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ABSTRACT

This paper summarizes key findings from recent model assisted studies of conservation
strategy for the Pacific Northwest The models, known as CPAM or Conservation Policy Analysis
Models, were developed for the Office of Conservation of the Bonneville Power Administration
(BPA)0 A description of SPA's need for CPAM and their recent experiences in using CPAM to
assist in conservation studies are described in a separate paper to be presented at the Santa
Cruz meetingsm

This paper presents results from a recently completed sub-regional analyses along with
regional results from studies conducted during 1984-1985" The goal of the paper is to show the
likely changes In strategy evaluation due to changes in -'figures of merit" used in the evaluations
We also show the likely changes due to explicit consideration of the main sources of uncertainty
In electric resource planninge
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18 BACKGROUND

ork on the conservation models began in 1983 by adapting relevant structure from a simula­
tion model which had proven useful in studies for a ma.jor California utility (Ford and Harris 1984).
The first ep was to design a regional model in which conservation programs, system operation,
capacity expansion, and electricity pricing are conducted by a s· Ie entity. he regional model
has been used in an extensive analysis of the effects of aJternat e conservation strategies on
the Pacific Northwest as a who (Ford and Naill 19 ; ill, Ford a k 1 6). The next
step was to construct a sub-regional model which would disti between the I a.nd
resources of the investor-owned utiliti Is), ublicly...owned utilities, 8 the B The
two models are known collectively as C or th nservation Policy Analys Models. A short
description of M is given in a separate S ts z paper by Bull and Barton (1986); a more
detailed description is ven in 8 SPA report by Ford and Geinzer (1986)0

CPA was designed to give the conservation plannergreat flexibility In assembling a package
of conservation policies0 A ckage might i ude utility subs ias for increased efficiency of
e tric space heati in oJ homes and performance standar for improved space heating in
new homes. For other end uses (such as water heating, Ii ,orappliances), the p nner might
wish to consider ct utility subsidies, performance standards, or even a combination of subeo

sidies and sta PAM gives the conservation plannerthe freedom to specify a wide variety
of subsidies for nt e uses or for ant economic sectors. Programs aimed at the
residential and commercial sectors, r example, may strive to acquire low cost conservation
save s that will sub itut gh cost thermal pi s in the utilities' capacity expansion plans.

ograms aim at t aluminum industry, on the 0 r ha ,may strive to improve the industry's
profitability and to prevent loss of revenues to the A T conservation planner is also free to
sa t di ent su income 0 S or to simulate the effect of a programs on
the low, medium and high income groups represented in the modeL

nee the planner singles out a particular end use-customer group for a utility financial incen­
tive, reat flexibility is permitt in the design of that incentive. The utility might choose, for
exa , to pay a fix ntage of the cost of measures up to some maximum cost, or it
mig 00S6 pay yf rcostmeasuresontheconditionth thecustomerpayforthe
measures with lower cost nner may also choose when the incentive is to b in, how long

III and h er e inc tive design sho d be changed during e course of the planning
rio nt conservation strategies may be specified for the I Us and for the publi

owned utilities, and one may specify whether the utilities will implement separate conservation
p amsor whether they will pa cipate in PA programs and cost sharing. And finally, the
planner may choose from a variety of met ds to recover conservation expenditures. sse

elude cost aring with SPA, Immediate recovery through expensing, and delayed recovery
through capitalizationm
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In addition to tracking direct costs borne by the utility and the customers over the planning
interval, CPAM accounts for a variety of factors that can change the cost per "net kw saved" by a
program. (Here, "net savings" referrs to the difference In demand from a simulation with a
conservation program and a simulation without the program~)"Net savings" may be much smaller
than gross savings, for example, if customers are prone to install many of the subsidized mea­
sures due to price effects alone. When this happens, utility costs perunet kw" saved n be quite
high due to the redundancy between. programmatic conservation and price induced conserve."
tlon (European Commission 1984). UNet savings" may also be lower than expected if t analyst
specifies a "take-back" orurebound" effect Whereby consumers increase their electricity useage
when conservation measure savings lead to large reductions in the monthly electric bill. In some
cases, utility incentives to cut electric conservation costs may cause consumers to switch from
other fuels to electricity$ Net conservation savings can also turn out to be less then expected
when measures wear out orwhen the buildings they are installed in are torn down. None of these
cases affect the cost of Installing individual conservation measures, but they all affect the cost to
the utility per "net kw saved," and are a potentially important part of CPAM simulations of
conservation strategies.

II~ FIURES f MERIT

CPA was designed with sufficient detail to represent the many conservation policy options of
interest SPA, generate an internally consistent set of projections, and to provide "figures of
merit" oryardsticks to gauge the success or failure of conservation strategies. The three "figures
of merit" of most interest in the Pacific Northwest are electric rates, utility revenues and energy
service cost~

A@ Electric Rate'

Changes in electric rates (ie, miUs/kwh) are one of the most closely studied yardsticks in policy
studies completed to date. CPAM simulation d to show adverse rate impacts during the first
few years after the initiation of a incentive program. Depending on the timing of the program and
the utility costs per 4'net kw" saved, the rate penalties may be quite small (under 1% in the worst
year) and may only last for 3 or 4 years$ Subsidies that prove quite costly per "net kwh saved or
which generate savings periods of surplus generating capacity show larger and
more persistent rate penalties. (The question of how to time the implementation of utility con...
aervation pr rams in the face of a Ie e but uncertain surplus of generating capacity is address&
ed in a separate A paper ( , Ford a ickock 19 ).) The short-term adverse rate Impacts
are primarily attributed to the ancing costs of the incentive progra.m and the lower sales of
electricity to customers participating in the programlP

For almost all programs tested to date, the short term rate penalties are followed by a period of
rate benefits.The benefits usually appearabout the time in the simulation when the conservation
savings lead to postponements or reductions in power plant construction. The transition from
penalties to benefits is affected by a wide variety of factors Including the cost of the incentive per
d4net kw" saved. how rapidly customers participate In the program, whether the subsidies are
capitalized or expens , the likely duration of any generation surplus, the cost and Ie time of

e generating resources being displaced. and whether e utilities are allowed to count con...
struction work in progress (CWIP) in their rate baseo Atypical "figure of meritl1t used to combine the



effects of the short-term rate penalties and the long-term rate benefits is a simple average rate
Impact observed over the entire planning period. (We have also calculated a discounted cost of
service to a typical residential non-participant, and we have calculated discounted, average rate
impacts. These measures may be more appealing to analysts who feel that rate Impacts in the
distant future should not be weighted as heavily as near term rate impacts.)

Bll Utility Revenue.

Total utility revenues is anotherwidely used "figure of merit," and CPAM prepares a discounted
sum of annual utility revenues for use in evaluating conservation strategies. This yardstick
includes the utilities' traditional costs (such as fuel, maintenance, construction, and interest) as
wei s the utilities' costs for the conservation incentive program. In policy studies completed to
date,we have only found one or two instances when a utility incentive program did not reduce the
utilities' total, discounted revenues. ne reason forthis finding is that SPA planners typically limit
incentive programs or performance standards to conservation measures whose total cost does
not exceed the levelized CO.8t of electricity generation from new power plants. Another reason,
however, is that the utility revenues yardstick misses an important part of the picture, the costs
Incurred by consumers in participating in the incentive program or in complying with perfor­
mance standards..

Ce Energy S. Ice Costa

The energy service cost yardstick takes the consumers' expenditures into account by combin00
eng the customers' conservation spending with the utilities' revenues to obtain the total costs in
each year of the planning period to provide electric energy services. The present value of these
annual costs Is the most comprehensive '1igure of merit" for evaluating conservation policiese
This yardstick combines both the consumers' electric bill payments to the utility with the cus­
tomers' own investments in conservation measuresG Energy service cost is a key yardstick In the
Pacific Northwest because of the Pacific Northwest Electric Power Planning and Conservation
Act's finitions of "conservation," "system cost," and resource "cost-effectiveness" (SPA 1981).
Acrol e r the coun , utilities and state agencies are becoming more familiar with
"least " energy plans that aim to reduce total costs allin off and Mit ell 1 5; Sant,
Bakke and II 1984)~ Their view is planners should strive to minimize the cost of electric
energy services, not just the cost of electricity.

In policy studies completed to date, conservation programs are usually less attractive when
judged by improvement in energy service cost than by Improvement in total utility revenues. In a
recent test, for example, a package of subsidies for all economic sectors was projected to reduce
total, discounted utility revenues by $1,830 millions The projected reduction in energy service
cost, however. was only S880 million. The $950 million difference was the model's projection of
the extra conservation spending by the region's customers due to the incentive program. This
general pattern occurs in simulations with incentive pr rams that encourage customers to buy
more measures and to buy them sooner. The pattern also occurs in simulations with rlormance
standards where the utility pa none of the cost of the conservation measuresG In a few policy
tests, however,we project t t incentive programs lead customers to spend less on conservation
tha.n if there were no programe This can occur when the utility pays for the vast majority of the
conservation costs, and these costs then become part of the utility's revenue requirements.
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In a typical policy evaluation, the energy service cost yardstick is used to judge the overall
attractiveness of the conservation strategy. and electric rate impacts are used to gauge the
impact on those customers who do not participate in the programs. The impact on utility revenue
requirements is also calculated for possible comparison with revenue requirements projected
with other models. A typical evaluation may also include an examination of key financial ratios
(such as interest coverage) and budget projections.

Ille SELECTED RESULTS

CPAM has been used in a general analysis in "Conservation Policy in the Pacific Northwest"
(Ford and NaU11985)and in a specific analysis ofconservation policies of interest in SPA's 1986
resource strategy. Selected results from these recent applications are presented belowe

Ae Conlervaltlon Benefits D••plte the Surplus

Electric planners expect that the current surplus of generating capacity in the Pacific North...
west wittlast foraround 10years. With surplus conditions, additional conservation savings do not
lead immediately to a reduction in utility spending on new generating capacitYe Rather, the
Immedia.te effect is to reduce net operating costs due to extra secondary sales to California. This
benefit is usually smaller than the costs of financing the conservation program, so planners
should expect that conservation programs will lead to rate penalties during the surplus periods
Depending on the duration of the sur us, e main benefit 0 rams may not materialize for 5...
10 years, or until the utilities would e able to cut construction spendi because of the proe

grams. These circumstances have prompted many utilities to cancel conservation subsidies and
shift the focus of their "demand side planning" orts to ena y marketing programs that would
Increase electric sales during the surplus period. Many planners argue that conservation pro­
grams should be pre-tested and then "put on the shelf" while the region waits for the surplus to
diministt

CPAM keeps track of both the short-term and long-term effects of conservation programs and
81 ws t planner to judge the merits of inating (or continuing) conservation Incentive pro'"
grams in e face and prolonged surplus.The manysimulations completed t ate show
that w signed conservation sms c be implemented despite the Burpl A variety
of conservation pr rams have en ide ified that, whe plemented in the next budget
ante I, yie positive benefits regardless ofwhich ''figure of merit" is used in program evaluation"
AU programs lead to lower utility revenue requirements; almost all programs lead to lowerenergy
service cost; and aU except the more aggressive programs lead to rate benefits to the non@
participants (when rate impacts are averaged over the entire 20 year planning period)..

Why such positive results? The main reason is that the incentive policies have been appropri...
8.tely designed before the simulation analyses began. More specifically, most incentive pro'"
grams d to date are:

., d at measures whose total cost Is lower than the levelized cost of new coal
plants;

• projected to show, a relatively small "loss of savings" due to the ilrebound effect;"

• projected to show relatively low "redundancy" (European Commission 1984);

• capitalized to allow utility costs to be recovered over- the Ufe of the conservation measure
(rather than In the year of the Investment); and



• paced to denver their savings spread out over the course of the planning period (rather than
concentrated during the period prior to the need to start construction on new power
plants)e

With these assumptions, the CPAM simulations show that many ongoing programs could be
continued and new programs could be initiated as early as 198 A more detail discussion of
the benefits of early imp'ementation despite the generating surplus appears In a. separate SPA
paper (Naill, Ford and Hickock 1986)0

B. The Tradeoff From ore Aggressive Programs

AU utility financial incentive programs tested to date generate rate penalties for several years
after program startup, but almost all Incentive pro ams generate rate nefits Is r in the
planning periode s not above, all but the more a ressive incentive programs yield rate
belnef:itsthat outwei the rate penalties when rate effects are averaged over the entire 20 year
planning period. With the more gressive ograms, t utilities pay more per kw saved, and a
Ie ef portion the net savi s occurearly In the simutation period. dar these circumstances,

simulations e shown that the near term rate pe EtS outweigh e 10 term rate
tSe Altho verse results are found on one "fi e of merit, he 8im Ions show that

the more aggressive incentive policies do liver la r ben the region In terms of ena
service cost~ Thus, conservation planning is made It a value trade involving the two
worthy goals of minimizing the cost of electric energy services and minimizing the price of
electricity~

The lue tradeoff is Illustrated in Figure 1A by showing the range of possible results from
prajse changes in these two "figures of rit." The upper r t quadrant shows the most
desirable result, conservation programs reduce electric rates as well as energy service cost. The

ira e combination is represented lower left quadrant where programs are
expect to cause h her energy service costs as well 8S higher electric rates. The lower right
quadrant represents the high unlikely outcome tUlly subsidies would lower electric rates
witho ower· energy service coste in t upper left quadrant, we represent the possibility
that lubsidies reduce energy service costs but increase the price of electricity.

Figure 1B retains 'the upper half of gure 1A showing the 0 quadrants where simulated
s are most likely to occur~ · ure 1 Iso shows results from recently camp d regi
p ctions for two pa s of subsidies~The so-cad .. anced prOm

gram" fA package of subsi es r residential, comm It and industrial customers that was
projec d de r positive results th "figures rit": an energyservice cost reduction
about $1 Ilion and an ave rate benefit of ab 081 mills! g The "blitz" p ram is
comprised of a a ge of su forthe same customers, but the utility pays forthe total cost
Of ~COflse~N~ltIO~nmeasuress assume t this more generous policy will to more rapid

r partie tion, and the ulations s e IIlty cost er &Anat saved is
co rab erB ,the IAbl "p. rmits the regio utilities to acquire conservation
savings much morer at greater cost per "net kw" acquire he simulated effect the

Utz" was a $1 ~4 illion reduction in ener service costs and a rate penalty of 75 miUs/kwhr
8\1 d over the 20 year planning period. oosl between the "balanced p rams" and

licies shown in F· ure 1B requires the conaarv ion policy maker to wei the impor.,.
tance he two key als ectric resource policY$ If reducing tot s em cost is given utmost
i fiance, t 4'blitz' ram wo d ad ted despite the adverse rate i tS01f minimizing
electric rates is given equal billing, policy makers would shift toward the less aggressive policies
like the "balanced programs."
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c~ Minimizing the Risk. of Con••rvatlon Programs

The Figure 1B results show the simulated impacts for two conservation policies under base
case assumptions adopted in the Spring of 1985. These assum.ptions include medium growth in
the re on's economy, no cancellations of the two remaining ashington Public Power Supply
System (WPPSS) nuclear units, no significant small hydro resource, 42 mills/kwhrleveUzed cost
for newcoal plants, nofirm sale to California, regular conditions in the aluminum marketplace and
a larger intertie capa.city for transmission to California. Since these and other aspects of the base
case scena.rio are highly unce in, hundreds of sensitivity t s va been completed srn
whic of the many uncertainties lead to atest changes in the simul ad impact of conserva~
ticn policies. Two of the more extreme scenari.os are portrayed a.long s· the base case in
Figure 2. This diagram shows asimple decision tree with one decision node and four uncertainty
nodes. An uncondltionalde.cision to implement the "blitz" policy orta offerno further incentives is
tabs analysed with independent uncertain.ties in (1 ) the rate of growth of the regional economy,
(2) the number of WPPSS units cancelled, (3) the market place for aluminum, and (4) the market
for secon ry power. The darkened legs through the top version of the decision tree show the
assumptions adopted for the base case comparison~In the iddle version. we show an extreme
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Figo 20 Example of a simple decision analysiso



set of assumptions which would make the "blitz" policy highly unattractive: slower growth in the
regional economy, no WPPSS cancellations, a low price of aluminum (leading to majorclosures in
smelting capacity, loss of DSlload, and more congestion on the intertie) and pessimistic assump·
tions about the size of the intertie and the California utilities' appetite for secondary power. The
opposite extreme provides the best possible conditions for implementing the "blitz," rapid
growth In the economy, two WPPSS cancellations, high aluminum prices, and optimistic assump­
tions on secondary sales.

Simulations for the "blitz" policy show greater variability In simulated impacts than the
"balanced program." Under the best case conditions (where conservation savings are needed as
quickly as possible), the blitz delivers positive Impacts on both '1igures of merit," a $2.5 billion
reduction In energy service costs and a 0.3 mills/kwhr average rate benefit With worst case
conditions (where the surplus is prolonged and t intertie Is saturated), the "bit "delivers
negativeimpacis: a 1.2 billion increase in energy service cost and a 2 mills/kwhr average rate
penalty. These extreme results maybe combined with t base case Impacts iva expected
values with Hering assessments of the relative likaliho of the as cases~ e 4'symmetric"
resu It in Figure 3, r exampie, gives the expected impact of the " policy with a 60% probabi10

tty r the e case and % for the two extreme cases. The" st" and "worst" case results in
Figure 3 show the expect mpacts when the extreme cases are considered h hly probable0
Figure 3 shows a similar set of expected impacts for th 'b cad pr rams." h a symmetric
set of prob lit that assign estest likelihood to the se case, the expected impact falls in

up.per right quadrant Figure 3s.hows that one mlghtexpect average rate penalties from
~lII;,1I,m~§ n.,d15J~ programs" only if one thought the probabilities should be heavily slanted toward the

worst case assumptionS0 But even under these conditions! the expected rate penalty is
only 0&1S miUslkwhr when averaged over the planning period0
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Although the preceding decision analysis Is quite simple, the Figure 3 results point toward two
important conclusions that should turn up in more complicated considerations of conservation
planning under uncertainty_ First, we conclude that the variation in expected penormance of the
"balanced programs" is much less than the variation for the "blitz."Since hlghvariability of
pe.rformanceis assoclatedwith high risk, one would conclude that th.8 ubalanced.programs" is a
safer strategy. The lower risk of the ·'balanc.ed programs" arises from the fact that Bemaller
proportion of net savings appears during the first ten years of the simulation and the utility pays
far Jess per "netkw" saved. Asa general rule, therefore, we conclude that aggressive strategies
like the "blitz" can deliver greater benefits (measured In terms of energy service cost), but one
must expect adverse rate impacts and greater risk.

A second conclusion from Figure 3 is that the expected performance with symmetric probabili e

ties is less attractive than the performance found in the base case simulation. We attribute this
shift to asymmetries in simulated performance between the three cases of Figure 2. Specifically,
we find that conservation policies look somewhatbetter when changing from base case to best
case conditions, but they look far worse when shifting to worst case conditions. The main cause
of this asymmetric behavior is the asymmetry in the duration of the capacity surplus.That is, worst
case conditions can result in a seemingly permanent surplus whereas best case conditions
merely advance the transition to deficit by a few years.

IV~ SUMMARY

Thisp.aper summarizes key findings from model assisted studies of conservation strategies for
the Pacific Northwest We focus on the main figures of merit used in evaluating alternative
strategies whose impacts are simulated with SPA's CPAM models. We demonstrate a simple way
to represent the tradeoffs that may be necessary when conservation Incentive programs lower
energy service costs but increase electric rates. We also demonstrate a simple method of
incorporating uncertainty in loads and resources into the tradeoff analysis.
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