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THE ROLE OF ANALYTICAL MODELS: ISSUES AND FRONTIERS

INTRODUCTION

A number of modeling attempts to analyze the implications of increasing competition in the
electric power industry appeared in the early 1970s and occasionally throughout the early 1980s’.
Most of these of these analyses, however, considered only modest mechanisms to facilitate
increased bulk power transactions between utility systems. More fundamental changes in market
structure, such as the existence of independent power producers or wheeling transactions between
customers and utility producers, were not considered.

More recently in the course of the policy debate over increasing competition?, a number
of models have been used to analyze alternative scenarios of industry structure and regulation.
In this Energy Modeling Forum (EMF) exercise, we attempted to challenge existing modeling
frameworks beyond their original design capabilities. We tried to interpret alternative scenarios
(see Table 1) or other means of increasing competition in the electric power industry in the terms
of existing modeling frameworks, to gain perspective using such models on how the different
market players would interact, and to predict how electricity prices and other indicators of
industry behavior might evolve under the alternative scenarios.

We recognized from the outset that few, if any current electricity market models are capable
of accommodating comprehensively many of the key features of the current competitive trends
in the U.S. electricity market, including: (1) competition in generation, especially between utilities

and non-utility sources and (2) transmission activity generated by competition, (3) and

"These include Joskow, P. and R. Schmalansee, Markets for Power: An Analysis of Electrical

Utility Deregulation, Cambridge, MA: MIT Press, 1983 and Hobbs, B. and R. Schuler, "Electric
Utility Deregulation: Estimated Price and Welfare Consequences," Annual Meeting of the American
Association of the Advancement of Science, Detroit, MI, May 31, 1983.

2The policy debate centers around the 1988 FERC proposed rulemakings on competitive bidding

procedures and on various State and utility proposals to increase the use of independent power
production in providing new sources of electricity supply.

1



*6961 ‘Wwewssessy ABojoLUIE] 10 3OO [FDHNOS

‘Axjod
pug Me| 818G pue |piepa AqQ pepla
-01d Jueixe o) i015es Bupeloued oAy
-1edwoo w sjedpired ues seaeladoon

*seavebe Jemod ayqnd pue jeiepad e

"s|0esju0D Jemod YInq Jo ecuap
-nid pue simpew voneseued jo sseu
-eauedwos joyfisieao eiepa4 pue
8|e1g awog sbuipasacid Aojeinbel 4q
185 618 Seolid |(B}81 pUR UOISSRUSURL ),
|eiew Aq tas seopd Jemod yng

‘goeues yEnosy) pepiacid senales
ucisSiWSUBI pue ‘josjuoo ‘yoledsip
1amod jing pejpungup “Senlin uolng
-L1s1p Yiim 1581 sonddns 1emod ejenb
-ape Bupnoes pue puewsp Bujeusjse
Jo} Ajjiqisucdseyy suoneiede woishs
sing jo Apnqepes Joj Aujqisuodses
sawnsse Anuolssiwsugl ) ‘seubis
iew o] esuodses u uolelsusd
mau pling pue ‘veid 'Auap siojele
-LBE) "SBLIUB LONNGUISIP PUR "UDISSILE
-suel 'uoneieueb Buowe ds sjuoil

-eujpscoo pue Buuued weisAs yng e

"pasodu) eq Asw
sedales uolssuusues Buimessl uo
SUDIIPUCD  B{UELOSERY ‘Seulolsno
|{E)81 pUE B{ESB|OYM j[B 0] S58008 410}
~BUILLUDSIPUOU Suipaod 26Ures Lowiwos

® 9g sejriado IG|D8S UDISSHUSIRIL »

‘pajgjnbar Aous ere SBI
-1AljoR pue seoud uc|ssiwsUel | ‘paley
-nGal uewe) seoud (el pur se
| S 'siepEw
aalnedwoo yim peoe|der uo|eieusb
j0 voyenBas Auue pue eoiid Wesis

AojeinBes sje|g puB (E18pBd MoN

*SluaWSos UongUISp puUe "UolsSiLE
~sues| 'uoyeleusd ejeedes oju peiel

boijod
pue me| 0JeIS pue [eleped AQ POpIA
-0 Jueixe 0) Jopes Bulieiaueb eag
-jeduioa u ajediogred veo saaeiedons
‘seiouebe Jemod agnd pue [eseped

“s{ornuod temod ynq jo esusp
-nxd pue sjeyiew uoyeleueld |0 ssou
-aAl1edwosjo 1yBisiean [Riepad pue
eelg ewog ‘sBuipsesosd Lojenbes
Aq 188 em seoud |miel pue uols
-swstedy vereroBau *Buippg ybeoug
lowiBe AQ jes secud lemod ying

“gjaeauco YBnolyr pepiacd sool
~Aled UOisSILWSURI) pu' jQuluo3 'yojed
-3ip Jomod WNG pejpuNquUrY "eAIBs
o1 uojleByqgo perer supejel AN Uoj)
-nquisiq ‘voneledo pue jbluco wWeshs
1emod w|ng Joj Apjiqisucdses sewns
-58 JojRiedo usissiusue: ) olelieuel
pling pue vajd siojeseusl ealnedwon
"FOIUE UOINGUISIP pUE UCISSIWISUR)
Aq z0A0 ueNe) uarEUpOBY pue Bu
-ueid weysis Ao EuoHpes J0 1SOpY

*galjddng jemod ¥|ng Joj s380
-oe Aiojeujwissipuou eplaoid pue Joj
uagd o3 Ajyin uorgspusues] Apoyine
Buyeeym ojess|oym [2Jopa pesiey

‘se[es j[ejal pue saiyin
UGIINGUISID PUR UOISSILISUR)L Jo UoKe|
-nBas peruguoyy JeyEll Sallbdiuco
Yim peomides jojoes Uayeieueb o
vonenBes Ajue pue edld ‘swaeisds
fiojejnBes ejmg pue [Eieped MmN

‘5101005
UOINQUISIP pUB UBISSIUSUES WO

“foyjod pue me|
elelg pue |erepeg Aq pepiaoid jue)
-0 0} I0pes Buywieush salnediion
vl ejedpiped ueos ssaeiedood pue

‘seizuebe temod siqnd pue [eieped e

"S6{ES B|BSBOYM
10 SUDIJIPUDD PUR SWH] BOSIAAD $J0)
-ginBas |eiepeg pur &lelg '201ddns
uoser isep se Aijun Aq iing speid
eseg-sea 1o) jdevxe jusweinsold
aninedwo? ybnory; 163 saoid remod
ajesooyps sbupesooid Aiojeinbal
£q o3 seoyid volsspusues pue fejey

‘gizenuos ybnoiy) pepinoxd seniares
yoissiusue)) pue 'joquas ‘yojedsip
remod WNg pelpunqun ‘sIBUeo |o5
n pajnBeps Aq jonuod

PUB LO|IBUIPI00D WolSAS [RUOlPRIL o

{But
Joaym [eied ou) Auoyine Bujaeym
jsesdlu pqnd [Biapeq meu Japun o
‘sjuewsBuene pojmobeu Aejeand
Aq 10 ‘uonpuod Buippg ® se se)
-ynn Aqpeplacid sseaor uo|ssIwsURL |

‘siojoe;} eoud
-HOU o) BoNerapIsLty ynsm senddns
|SDD |SBMO[ D} PEpIEMmE SJ0Bi|U0D
'spesu Jemod NG Meu Joj juew

~ainood Bomos e asn sann ‘uolele

-uaB eanjedwon mou 1o} sejel paseq
~ienjreu s aingngs Aopnba Bugsg

‘seweIpisqns Buyelaued Anmn

‘sepiaozd me| 8lelg juBlXa
#y) o] Aluo peoaye seayeiedood pus
ssiouabe Jsmod oyqnd pue [eieped

“upnejrewe|dw)
Vddnd pue sejer |elel jo wbis
-1ea0 aielg {seseyond temed dd|
pareiieBeu jo eacdde Buipniow) OHI4
Ag |85 sejes oeseDyM pue seaud
UCISSIWISURY| "BOIAIBS JO 1SOD PUR
sBupessoid LiopeinBes Aq 195 se0u4

"S8G1AIBS pajpuUng
-Un 0] SJ0RIUST UM §1Bjuso [ol)
-uo3 jo s paseibiaju Aq jonuco
pUE UGHBUIO0T WB|SAS jeuoiipel],

[ty 18Mm0gd
[elopad Byj Jo {Uswpuewe seqinbel)
SSE00B UDISSJWSURY |IB]8] PUR BjBS
-BIGUM J0) pUEDUE]S fSeuau) oygnd
Jepun Auoyine Bujeeym [ezapedmen

(vddnd 10 wewpuswe esnbed kew)
84 o |osluasdiysiaumo Auin ng
Buipnpul ydund sepun Anparbre 40
lepw Qi sanjonas Arojeinbe: Buisixg

‘saplaoid mey 211G welxe
8y 01 Ao peraye seaieledoos pue
sepouebe jamod diqnd pue jRiepay

‘uofeluswedL
lar jo ybs .

VdHNnd pue sewrs |
-10A0 8jeig (seseysing remod, Jdi
poegoBeu jo easidde Buprioul} oy34
Aq 185 se|ed ese|oym pue seand
UDISSIWSUBRE] "EDIAIEBS JO |SOD pue
sBuipsesoid LojenBes Aq jes sesiid

"$10JUB |04

-u02 Jo senn pajebeju) Aqg jonuos
puUE UOKRLIPIODD WalsAS |euCipel)

RAUEIT

-plUBLE SSE00E UESILISURI) poleobey

. Cuanangsuocd pue Buverd Guinp
smaiaag sovepnid atpousd pue spoe
-[oid BuneseusB meu jo |eacsddeesd
aje)s Yiim sunjonus LojenBas Bunsixy

Sddl PUB 'S4 * ssojeeusl-)|es ‘sey .,

-LoYyINe Jemod |riepa ‘senleiadood

-s1658s;p 5| Ajsnpuj Ainn pejesBeju;
Busixe jo [onuoD pug dysieum)

pejefeibes jopses Bujeisuel anyad
-Wo3 jo diysiBump tainionss Asapy) e

pejejnBaiun pue sdd Aq pepuedxe ‘senue
seljjue Bunessuel jo xuur Buysixg e jo xpu Busixe jo s1SISUDD ANSNpy| e

semod oqnd 'sn O ‘sen poeieiBoiu
Alleoipea jo xilw € |0 S|5Isued Alsnpu) »

se|ddng Jemod
Hing ment 1o} bojijedwe)
£ oURUeDG

anonag Ann
peajeinBoy Buysix3g ey vl uoyedwon
pue sseody ucisspusuet| Bupuedxy
Z oteuang

ainjanyg Asnpuj pajebes6besiq B U
$O0|A10S UOSS|WSUBLY I8LURD UOWIWOD)
 opRUBOG

sejddng Jemog
Hng Iy 1o) volijedwo)
¥ CclBUBOS

uiebieg Loreinbey ey) Buweybueng -
| OUBYEDG :

.

Ansnpuy Jamod 21109[g 'S[1 24l ul
uonnaduo)) Suisealou] 10§ SOLIBUSIG SANBUISIY
1 919EL



competition among retailers in scenarios allowing retail wheeling of electricity. Nonetheless, some

important insights with existing models were possible.

ALTERNATIVE MODEL PARADIGMS

Models used in the electric power business span the spectrum of disciplines from basic
sciences, to engineering, to operations research, to economic policy models and econometrics.
The dramatic changes in the industry over the last decade have prompted development of these
models, particularly as utilities and other market players search for ways to analyze and plan in
the face of heightened technical, economic, and regulatory uncertainties.

Traditionally the vast array of engineering models used in the electric utility industry in
areas such as generation and transmission reliability analysis or load flow have seldom been
important in policy analysis. Planning models such as production costing or generation planning
arc usually approximated in some way in policy models. More recently efforts to systematically
incorporate load management and conservation in "least cost” planning models have challenged
these planning models, particularly in dealing with uncertainty. Nonetheless, approximations of
many system planning and operations functions are likely to become increasingly important as
policy models are employed in analyzing economic and regulatory scenarios that could have
significant impacts on power system operation and control. For example, transmission planning
and utilization may become very important features of the next generation of policy planning
models, especially if access to transmission services becomes available to a wider range of market
players. Some existing models approximate transmission capacities and constraints as a linear
transportation problem but are unable to capture the complexities of system constraints such as
voltage support or reactive power control.

Most policy-oriented electricity models and system planning models can only roughly

approximate transactions involving interconnection with neighboring utilities. For example,



multiple area dispatching production costing models that can account for purchases from
neighboring utilities and the associated transaction cost and impact on transmission utilization are
not generally used by utilities themselves, let alone policy analysts. One such model developed
by General Electric is only used on a sporadic basis by a small number of utilities to date, largely

because the data requirements are so extensive (see Box A).

BOX A
OVERVIEW OF THE GENERAL ELECTRIC
MULTI-AREA PRODUCTION SIMULATION MODEL

Although the use of transfer limits in multi-area models was a signilicant improvement over
single areca models, the simulation of power exchanges on the actual transmission system was not
accurately modeled. Within an area, the transmission system was modeled as having infinite
capacity and between areas transfers were limited by single constraints, rather than being
functions of the transmission system configuration. To improve the simulation, a methodology
was implemented utilizing distribution factors derived from ac power flow data, to represent the
flows on all the key transmission lines in the system. Distribution factors define how the output
of a generator will be distributed among the transmission lines within a power system.

The distribution factor procedure, developed by the New York Power Pool, is the basis for
the transmission methodology used in GE’s Multi-Area Production Simulation (MAPS) program.
This methodology allows simultaneous consideration of both pre- and post-contingency conditions
of the transmission system, recognizing transmission line limits in a "secure" economic dispatch.
As units are loaded, the power flows on the transmission lines are computed using the distribution
factors. Once the limit of a transmission line is exceeded, a least-cost modification to the unit
dispatch is used to relieve the overload. The dispatch process is then continued.

When using MAPS, transmission lines can be assigned summer and winter ratings, normal,
long-term emergency (L'TE), and short-term emergency (STE) ratings. The transmission line
limits may be based on thermal ratings, voltage considerations, or stability considerations. The
power and angle limitations of phase angle regulators can also be specified. Lastly, MAPS is able
to calculate transmission losses during dispatch according to the actual transmission line loadings.

Although MAPS provides a promising methodology for handling transmission constraints,
its data requirements are substantial. It has been applied to electric systems with 2200 buses and
4000 lines. Whether the approach can be used in a national electricity market model is an open
question. Feasibility will depend on the number of key transmission lines and the availability of
appropriate data; determining the level of aggregation that preserves the accuracy of the
methodology, while being feasible from a data availability and computational standpoint is itseif
a major research area.




Most current electricity market models are industrial organization models structured to
characterize the likely evolution of markets. They are often implemented through linear
programming, or other optimization techniques, or in some cases simple screening procedures {0
match supplies with demands at lowest cost. They often include detailed inventories of existing
generating capacity, characterizations of cost and performance of future generating options, and
assumptions of future load growth. Transmission costs are generally included only as bundled with
alternative generating options so that separate transmission investments cannot be analyzed.
Similarly, until recently, demand side options were considered only as an adjustment to the
demand curve, i.e., as a constraint rather than as a variable in optimization. Only the largest
market models include features of "price feedback” to account for the price elasticity of demand
for electricity or of major fuels such as coal or natural gas. Many models attempt to have fairly
sophisticated econometric characterizations of demand for electricity as a function of economic

activity.

SOME SPECIFIC EXAMPLES

The experiences of a number of models were reviewed and discussed in the course of the
EMF cffort. These included the DRI/McGraw Hill Electricity Markets Model® used by the DRI
in their Electricity Services Practice; the AES FOSSIL2* model used by the U.S. Department
of Energy and Applied Energy Services Corporation (AES), an independent power producer and
consulting services firm, in various planning activities; ICF, Inc.® which attempted to assess the

environmental implications of the notices of proposed rulemaking set forth by the FERC in 1988;

Larry Makovich, "DRI Energy Analysis of OTA’s Deregulation Scenario 4: All Source
Competition for All Bulk Power Supplics with Generation Segrepated from Transmission and
Distribution Services,” DRI Energy Group, Lexington, MA, February 22, 1988.

4Fossil2 reference.

51988 reference for EIS.



a model developed by Wharton Econometric Forecasting Associates® for use in regjonal
electricity market analysis, and the Energy Information Administration’s model of non-utility
power production.”

In the EMF exercise two of these models, the DRI and AES models, were used to try to

characterize the implications, principally on electricity prices, of alternative economic and

regulatory scenarios.

DRI Model

The DRI/McGraw Hill Electricity Model is a multiregional electricity market model,
combining U.S. Census and National Electric Reliability Council (NERC) regions. It includes
submodels that determine, in sequence, energy demand, peak power demand, capacity
requirements, generation energy requirements, fuel demands, financial requirements, and
clectricity prices. The demand model calculates electricity demand and dispatched electric energy
by means of a set of econometric equations that quantify the relationship between clectricity use
and economic activity including, household formation, commercial employment and electric
intensive industrial output. However, in the EMF exercise no price feedback to the demand
model was used. Appendix B includes a more detailed description of the DRI model ®

The DRI model uses a high level of regional detail. For example, the model distinguishes
between dispatched electric energy from utility sources (or under agreement from non-utility

sources) and cogeneration or imports. The model includes a rate base inventory of all generation,

®Farney et al.

"Eynon, Robert T. and Lessly Gouadarzi, "Analysis of Nonutility Electric Generation," U.S.
Department of Energy, Energy Information Administration, 1989.

®Larry Makovich, "DRI Energy Analysis of OTA’s Deregulation Scenario 4: All Source
Competition for All Bulk Power Supplies with Generation Segregated from Transmission and
Distribution Services,” DRI Energy Group, Lexington, MA, February 22, 1988,



transmission, and distribution assets. For purposes of the EMF analysis, DRI modified a number
of assumptions routinely employed in the model in order to characterize the alternative economic
and regulatory scenarios. For example, in order to simulate OTA scenario number four, the
investor- owned portion of generation was separated from the rate base inventory as of the
forecast year 1990. In the DRI analysis for EMF, only publicly owned generation assets and all
transmission and distribution assets were included in the rate base after 1990.

In the DRI model one mechanism for characterizing deregulation is to revalue assets. The
construction and financing costs of new generation were assumed to be identical for utility and
non-utility power producers. The model computes the long run marginal cost of new generation
as a weighted average of the least cost future technology mix (using the so-called "peaker
method"). These costs are calculated for each region regardless of whether utility or non-utility
power producers build or operate the capacity. Incremental capacity costs are modified upward
or downward to approximate market clearing capacity payments, which reflect the degree of
generating capacity shortage or surplus in each region.’ In the EMF analysis for scenarios in
which only new generation is deregulated, the model revalues the new generating capacity at
market clearing capacity payments while retaining all past assets in the rate base (along with
public power, transmission, and distribution) valued at historic embedded costs. Under full
deregulation, all generation assets are revalued at their replacement costs.

Another mechanism used by the DRI model to characterize deregulation is to price electric
energy as if it operated in a spot market, e.g., valuing hydroelectric power not on variable

operating costs but rather at the cost of the marginal operating unit (the average system lamda).

"Makovich, 1988, op.cit.



AES FOSSIL2

FOSSILZ is a dynamic simulation model of U.S. energy supply and demand. It was first
used in 1978 and has been used since then in support of the U.S. Department of Energy’s
biennial submission to Congress of the National Energy Plan. The model provides long term
(20-40 year) forecasts of U.S. energy supply and demand. Appendix C includes a more detailed
description of the model structure. For purposes of the EMF exercise, the electricity sector of
FOSSIL2 is the focus. ™

FOSSIL2 operates by first projecting demand for energy services (heat, light, steam, and
shaft power) in each end-use service category. The model then calculates the share of service
demand captured by end-use technologies such as conventional steam generation, cogeneration,
and conservation. The end-use market shares then determine a derived demand for clectricity:
the load that utilities must supply in the future. The electricity supply "module" of FOSSIL2 then
estimates the necessary commitment to new generating capacity (or purchases from non-utility
sources), the utilization of existing capacity, and the corresponding revenue requirements and
electricity rates to customers.

For purposes of the EMF analysis, the model was modified to permit accounting of
generation capacity and other assets according to alternative economic and regulatory scenarios.
In particular, some scenarios require electricity prices to be determined under traditional rate
regulation directly from system costs and a regulated rate of return. In some scenarios, prices are
sct under new rules: in one scenario (scenario 3), new generation is priced competitively at
long-run marginal cost under long-term (15-30 year) contracts. Finally, under total deregulation
of generation (scenario 4}, old assets are revalued so that all generation is priced at marginal cost.

The modifications to the FOSSIL2 electricity supply sector also include a variety of

non-utility generation technologies and costs. In particular, the DRI model assumes no difference

"Roger F. Naill and Sharon Belanger, "An Analysis of the Impacts of Deregulation of the U.S.
Electric Utility Industry," AES Corporation, July 18, 1989.

7



in the construction or financing costs between independent power producers and utilities. The
AES model assumes a 10 percent reduction in generation costs for independent power producers
relative to utilities, attributable to assumed lower financing, capital, and fuel costs as well as
increased plant availability (see Table 2). FOSSIL2 also assumes that technology choices for non-
utility suppliers are wider than that for utility suppliers, including projects using standard
pulverized coal (PC) boilers, circulating fluidized-bed coal boilers (CFBC), integrated coal
gasification combined cycle (IGCC), and small power producer technologies such as wind,
biomass, or small hydropower projects.

FOSSIL?2 includes a demand feedback loop in which the calculated electricity rates are used
by the "demand module" to estimate load growth. Hence the impact of the alternative economic

and regulatory scenarios on load growth are taken into account in the analysis.

Madel Results and Comparisons

The key results of the modeling exercise for DRI and AES models are illustrated in Figures
1 and 2, respectively. The DRI model was run only for a scenario in which all generation is
deregulated, i.e., in which generating assets are revalued at marginal cost and energy is revalued
at spot market prices. The AES model was run for four of the five alternative OTA scenarios
(see Table 1). Only Scenario 2, where the key feature is mandatory transmission access, is left
out since the model does not include an accounting of transmission constraints.

For the comparable scenario, full deregulation of all generation (Scenario 4), the AES and
DRI models both produced qualitatively similar results. Both models suggested that full
deregulation would create a producer "windfall," where electricity prices adjust abruptly from their
current levels based on embedded costs to a higher level based on long-run marginal costs.

In the DRI model, full deregulation resulted in a price "50 to 100 percent higher that in the

base" (DRI 1988, p. 2). DRI’s price as madeled for Scenario 4 (full deregulation) was based on
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o Figure 1
Electricity Price Under Deregulation of Generation: DRI Model
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long-run marginal costs. Long-run marginal costs were developed for capacity based upon
replacement value. Long-run marginal costs were further modified upward or downward to
reflect the degree of generating capacity shortage or surplus in each region. The deregulation
price encompassed only generation costs; transmission and distribution continued to be included
as in historic embedded costs because they were not deregulated in this scenario.

In the AES model, full deregulation resulted in a 10 percent increase in electricity prices.
The same basic market mechanism was at work as in the DRI analysis: prices increased as
existing utility generation assets were revalued upwards. These assets are now regulated at their
book value, and current electricity prices reflect this value (estimated at an average of about
$400/kilowatt in 1988 dollars). In the AES analysis, deregulation results in existing generation
assets being revalued somewhere between book value ($400/kW) and market value (roughly
$1,100/kW in 1988 dollars), resulting in a 0.6 cents/kWh (or 10 percent) increase in average U.S.
clectricity prices.

While the basic "behavior mode” from both models is the same (full deregulation results in
a price jump), the magnitude of the price increase is different between the two models. Since
both groups modeled full deregulation in the same way (prices are set equal long-run marginal
costs), the difference in the size of the price increase likely stems from a difference in what
constitutes long-run marginal costs. After some discussion, the analysts responsible for the two
models agreed that the major difference rests on whether, after full deregulation, the industry
would determine prices by using a "spot” market or would rely more on long- term contracts. The
DRI model takes a "spot market" approach, which results in large price windfalls in the 1990-2000
period when there is a shortage of electricity (similar to the WSCC experiment on spot market
pricing). The AES analysis assumes that generators will sign long-term contracts, and the
potential short-run windfalls {or losses) due to mismatches of supply and demand would be

mitigated. Spot market pricing would tend to make the behavior of electricity prices more volatile



under deregulation and is a separate issue worth examining if price deregulation is considered as
a serious policy option.

AES also tested the effects of scenarios other than full deregulation. Specifically, Figure
2 also shows the effects of the Public Utilities Regulatory Policy Act (PURPA) of 1978, which
in effect partially deregulated new generation capacity. This law was responsible for the existence
of "Qualifying Facilities"--cogenerators and small power producers who are independent from
traditional utilities and are unregulated (more generally called the independent power industry).
Non- utility generators (NUG’s) are assumed in the AES analysis to have lower costs (see Table
2). The lower costs come from competition: unregulated generation companies work creatively
to lower their capital, financing and operating costs in order to gain a competitive market
advantage. The result is that a large fraction of the market for new generation is captured by
NUG's, which lowers average electricity prices (the AES analysis show prices 2 to 3 percent
below a scenario 4 because deregulation affects only new generation--not all generation. Because
new generation is offered at a lower price in this scenario, average electricity prices are gradually
lowered.

Scenario 3 (deregulation of new generation) creates results very similar to Scenario 1,
except competition for new generation is intensified--resulting in lower prices than in Scenario
1. A new type of market player, the independent power producer or IPP, is added in this
scenario, allowing non-utility generation to capture a larger market share than with PURPA alone

(Scenario 1). Prices in this case are 5 percent lower than the base case.

Sensitivity Analysis

Both DRI and AES completed a number of sensitivity runs of models to determine the
degree to which differences in major assumptions could explain the differences in results. For

example, a critical assumption in the AES analysis is that deregulated (competitive) generation

10



will have lower costs than regulated generation. In fact, it is the goal of deregulation to capture
this "efficiency gain" through market mechanisms that lower prices by increasing competition.
Figures 3a and 3b test the behavior of the AES deregulation results under two alternative
assumptions about regulated versus deregulated generation costs: first, an assumption that
regulated and deregulated generation costs are the same, and a second case where deregulated
generation costs are 20 to 25 percent lower than with regulated utility generation (the base case
assumes 10 to 15 percent lower costs).

If the costs of generation are the same whether the industry is regulated or deregulated,
there are no efficiency gains to capture under deregulation. Deregulation of new generation
(Scenario 3) therefore results in prices essentially the same as in the base case (see Figure 1).
With a 20 percent reduction in costs from deregulation, the potential benefits from deregulation
are larger: possibley 10 percent lower average costs (the average decrease is less than 20 percent
because only new generation is affected).

Furthermore, the potential "windfall” effects of total deregulation. With total deregulation,
the price of existing generation goes up while the price of new generation goes down in the base
case AES run. If there is no cost advantage from deregulating new generation, the only effect
on price is the "windfall" price increase for existing generation (see Figure 2). However, a large
cost advantage from new generation can effectively offset the effect of "windfall" profits on
existing generation (see Figure 4b). Electricity deregulation is more or less attractive in direct
proportion to the potential cost reductions that might be associated with deregulation and
competition. Figure 2 shows the implications of deregulating all generation (new and old,
Scenario 4) versus only new generation (Scenario 3) using the AES model.

Figure 5 shows the DRI model sensitivity to the marginal costs of new generation for their
base case forecast. The results are relatively insensitive these costs. The explanation may have

to do with the scale of marginal investments relative to the installed base of generation assets.
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Figure 4
DRI Model Sensitivity to Marginal Generation Costs
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Even with very large decreases in marginal costs of new capacity (5-10 percent as shown in the
fipurc) are not likely to affect average electricity price very much unless the existing assets are
revalued as well, as in Scenario 4. For the DRI base case, there was only an 8 percent increase
in installed capacity between 1990 and 1995 and a 22 percent increase by 2010, even with
modestly aggressive accounting of capacity retirement.

AES also completed a sensitivity analysis of their results to the price feedback effect, which
generally was not substantial -- on average only several percent change from the base case
scenarios.

The differences in the results for Scenario 4, full deregulation, between the FOSSIL2 and
the DRI model appear to be rooted principally in the implementation of scenario assumptions.
In particular, DRI’s two mechanisms for implementing full deregulation are revaluing generation
assets at marginal capacity costs and revaluing delivered electrical energy at spot market prices.
FOSSILZ adopts only the first of these two assumptions which considerably moderates the rate
at which the electricity price under Scenario 4. Neither model, nor any other that we reviewed
in the course of EMF 10, is very well equipped at this point to deal with the likely practical
constraints that would accompany any scenario of increased competition, such as transmission

capacity, existing rate base constraints, limited procurements for new capacity, etc.

CONCLUSIONS

Existing electricity policy models need considerable enhancement to address many of the
major issues associated with increasing competition in the electric power industry. Nonetheless,
while only a few of the major issues related to increased competition have been addressed with
models to date, many of these issues could be modelled. Moreover, even existing models can
address some of the central issues, such as possible price paths of electricity during the transition

{rom the current trends in the industry to alternative, more market-oriented industry structures.
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However, many of the issues that we were able to analyze in the course of the EMF 10 exercise
are very sensitive to basic assumptions about economic growth, marginal generation costs, and
demand elasticity.

Despite the relatively small number of models for this exercise and the inherently large
amount of uncertainty involved in modeling structural change in an industry, the modeling results

scem to support the following conclusions:

1. Deregulating electricity prices could result in higher rather than lower prices over the
next 10-20 years. Both the DRI and AES analyses suggest that complete deregulation
of generation (Scenario 4) would increase electricity prices significantly (10-100
percent) in the near term.

2. On the other hand, policies that increase competition for new generation capacity will
likely lower electricity prices (see AES results in Figure 2). This conclusion depends
critically on whether competitive markets can offer lower-cost generation options
compared to regulated markets.

3. Both the AES and DRI modeling runs suggest that full deregulation including revaluing
of existing assets creates precipitous, perhaps turbulent changes in the structure of the
industry and electricity prices. Deregulation of new generation, as one might expect,
more gradual and orderly changes in the industry and in electricity prices.

Finally, this exercise also confirmed that of particular concern regarding the use of any

policy models, or more specifically of incorporating engineering models into a policy modeling
framework, is the lack of suitable data. For example, including transmission will be perhaps the

most challenging enhancement to the existing generation of models, but current data do not exist

to characterize the possible operating ranges of the existing transmission network.!’

HLine ratings, individual component limitations, and other data exist but are not very useful by
themselves. If operating system conditions constrain the use of lines for other reasons such as
parallel path flows, stability, contingency security, or even maintenance, much more information about
the way the transmission system is operated is necessary to evaluate the implications of proposals that
might affect system operation.
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