. Converseiy, the greatest benefit from the societal perspective resgits
from the Levei 8 andard. We noted uncertainty in our estimation of the eosts of more eificient
appliances, which could increase the cost-efectiveness of the standards from the societal perspec-
are.

Table 5-2. Summary of Financial Impacts

Ratepayer Perspective: Discount Rate = 15.07% (WACC)

A B A-B
Swandard Avoided Cost  Rate Impact Net [mpast
(M 18853) (M 18858} (M 19858) (18853/kWh)
Level 8 62 {15) 7 0.325
Levei 8,12 107 (25) 132 0.349
Level 12/AC 74 (17) 91 0.401

Societal Perspective: Discouns Rate = 11.85% (ROD)

A B A-B
Standard Avoided Cost  Equipment Net Impact
(M 1885%) (M 1385%) (M 19858) (19858/kWh)
Level 8 98 61 7 0.156
Level 8/12 166 210 (44) (0.115)
Level 12/AC 111 189 (78) (0.349)

The per unit values, 19858/kWh, represent the present value of the impact over the lifetime of
the appliances (12 years).
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APPENDIX A

This discussion provides the technical documentation for our determination of the optimal
deferral period resulting from the load shape impacts of the appliance standards. The interested
reader is directed to Kahn (1986b) for additional details of the underiying iogic behind the caleu-
lation.

The basic idea behind the deferral concept is that the deferral period represents. in an
approximate {ashion. the optimal supply system response to load shape changes. Three separate
simulations are required:

1.  Base case loads and resources (Case 1);
2. Base case loads with resources deferred by a given number of years (Case 2); and

3.  Base case Joads modified by poiicy case load shape impacts and with resources deferred as in

Case 2 (Case 3).

Our definition of optimality obtains when the present value of variable operating costs under the
Base Case (Case 1) are equal to thase under the Modified Loads/Deferral Case {Case 3).

The delerral period was determined to be 2 years based an two Modified Load/Deferral
Cases, incorporating the load shape impacts from the Level 8 and Level 8/12 standards. The
results indicate that for both discount rates, cosis are roughly the same using the Joad impacts
from the Level 8 standard and are reasonably close using the load impacts from the Level 8/12
standard. Table A-1 comuains oar resuits. Table A-2 contains the underlying annual quantities
from the Base and Modified Loads,Deferral Cases. More detailed stady would involve further
optimization.

Table A-1. Comparison of Base Case to Modified Loads Deferral Cases

WACC (15.07%2) ROD (11.85%)

Base Case / Level 8 Loads - 2 yr. Deferral = 1.024 1.021
Base Case / Level 8/12 Loads - 2 yr. Deferral = 1.076 1.082
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APPENDIX B

The following pages contain supporting avaided production cost tables for the calculation of
societal impacts. The values in these tables have been discounted to 1985 present values using

the NPC rate of disadvantage, 11.85%. The tables retain the numbering of their ecounterparts in
the text.
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