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Abstract

In recent times, the gpplication of standard cost-benefit analysisto development projects
hasled to appraisas are biased upwards, and are dso poor predictors of the actud returnsfrom
these projects  Similarly, the North American and European experience with energy
consarvation projects has shown a clear tendency to under-estimate costs and over-estimate
benefits. Hence, unless appropriate changes are mede in the methodology, ex-ante appraisals
of energy conservation projectsin developing countries are likely to be poor guides of theactud
outcomes from the projects as wdl as of the hogt country's willingness to actualy implement
the projects.

Consequently, GEF’s rule of classifying projects as ineligible for GEF support (Typel
projects) based on the gppraisa of net domestic benefitsa one suffersfrom two potential flaws.
First, under the present methodology, the appraisds tend to result in over-optimistic
assessments, so that GEF mey fail to support projects that mey nesd support.  Second, this
classfication method fails to take account of the host country's assessment of the project, which
mey not be based solely on the appraised net domestic benefits. Thus, GEF may mistakenly
conclude that the host country will implement the project on itsown. It is suggested that GEF
revise its decison rule to take account not only of the gppraised net domestic benefits, but also
of other factors such as the amount of globa environmental benefits at stake and the levd of
financia support to be provided by GEF.
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evaluate and possbly provide funds for the proposed project; (i) Utility costs, which are
incurred by the implementation agency (and associated trade alies or non-profit groups) that
executes, monitors, and possbly conductsongoing or ex-post evaluationsof the project; and (iii)
End-user costs, which are incurred by the end-users, who are the beneficiaries of the project,
but who may also have to bear some codts.

6. Appraisas and evduations of energy conservation programs in North America and
European have frequently failed to consider the full panoply of costs, even when a conscious
effort has been made to be comprehensive. Basad on this experience, there is likely to be
significant underestimation of al three categories of costs inn potentiad GEF projects. In
principle, it should be relaively straightforward to verify that al three categories of costs have
been taken into account in the cost-benefitanalyss of GEF projects. However, in practice, there
may be difficulties in arriving at reasonable estimates of costs, and some costs may be
overlooked completely. Hence, actud social costs of energy consarvation projectsare likely to
be under-estimated, unless specid care has been taken to ensure that this is not the case.

Flaws in estimating benefitsof energy conservation projects

1. Based on the experience in North America, it is a common theme that energy savings,
which are the benefits of the energy conservation programs, have been frequently and
significantly overestimated in theex-ante gppraisdsof these programs. In any case, the "actua”
savings from an energy conservation project are often to difficult to calculate precisely because
they are equd to an actua post-ingallation consumption subtracted from a hypothetical baseline
consumption that would have occurred hed the program not been in place, and al other factors
hed held constant.

8. There are a number of factorsthat lead to ex-post energy savings which are less than the
ex-ante anticipated savings. (i) improper definition of program impact; (ii) lower than expected
participation rates; (iii) "Freeriders' and "takeback" effects; and (iv) equipment failure, misuse
and lack of persstence of effects. Whileit may be relatively straightforward to ensure that the
proper definition of program impact -- the net program impact -- is used, there may be
difficultiesin taking account of the other factors. For instance, the actud participation rate will
depend upon a diversity of factors, such as the discount rate, transaction costs, the priorities of
the end-users, and the nature of the promotiona campaign, adl of which may be difficult to
estimate or assess on an a-ante bass. Similarly, there may be unanticipated takeback effects,
which impliesthat the initid declinein energy consumption and tota energy costs brought about
by the energy-efficient technology induces end-users to increase their use of the service, e.g.,
users may use ther energy-efficient compact fluorescent lamps for longer hours then
conventiond lamps. Finally, the history of energy projectsin the developing countries indicates
that thereisa potentia for significant problemsin the installation, proper use, and maintenance
of energy efficient technologies and devices, particularly for those with which the loca people
have limited familiarity and experience. Thus, even if there are initial savings from energy
conservation projects, these have the potential of declining steadily over time. It would be
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prudent for GEF to verify whether the proposed project has taken account of this potentia
decline in benefits over time, or taken Seps to prevent such a decline.

Uncertainty, risk, and decison rules

9 It islikely that even after the biases in ex-ante estimates of costs and benefits of energy
conservation projects have bean reduced or diminated, there will remain substantia uncertainty
about the actud e benefits of energy consarvation projects thaa GEF may support.
Consequently, any decison-maker, i.e., the Government or GEF, who relies on the ex-ante
appraisa to meke adecison about an investment project faces significant probabilities of getting
fdse-podtive’ and/or "fase-negative' reaults For example, the Government mey end-up
undertaking projects that do nat deliver the expected results ("fal se-positive') and/or it ney fail
to undertake projects that would have brought substantial benefits to the country ("false-
negative").

10. Whilethereisan extensveliteratureon risk and uncertainty, even wel-known theoretica
concepts have not bean extensvely incorporated into project gppraisas. At the same time, it
is dso clear that many o the theoretical results available in the literature are not sufficiently
practicd to be reedily gpplied in the gpopraisa o projectsin deveoping countries

Government response to uncertainty

11.  Inview o the biases and uncertainty associated with the conventional ex-ante gppraisal
of net domestic benefits, governments mey be reluctant to rely solely on such gppraisalsto meke
decisons about undertaking energy-efficiency projects. It islikely that different Governments
would have different responses to the uncertainty associated with GEF projects. One response
of the decison-maker may be to conduct a heurigtic, back-of-the-envelopeandyss to determine
"low-casg" or "worst-case' outcomes.  An extremdy risk-averse decison-maker may wish to
be sure that the worg-case scenario associated with the project isacceptable. Or, a risk-averse
decison-maker may gpprove only those projects whose "low-casg' estimatedf the net domestic
benefitsexceeds a particular vdue. Even if no andyss is conducted to determine "low-case"
outcomes, a Government mey be willing to undertake only those energy consarvgtion projects
that require low initid capital expenditures, so that the project can be terminated at relatively
low cost if there are early indications that the project will fail to achieve its projects benefits.

GEF’s response to uncertainty

12.  Apat from the uncertainty associated with projected net domestic benefits, GEF dso hes
to condder the uncertainties associated the decison-making rules used by Governments. It is
clear that a hog country mey not undertake a project even if GEF classfiesit as Type I, in
which case the globa environmenta benefitsassociated with it will not be realized.

13.  An atempt by GEF to take account o the Government's decison-rule in formulating
GEF’s own decision-making rule about whether or not to support a particular project would leed
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to a mord hazard, because it would provide an incentives for Governments to adopt a dated
policy of "We will not undertake these types of projects on our own" merdly in order to secure
GEF support. Thus, GEF will run the risk of supporting projects that do not need GEF support,
i.e., "fdse pogtive' results.

14.  On theother hand, if GEF continues to dassfy projectsas Type | and TypeII based on
the gppraised net domediic benefits, then GEF faces two problems.  First, until the project
gopraisd methodology is modified to take account o its failings and biases and risks, the
goprased net benefitsare serioudy flawed, and GEF would run the risk of both "false positive”
and "fase negative' results, where "fase negative' representsfailing to support projects that
require GEF support. Second, even with an gppropriately modified methodology, adecison rule
besad soldy on the (correctly) projected net benefits will fail to take account of the potentidly
different reponses of different Governments to Smilar projects, i.e., some Governments may
be more risk-averse then others. Therefore, GEF mey face sSgnificant risks of getting "fase
negative' results,

15.  Mahematicdly, it is nat possble for GEF to devdop a decison-meking rule that
smultaneoudy minimizes the probabilitiesof bath "false postive' and "fase negdive' results.
Therefore, in deciding whether to focuson "fase negative' or "fase postive' results, GEF will
have to take account of the consequences of these types of results  If subgtantid globd
environmenta benefits are a sake, then GEF may be womed about denying a smdl amount
of support to project and taking the risk thet the project mey never be undertaken, i.e., thefocus
would be on minimizing "false negative' results.  Alternatively, if subgtantiad GEF funding is
required, then GEF mey be womed about "false positive' results. The implicationis that GEF
has to develop itsown risk profile, and deveop decison-making rules that take account of the
amount of GEF funding at sake and the estimated globd environmenta benefits.
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1. INTRODUCTION

11  Oreof theandyticd problemsfaced by the Globa Environmentd Facility (GEF) is the
rationde for providing financial support for so-caled "Type |" projects. These projects have
two defining characterigtics: (i) they offer gnificant globd environmentd benefits, and (ii) they
appear to offer postive ne domedtic benefits when evduated in the standard economic cost-
benefit framework. The second characteristicimpliesthat Type | projects should be undertaken
by hogt countries without any nesd for financid support from GEF bassd on globd
environmental consderations. If these Type | projects are actudly undertaken without GEF
financia support, then consderable globd environmenta benefits will be redized without the
use of GEF funds

12 However, there are concernsthat Type |l projects may naot be implemented even though
they appear to offer pogtive net benefits. If these projects are not undertaken, then the globd
environmental benefits associated with the projects will not be redlized. Thus, it mey be
appropriate for GEF to provide financid support for such projects in order to redize the globd
environmenta benefits.

13  Theobjectived this paper isto identify thefactors that may leed projectsto beclassfied
as Type | even though they do not actudly offer podtive net domestic benefits. In accordance
with the terms of reference, the focus of this paper is on energy projects, particularly energy
conservation projects that mey have sgnificant globa environmenta benefits. No new research
has been undertaken for this paper, ad it is based on a review and synthess of the results
availablein the literature.

1.4  Thebadc goproach taken in this paper is to condder the a-ante cdculated net domestic
benefits associated with a project as an edtimate thet is subject to error. There are two broed
sources of error which lead to over-optimigtic a-ante assessmentsof proj jectsrelevant for GEF:

. flaws in the gpplication of cost-benefit andyds to developmeht projects in
generd;

° flaws specific to energy conservation projects.

Once these errors are taken into account, it mey turn out to be the case thata project that
appears to provide net domedtic benefits actualy does nat do 0. The failure to actualy provide
positive net domestic benefits would then make a project a potentia candidatefor GEF financia

support.

15  There hes been substantial experience with energy conservation projects, and more
generally demand-side management( DSMV) programsin North America and Europe, while such

projects are gill relatively few in the developing countries. Hence, it is ussful to consder the
problems that emerged in the North American and European experience with the gppraisa and
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implementation of these projects. As shown below, even after more then a decade of experience
with DSV programs in the U.S. and Europe, there is still a mgor need to improve the quaity
of data collection, without which it is difficult to providea rigorous appraisal and evaluation of
D3M programs.

Need for Better Data on DSM programs

16  May obsarversin the U.S. who have been closdly involved with DSM programs find
that the level and quality of the data bout these programsis inadequate. For example, after a
detailed andysisabout the typeof data usad for gppraising and evauating DSM programsin the
U.S, Hirst and Sabo (1992) found that "... the amount and quality of data now available on
DSM programs are far short of what utilitiesand regulatory commissions need. The current
lack of explicit, widdy usad definitionsof DSM programs is a key deficiency ... we now
discuss DSM programsin a ‘tower of Babel,' leading to disparate estimates of DSM potential
and performance.”

1.7  Further, Hirst and Sabo (1992) concluded thet "the program-cost data that utilitiesreport
are often incomplete or not sufficiently detailed to use to compare or assess DSV program
performance. In addition, traditional accounting systemsonly monitor utility expenditures. Costs
borne by the customer and other nonutility parties are often not provided by existing accounting
sysems. Knowledgeof these costsis necessary for calculating program cost-effectivenessfrom
the perspective of participating customers and society. "

1.8 In order to overcome these data problems, Hirst and Sabo (1992), whose work was
sponsored by the Electric Power Research Institute (EPRI) and the U.S. Department of Energy,
have developed a handbook that addresses the need for additiona and better information in two
ways. First, the handbook contains discussons of the key concepts associated with DSM
programs-types, participation, energy and load effects, and cogts. Second, the handbook offers
definitions and a sampling reporting form for utility DSV programs, so that there would be
greater consstency in the collection and reporting of data on DSV programs.

19  Similarly, Prindle (1991) concluded that "thedifficulty with costs andyses in most DSM
studies is that they are based on engineering estimates or other methods with high levels of
uncertainty. More hard evaluation data on the cost, performance, reliability and other attributes
of DSV options is needed. If data can be provided with enough rigour to satisfy uitility
regulators and planners, more money will flow into utility DSV programmes.” In the absence
o such hard data, Prindle concluded that:

there remains a vast reserve of scepticismin the utility industry about DSM as a
real resource for utility planners. To the extent that the jury is till out on the
size, reliability, and longevity of DSV resources, this scepticiam is justified ...
Wild claims are still made about the magnitude of DSM resources ...
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110 In the same vein, basad on an andyss of the daa for severd European countries
(Bdgium, Sveden, Norway, and Denmark), Bartlett (1993) concduded that "estimates of the
electricity used for resdentid lighting in most countriesare subject to large measurement error
... Therefore, the potentid annua dectricity savings from the use of CFLs [compact fluorescent
lampg cannot be accuratdy estimated.”

-

111 Therestof thispaper isorganized in thefollowingway. Section 2 presentsa discusson
of recent concernsabout flavsin the gpplication of cost-benefit andys's to deve opment projects
in generd. Sections 3 ad 4 presant a discusson o the issues rased by errors in cost and
benefits, respectively, o energy consarvation projects, besed manly on the experiencein North
Americaand Europe. Section 5 discusses therisks assodaed with deve opment projects, and the
decison rules rdevant in the context of risky deveopment projects. Findlly, Section 6 presents
the summeary and overall condusions,
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appropriate, the findings of indtitutional development specialists and daff with
other sKkills in assessng the likdy performance of project-related indtitutions.

o Ensure that the macroeconomic, financid, technicd, and behaviora assumptions
underlying the andyss are clearly spelled out.

A. Satigtical analyssof World Bank project appraisals

27  Pohl and Mihdjek (1992) andyzed the data for 1,015 projects supported by the World
Bank over 1974-1987. Thelargest number of the projects were in agriculture (40%), followed
by trangport (30%), and energy (20%), and a smdl number of projects in industry and urben
development. Pohl and Mihdjek andyzed the rdationship between "gppraisa rates of return”
(estimatesof economic ratesof return a the time when projects are desgned and gppraised) and
"re-edimated rates of return” (esimates of rates of return at the time when the projects are
completed and begin norma operation) 3/.

28 Basd on adatidica anayss, the authors reached three man conclusons

o thereisan upwad bias in gopraisd rates of return;
thereis littlelink between gppraisa and re-edtimated rates of return;

J factorssuch as cost overrunsand completion delaysexplain only avery smal part
of the difference betwean gppraisd ad re-estimated rates.

Upward bias in appraisal rates of return

29 The nature of over-optimism in World Bark project gppraisds is indicated by the deta
inTablel. Itiscear tha thegoprasa raesare sgnificantly higher than the re-estimated rates,
for example, the median appraisa rateis 18%, whilethe median re-esimated rateisonly 14%.
Further, on average there have o been sgnificant cost overruns and implementation ddays,
for example, on average, these projects took Sx years to complete, compared to an esimated
average completion time o four years, for an average time dday o two years.

210 It isclear that, on average, there was a bias towards optimigtic assessmentsin project’
gopraisds undertaken by the World Bank. However, it is worth noting there were a large
number of projects that did not suffer from this optimigtic bias.  While Pohl and Mihdjek's
datistica andyssdid nat differentiatebetween over-optimistic and other projects, it clear from

3/ Thereedimaed rates are nat true ex-pod rates of return, which can be caculated only
a theend of the project's economic life. Nevertheess, the re-estimated rate isa better indicator
d aproject's parformance than the appraisa rate because the re-esimated rate is basad on actud
vauesfor saverd critical variables, such as invesment costs and project completion schedules,
while the gppraisd rate is bassd on edimates.
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their plot of the relationship between re-estimated and appraisa rates of return (see Annex 1)
that there were many projects for which the re-estimated rate of return was greater then or equd
to the gppraisdl rate of return. It followsthat if we examineonly the projects that hed optimistic
assesaments, then their optimigtic bias is rdatively greater than the average optimistic bias
reported in Table 1 4/. In other words, for projects that have an optimigtic bias, the bias is
greater than the average bias.

Arithnetic Medi an Maxi mum M ni num
Mean

Esti mat ed Economic Rate of Return (%)

At project appraisal 22 18 158 1
At project conpletion 16 14 128 -20

Estimated Total Project Cost (US $ mllion, current prices)

At project appraisal 86 34 3,193 1

At project conpletion 102 40 4, 045 1
Ti me Overrun(Years) 2 2 16 -4
Not e: Based on 1, 015 Wrld Bank projects over 1974-1987 ;

Source: Pohl and M hal j ek (1992) ‘

2.11 An dternative measure of the optimistic biasis provided by the resits of the regression
andysis reported by Pohl and Mihdjek. In ther basc modd, the dependent variable wes the
re-estimated rate, with the gppraisa rate as the explanatory variable, i.e.,

Re-edimated rate = a + b Appraisa rare
In variants of this basc modd, a number of other explanatory variables, such as the country's

economic management rating and GNP, and indicator (dummy) variables representing sectors
(energy, trangport, etc.) ad regions (Latin America, Eagt Africa, etc.) were also added.

4/ The average bias reflects the upward bias in the optimistic projects as wdl as the
downward bias in conservative projects, where the re-estimated rate exceeded the appraisa rate.
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2.12 In these regression equations, the dope parameter b measures the effect of a change in
the appraisal rate on the re-estimated rate. For example, holding other things constant, if the
appraisal rate increases by 1, say from 12%to 13%, then the re-estimated rate increases by b.
Clearly, if b = 1, then achange of 1 in the gppraisd rate will aso imply a change of 1 in the
re-estimated rate; further, if bislessthan 1, then achangeof 1 in the appraisal rate will imply
an increase in the re-estimated rate of less than 1.

2.13 In the results reported by Pohl and Mihaljek, the estimated value of b isin the narrow
range of 0.43-0.46, which implies that when the appraisal rate increases by 1, the re-estimated
rateincreases by consderably lessthan 1. Theextent of the optimisticbiasin appraisalsimplied
by thisestimated b isindicated by the following example. Consider two projects X and Y with
gppraisal rates of, say 12% (X) and 27% (Y), so that the differencein the appraisa ratesis 15%.
With b = 0.45, the difference between the re-estimated rates of the two projects is predicted to
be only 6.75%, and not 15%51 In other words, project Y’s high appraisal rate is significantly
biased upwards.

2.14 Energy sector: Pohl and Mihdjek did not report the average appraisal and re-estimated
rates by sector. However, they did report the results of the regresson analysis by sector. For
the energy sector 6/, the estimated vaue is b = 0.61, which is closer to 1 than the overall
valueof b = 0.45. This result indicatesthat the upward biasin energy sector projects may be
less than the general upward bias in World Bank gppraisals.

2.15 Consequences of Upward Bias Oneresult of theexcessiveoptimismin theappraisal rates
of return is that there are a large number of projects whose re-estimated rates of return are
below conventionally acceptable rates of return. Specifically, about one-fourth of the projects
hed a re-etimated rate of return bdow 10%; about one in seven (14%) project has a re-
edtimated rate of return bdow 5%; and one in twelve (8%) of the projects had zero or negative
re-estimated rates of return.

Limited link between appraisal and re-estimated rates of return

2.16 Thereisonly alimited link between the appraisal and re-estimated rates of return. . For
example, Pohl and Mihadjek (1992) found that "ninety percent of all projects have gppraisal rates
of return in the range of 10-40%, but only about haf have re-estimated rates of return within
this range."

2.17 Ancther indication of the limited link between appraisal and re-estimated rates of returns
is the low explanatory power of the regresson equations. For the basc modd, Pohl and
Mihdjek report an R? vaue of 0.19, so thet the appraisa rate of return explains about only 20%

5/ 0.45 x 15 = 6.75.
6/ See Table 8, Pohl and Mihaljek (1992).
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of the variation in the re-estimated rate of return; in a variant mode which includes other
explanatory variables as wel as indicator (dummy) variables for sectors and regions, the
explanatory power is 31%. Similarly, for the energy sector alone, the regression equation
(which includes other explanatory variables as well as regiona indicator variables) explains only
30%df the variation in the re-estimated rate of return. 7/

Reasons for diver gence between appraisal and re-estimated rates of return

2.18 Praiect-specific factors  Intuitively, cost overruns and implementation delays are
expected to lower the re-estimated rate of return. However, in the regression analysis, these

explanatory variables were nat gatisticaly significantand also had the "wrong” sign. Further,
when nominal cost overruns were decomposed into unexpected inflation and real ‘cost overruns,
the results of the regresson andlyss indicated that rea cost overruns did not have a strong
adverse effect upon re-estimated rates of returns 8/.

2.19 Regional differences. There is a clear geographica pattern in the divergence between
appraisa and re-estimated rates of return. The estimated parameters of the regional indicator
variablesimply that, for a given appraisal rate of return, the re-estimated rates of return are the
highest in South Ada, i.e., projectsin South Asa show the lowest optimistic bias. South Asa
isfollowed by East Asa, Latin America, the Mediterranean, and the French African Community
(CFA), with projects in East and West Africa (other than CFA zone) having the greatest
divergence between gppraisa and re-estimated rates of return. Pohl and Mihaljek attribute the
differencein the performancecf projectsin CFA countries, compared to other African countries,
to the ingtitutional framework and the conservative fiscal and monetary policiesfollowed by the
CFA countries.

2.20 The relatively poor performance of projectsin East and West Africa (dther than CFA
countries) is aso reflected in the occurrence of project failures. Out of the 80 projects that hed

7/ It should be noted that low values of R* are common with cross-section datasets with a
large number of observations; to this extent, the low explanatory power reported by Pohl and
Mihdjek is not a surprise.  Further, Pohl and Mihaljek reported only adjusted R* values, ad
not the conventiond R? values. The adjusted R? reduces the conventional R?, based on the
number of explanatory variablesincluded in the regresson equation, o that the conventiona Rr?
value is greater than or equa to the adjusted R? values. While the adjusted k? is useful for
comparing the relativeexplanatory power of different regression equations with different number
of explanatory variables, only the conventional R?* can be properly interpreted as the actua
explanatory power of a particular regresson equation.

8/  Pohl and Mihdjek indicate that this result may be mideading because there isa possibility
that projectswith large real cost overruns reflect mostly expansion of projects, rather than errors
in cost estimates.
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negative re-estimated rates of return, 27 were in East Africa. In particular, agricultural projects
in sub-Saharan Africaexperienced a high failurerate, so that haf of agricultural projectsin East
Africaand more than a quarter of such projectsin West Africa hed re-estimated rates of return
bdow 5%, with a sgnificant difference between CFA and non-CFA countries.

2.21 Other explanatory varidbles The regresson andyss indicates that an unexpected
increase in primarv_commodity prices tends to increase the re-estimated return, which is
consistent with the fact that many of the agricultural projects involve production of primary
commodities. Further, the regresson andysis indicatesthat better economic management of a
country 9/ tended to raise the re-estimated rates, which led Pohl and Mihaljek to conclude that
the adverse effects on project performance of government interventionsthrough price contrals,
high tariffs, import restrictions, etc. has been underestimated in World Bank project appraisals.

B. Implications for GEF

2.22 Itisclear that in recent years World Bank appraisalsof development projects have been
over-optimistic. Thus, if a conventional World Bank gppraisd of a proposed GEF project
classfies that the project as economicaly viable, then there isa clear potentid that the project
may not actualy be economicaly viable, i.e., a project that gppearsto be a Type| project may
actually bea Typell project. In particular, over-optimisticassessments are likely unless project
gppraisals tha have explicitly consdered and taken account of:

() downside risks;

i)  the host country's commitment to the project;

Eiil) the host country's macroeconomic conditions, policies, and economic
managemen;

(iv)  thecapacity of host country ingtitutionsto effectively implement the project; and

(v)  thesuccess rate of completed projectsin the sector, country, and region

Thus, until the Bank issues guidelines about the manner in which these factors should be teken
into account, and until the guiddinesare actualy incorporated into project appraisas, GEF may
find it prudent to question the vaidity of the results of project appraisals that ignore these
factors.

2.23 Itisalso cdear that while, on average, there has been an optimistic bias is World Bank
project appraisals, this bias has nat been present in a significant number of cases, and some
project appraisas have actudly been conservative in their estimate of the project's rate of return.
Thus, there has been only a limited link between the appraised and likely actua economic
viability of a project. In other words, the gppraised economic viability of a GEF project is

9/  Measured by indices such as an index of price distortion or the Bank's interna ranking
of the quaity of a country's economic policies and management.
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likely to be a poor indicator of the project's actual economic viability 10/. It followsthat it
would be imprudent for GEF to use the apprai sed economic viability of a project as a dominant
criterion in determining whether or not the project should or will be undertaken without GEF
financial support.

10/ This situation may be made clearer by the following example. Suﬁpose a st off
measurementsis taken by a number of different observers to determine the depth of a river, and
the average depth of the river is calculated to be 22 feet. A later review shows that (i) the
measuring instruments used by the different observers hed different biases, some upwards, and
other downwards, and (ii) measurements taken with reliable instruments show that the average
depth of the river is 16 feet, i.e., an average bias of 6 feet. Suppose that a reading taken with
oneof the original measuring instruments shows that the depth of the river at a particular point
Is 18 feet, but it is not possible to determine whether this particular original instrument usad to
take this reading was biased, or the direction and extent of the bias. In this situation, it would
be hazardous to use the average bias to correct for the possible bias is measurement, e.g., it
would be meaningless to conclude that the correct depth is 18 - 6 = 12 feet, where 6 is the
average bias.
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3. COSTS OF ENERGY CONSERVATION PROJECTS

3.1  For potentid GEF energy conservation projects, domestic costs can be classified into
three categories.

o Government costs. These costs are incurred by the official agencies that
consider, evaluate and possibly provide funds for the proposed project before it
IS implemented.

. Utility costs.  These costs are incurred by the implementation agency that
executes, monitors, and possibly conducts ongoing or ex-post evaluations of the
project. On occasion, costs may also be incurred by trade allies, such
manufacturersof CFLs or retail outlets, and/or non-profit groups, who participate
in the promotiona aspects of energy conservation programs.

. End-user costs. These codts are incurred by the end-users, who are the
beneficiariesof the project, but who may also have to bear some codts.

3.2  Asdiscussed below, appraisalsand evduations of energy conservation programsin North
America and European have frequently failed to consider the full panoply of costs, even when
a conscious effort has been made to be comprehensive. For example, in his andysis of
European lighting program costs, Mills (1991) uses a concept of "total resource cost,” which
includes all costs for the lamps, saaries, consultants, advertising, postage, evaluations, €etc.
However, the "total resource cost" does not include Government o r end-consumer costs.
Further, Mills gtates that "Lighting trade organizations and/or individua manufacturers have
helped European utilitiesto organize and run some programs.” Y et, it does not appear that these
costs have been included by Millsin "total resource cost.”

A. Congderation of Government Costs

3.3 For GEF projects, there is significant potentia for the underestimation of Government
costs since they may be manly of the opportunity cost variety, and not explicit cash
expenditures. GEF energy-related projects have an element of novelty, which implies that they
may require extensve condderation and evauaion by Government officias. Thus, the
opportunity cost value of the time and effort spent in consderation and evaluation may be
sgnificant. Further, in some instances. the Government may engage domestic or international
consultants to assist in this process.

34 IntheU. S, smilar costs are typicaly incurred as part of the regulatory process that is
usd to approve energy conservation programs. Regulatory codts are incurred nat only by the
regulatory commissionsor agencies but also by al the parties that participate in the regulatory
process. For example, apart from the regulatory commisson and its staff, proposed energy
conservation projects may also be incurred by groups such as the Office of Consumer Advocate




-13 - DRAFT

(which represents residential consumers), the mass transit agency (which uses large amounts of
electricity to operate trains), or associations of large commercia buildings (which also use
significant amount of electricity). Whileaccounting practices differ at utilities, it is unlikely that
any utility can include these costs in the aggregation of total costs because the utility is unlikely
to have any means of collecting such information, even in the remote event that it had been
compiled by the individua agencies.
35 Thecog of evaluating the novel eementsof GEF energy projects may prove to be high
for countries that have limited expertise in this regard. For example, a recent review 11/
of the energy sector in Tonga concluded that the Government adopt:

a policy that limits the energy options to robust technologies that have been
proven operationally and economicaly in environments similar to that of Tonga.

One df the principal reasonsfor this recommendation is the shortage of managerial and technical
skillsin Tonga. Thus, the opportunity costs of evaluating potential GEF projects may vary from
country to country.

B. Consideration of Utility Costs

3.6 Typicaly, in addition to direct expenditure costs, such as on purchasingCFLs or other
equipment, the utility will also incur indirect costs that maey be in the fdrm of explicit
expenditures or opportunity costs 12/. The explicit indirect expenditures may be for
consultants or experts usad to assist the utility in implementing and/or monitoring the project,
or for promotional measures designed to raise end-user awareness of the project. The
opportunity costs may consist of the value of the time of utility personnel as well as overhead
costs associated with the project.

3.7  Following Hirst and Sabo (1992), utility costs include:
. Administrative Costs, which account for the staff involved in program planning,

design, marketing, implementation, and evaluation, including labor expenses,
office supplies, data processing, and such other costs; |

11/ Tonga Issues and Oprions in the Energy Sector, Pacific Idands Series No. 1, Val. 10,
World Bank, August 1992.

12/ Berry (1989) quantified the administrative costs of program planning, evaluation,
marketing, auditing, quality control, data collection, and related activities. Administrative COStS
were about 20% of total costs of residential programs, and about 10-15% for commercial
programs.
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J Marketing Costs, which includeall costs directly associated with preparation and
implementation of marketing activities, such as direct mailings, bill stuffers,
media advertising, training sessions, etc. ;

o Monitoring and evauation costs, which are incurred for data collection and
analysis to assess the performance of the program;

. Equipment Costs, which cover the cost of the equipment purchased directly by
the utility;

J Incentives Cogts, which cover the costs of the incentives provided by utilitiesto
participate in energy conservation programs.

3.8  Whiledirect expenditure costs are easy to measure and difficult to hide, they may be
underestimated because of unfamiliarity with local working conditions, particularly with respect
to the projected scheduling of the project. For example, the estimated utility costs may be based
on a schedule that does not account of the delays that frequently occur in that particular country
or region. Or even the promotional costs of the project may be partially absorbed in the genera
advertising expenses of the utility. Thus, the actud direct utility expenditures may be
sgnificantly underestimated in the project's cost-benefit anaysis.

3.9 Thereisaclear potentia for not including or underestimating the indirect expenditures.
Based on a sample of ten utilitiesin the U S, Joskow and Marron (1992) concluded that

... many types of administrative costs, including measurement and evauation of
conservation savingsand overhead, are not universally tracked and reported. The
failure to account for such costscan lead to significant underestimatesaof the true
costs of utility-sponsored conservation initiatives.

C. Consderation of End-user Costs

3.10 Even though the end-users are usudly the beneficiariesof utility conservation programs,
there may be some codts that they have to bear. In some instance, the end-users may have to
bear part of the cost of acquiring new hardware, e.g., households maey have to pay part of the
cost of new CFLs. Further, energy efficiency is usualy embedded in expensive and long-lived
assets, and end-users may be rdluctant to throw away or dispose of inefficient equipment that
sill works. In any case, there are some opportunity costs associated with "premature”
retirement of hardware, e.g., the replaced conventiona bulbs may have some residua vaue that
may be log when CFLs are ingtalled.

3.11 End-users may also incur significant time and effort costs in considering and evaluating
whether or nat participatein utility-sponsored programs. Joskow and Marron (1992) categorize
these as "customer transaction costs' and report that "None of the programs attempt to measure
customer transaction costs. Ye customer transaction costs are very red economic costs that
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should in principle be accounted for in evauating the societal cost of utility conservation
programs.”

3.12 Hamlin (1990) described the cost incurred by end-usersin this way:

Consumers must spend time and effort searching for the particular options that
are best for them; then invest in new technology, equipment, or process that will
reduce their energy service costs over time. This requires the consumer to invest
precious time and scarce capital up front and to accept some risk to reap the
benefitsof energy efficiency in the form of futureoperational savings. Anecdotal
observations of customer behavior and survey results shows that the majority of
customersare not aware, willing, nor able to make the necessary investments in
time and capital, nor to take therisks. (Emphasisin original.)

From an end-user's perspective, savingsin energy costs are just one of the factors considered
in making decisions on the use of capital and other scarce resources; the end-user also considers

product quality, space and cost requirements for equipment, labor costs, etc.

313 According to Soshans (1991) 13/ market research results indigate that most
consumers face high transaction costs in obtaining timely, credible and relevant information
when purchasing major energy appliances or making decisions energy conservation decisions
141 For example, Gruber and Brand (1991) report that 52% of the small and medium-sized
W. German firms they surveyed did not consder subsidies a deusvefactor in undertaking
energy conservation programs because “... subsidy programmes are often poorly adapted to the
problems of small and medium-sized flrms The staff do not have much ti e to read big
brochures or tofill in complicated application forms. (Emphasis added.)"

|
3.14 It appearsthat residential consumers may feel that they have to incur ne trouble even
when they do not have to make any decisions about equipment purchase or b;i%ny equipment
costs. For example, in the Hood River energy conservation project, even though the home

|

131  Sioshansi’s observations are particularly relevant because the author is employed alarge
U.S. dectric utility, Southern California Edison Company. |

141 According to Nadd' et al (1993), several U.S. programs have recogni;‘zed the lack of
information as a mgjor barrier to the adoption of energy-efficient lighting, and taken steps to
disseminate objective information that -consumers can use to evaluate efficient lights. Severd
lighting technology demonstration centersare a so now open to the public and design community
in mgor U.S. cities. The U.S. EPA has a "Green Lights' program which is a high-profile
project designed to promote lighting retrofits in the facilitiesof the top U.S. corporations. This
program providespublicity materials, decision-making tools, technical information, manufacturer
and contract information, information on utility rebates, and publicity for participants.
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energy audit was free and the entire cost was borne by the Bonneville Power Authority, only
85% of eligible homeowners participated.

D. Implicationsfor GEF

3.15 Itisclear tha in North America and Europe the costs of energy consarvation projects
have been underestimated, and that this finding applies to al three categories of costs:
government, utility, and end-user. Hence, unlessextensve care has been taken in the economic
agppraisa o potentiadl GEF projects, it is naturd to expect that the projects costs have been
underestimated.

3.16 Further, it may bedifficult toeliminate the potentia underestimationof Government costs
asociated with GEF projects because the accounting sysem used by Governmentsmay not be
oriented towards establishing costs incurred in the evauation of individua projects. In the
absence of subgtantive data from developing countries, it may be difficultto develop even a
priori rules of thumb to take account of these costs. In any case, there may be sgnificant
variationsin the abilities of the hog countries to evauate potential GEF projects.

3.17 The novety dementsassociated with potentid GEF projects may introduce a factor that
makesit difficult for some countries to undertake some seemingly Type | projects without GEF
support. As noted by the Wapenhans report, the limitation of expertisein host countries poses
risks for development projects in generd (see para. 2.5). Thus, the novety of the projects
implies that there is an dement of risk associated with the project, i.e., the project may deliver
less then the projected benefits and may even provide no benefits a all, or there may be
significant cost overruns, or some unexpected snags that reduce the judtification for the project.
Thus, the Government may be reluctant to undertake the project without GEF support because
of thiselement of risk. The nature of thisrisk, and itsimplicationsfor Governments and GEF
are discused in Section 5 of this paper.

3.18 Sofar as utility costs are concerned, in theory, it should be relatively easy to ensure that
al reevant utility costs are taken into account, e.g., the handbook developed by Hirst and Sabo
(1992) may provide a framework for developing an appropriate accounting system. In the
interim, it may be necessary to develop some rules of thumb to gauge the vaidity of the costs
reported in potential GEF projects. However, it may be difficult to eliminate tendenciesto make
excessvely optimistic assumptions about the effort and time requiredt o implement the project.
The nature of the downside risks presented by such tendencies is discussed in Section 5.

3.19 Similarly, in principle, it should be relatively easy to develop estimates of end-user
expenditures on hardware as wdl as the resdud vaue of equipment that is prematurely
scrapped. 1t may be more difficult to develop estimatesof the end-user transaction costs because
these are likdly to vary significantly according to the particular circumstances of the project.
Nevertheless, efforts should be made to include some estimates of end-user codts in the
aggregate project costs.
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4. BENEFITS OF ENERGY CONSERVATION PROJECTS

4.1  The benefits of energy-related projects are usudly projected to flow to both the utility
and its customers. The overestimation of benefits may affect either the utility or its customers
or both. Basad on the experiencein North America, it isa common theme that energy savings,
which are the benefits of the energy conservation programs, have been frequently overestimated
in the ex-ante appraisals of these programs. For example, Nadd and Keating (1991) examined
32 U.S. utility energy conservation programs, and found that savings were overestimated in 27
programs and under-estimated in the other five. For 15 of the 27 overestimated programs, the
actua savings were lessthan 50% of the projected savings. In particular, eightof 11 residential
programs saved less than hdf as much energy as predicted. Similarly, Keating 15/ estimated
that about 15-20% of energy-saving bulbs handed out by U.S. utilities were not being used.

4.2  Theexperience of a number of energy-related projectsin the developing countries also
underscores the tendency to overestimate the impact of such projects. In particular, this
tendency is likely to arise when projects are sponsored or promoted by “enthusiasts' or
"proponents’ of particular points of view or technologiesor by entrepreneurs/firms who aso
stand to profit from hardware saes associated with the project 16/.

43 \erification The "actua" savings from an energy conservation project are
often to difficult to calculate precisely because the actual savings are equd to an actua post-
ingalation consumption subtracted from a hypothetica basdine consumption that would have
taken place hed the program not been in place, and all other factors had held constant. For
example, changesin causa factorssuch aswesather, income, work habits, or lifestyleschanges17/
bring about changes in energy consumption that are difficult to differentiate from the impact of
energy conservation programs.

Reasons for differences between ex-ante and ex-post energy savings

4.4  Thereareanumber of factors that lead to ex-post energy savings which are less than the
ex-ante anticipated savings. These factors can be classfied as:

15/  Wal Srreer Journal, May 27, 1993, page B9.

16/  SeeOvaview: Pacific Regiona Energy Assessmenr, Volume 1, PeacificldandsSeries No.
1, World Bank, 1992.

17/ For example, the spread of take-out/delivered food and the increasing use of microwave
ovens in the U.S. has sgnificantly reduced the energy usad by 'householdsfor preparing food
at home.
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expected value of $ 65 27/. Isthis the correct measure of the benefits? An aternative is the
"option price," which is the maximum sure payment that the farmer would be willing to make
in both states. Option price depends upon the individual, and may be more or less than the
expected value of benefits.

5.16 From his theoreticd analysis, Graham concluded: (i) Option price is the appropriate
measure of benefit in Stuations involving smilar individualsand collective risk (a dam would
be a case of collective risk; (i) expected vaue caculations are appropriate in Stuations
involving smilar individuas and individud risks. These concepts were later extended to the
case of uncertain costs by Freeman (1989). However, these concepts have not been applied to
the case of project appraisals in developing countries.

Purerisk and the capital asset pricing mode

5.17 The concept of pure risk has been widdy usad in the capitd asset pricing modd
(CAPM), which provides some very useful results on how rational, risk-averseindividualsand
markets evaluate risk. One of the key relevant results of the CAPM s that, under the right
circumstances, it is nat particularly useful to evauate the risk of an asset on its own; instead,
it is better to consider the characteristicsdf a particular asset in the context of theentire portfolio
of assts being hdd by an individua. For instance, assets whose values tend to move in
opposite directions -- whose returns are negatively correlated -- tend to reduce the overall risk
in the portfolio. For this reason, the sdection of a varied portfolio of assets makesit possible
to diversfy away the risks associated with particular assets.

5.18 In the CAPM, the risk of an asset has two components. (i) systematic risk, which is
represented by B (Beta), and (ii) unsystematicrisk. The parameter B; measures the riskiness of
a particular asset i relative to the risk in the entire market portfolio 28/. If an asset has a Beta
vaue equa to one (B; = 1), then it isjust as risky as the market asa whole; when an asset's
Beais greater (less) than one, the asset is more (less) risky than the market as whole.

519 A fundamentd result of the CAPM is that in an efficient market dl assets will have the
same rate of return after adjusting for risk, which is Sated as

27/ (50*%0.7) + (100*0.3) = 65.
281 Mathemdtically, 8; is defined as
#;, = covariance(R;, R,)/variance(R,)

where R, and R,, are the returns of asset i and the market portfolio. Thus, 8, is the covariance
of the return on the asset with market return divided by the variance of the market return.
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return on a particular asset = risk-free return + risk adjusment

The nature of the risk adjustment is such that assets whose Beta is greater (less) than one will
have higher (lower) rates of return, i.e., the risk adjustment depends on 8, but not on
unsystematic risk 29/.

5.20 In contrast to systematic risk, unsystematic risk is the purely random variation in therate
of return of an investment about its expected value, and is due to the peculiarities of the asset.
As shown by the equation above, a key result of the CAPM is that the portfoliorisk in efficient
portfolios is determined by systematic risk, and not by the unsystematic risk of an asset; in
particular, a high unsystematic risk will not lead to a requirement a higher rate of return 30/.

5.21 Theseresultsof the CAPM are well-known and widely accepted. Yet, it is not common
practiceto consider the riskiness of investing in energy conservation investments. Oneexception
to thisis the analysis provided by Sutherland (1991).

5.22 Sutherland (1991) argues that investing in energy efficiency is risky in the sense that
actud savings tend to vary dgnificantly from predicted savings 31/. Since investors are
risk-averse, investmentsin energy efficiency are less than wha they would be in a more certain
world. However, basad on the CAPM results, the relevant risk is not the random risk of an
individual asset but the risk of theinvestor's overall portfolio. Sutherland claims that the mgjor
risk of many energy-efficient investments is the random unsystematic risk; hence such
investments are probably not risky in the sense of having high 8 values. It followsthat the
required rate of return on energy-efficient investments should be comparable to that of
investments in general. Thus, Sutherland concludes, that in general the view that risk is a
market barrier that discourages energy-efficient is an ad hoc notion, whlch is not firmly
grounded in financia theory.

201 Mathematicaly, in an efficient market, in equilibrium, the return on an asset is;

R, = R + B(R,-R)

1

where R, is the risk-free return, and B(R,, - Ry is the adjustment for risk.
|

30/ These results of the CAPM are basad on some assumptions that are usually vaid for
stock markets in industrialized countries: liquidity of investments, marketability, and the ability
to reduce risk by holding a diversified portfolio.

31/ According to Sutherland, a sudy of commercia building retrofitsin the U.S. concluded
that very few predictions of energy savings came within 20% of measured results.
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5.23 Sutherland findsthat the CAPM results may not be applicableto the analysisof energy-
efficiency investments undertaken by the resdential sector or small, privately hed businesses
because the key CAPM assumptions-- liquidity, marketability, and the ability to reduce risk by
holding a diversified portfolio -- may not be valid for such investments. In particular, these
Investments tend to be in tangible, illiquid assets, with limited marketability.

5.24 Hieh initial cosgts Further, a household may find the risk of the investment (in say,
CFLs for low income households, or shell measures for other household) to be significant
relative to the household's totd income, and the household may not have a sufficiently
diversfied portfolio to diversify away thisrisk. Low-income households may have a zero, or
even negative, propendity to save, and may therefore be averse to investment assets. Such
households are particularly limited in terms of reducing risk through diversified portfolios.

In other words, residential consumersand small, privately held businesses may require higher
ratesof return on energy-efficient investments because such investmentsare illiquid, not reaedily
marketable, and their risk is not easly diversified away.

Isrisk an additional cost?

525 Whilerisk isapotentialy serious obstacle to theadoption of energy-efficient technologies
and devices, it appears ingppropriate to consder risk an additional cost dement that is
overlooked in cost-benefit analysis. Instead, it appears appropriate to (i) explicitly consder both
pure and downsiderisk in conducting the cost-benefitanalysis, and (ii) develop decision-making
rules that consider not just the appraised domestic benefits but also therisks. For example, the
methodology put forward by Crousllat and Merrill (1992) explicitly considers and emphasizes
the downside risk in undertaking-major power sector investments.

B. Government response to uncertainty

526 In view of the biases and uncertainty associated with the conventiona ex-ante appraisal
of net domestic benefits, governments may be reluctant to rely solely on such appraisals to make
decisionsabout undertaking investment projects. It islikey that different Governments would
have different responses to the uncertainty associated with GEF projects. Nevertheless, it is
possible to consider some of the decision-making rules that Governments may use.

527 It is likely that a decison-maker will view the projected net domestic benefits of an
energy conservation project with skepticism. One response of the decision-maker may be to
conduct a heuristic, back-of-the-envelope analysis to determine "low-case" or "worst-case'
outcomes. An extremely risk-averse decision-maker may wish to be sure that the worst-case
scenario associated with the project is acceptable. Or, consistent with above discussion of
downside risk, a risk-averse decison-maker may approve only those projects whose "low-case"
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estimate of the net domestic benefits exceeds a particular value, irrespective of the potential
benefits associated with base or high case estimates of the net domestic benefits.

5.28 Evenif no analysis is conducted to determine "low case" outcomes, a Government may
be willing to undertake only those energy conservation projects that require low initial capital
expenditures, so that the project can be terminated at relatively low cost if there are early
indications that the project will fail to achieve its projects benefits. In other words, a
Government may not bewilling to stakean initial large sum of money on uncertain projects, but
may be willing to undertake projects with similar total costs but whose costs are spread over
time.

5.29 Itisaso possiblethat noneof theformal modes may describe a Government's decision-
making process, which may be basad on the experience and " seat-of -the-pants’ judgement of the
decison-makers.

C. GEPF’s response to uncertainty

5.30 Apart from the uncertainty associated with projected net domestic benefits, GEF also has
to consider the uncertainties associated the decision-making rules used by Governments. |t is
clear that even if GEF classifiesa project as Typel, the global environmental benefitsassociated
with it will not be realized unless the Government actually implementsthe project in the absence
of GEF support.

531 In principle, GEF could take account of the Government's decision-rulein formulating
GEF's own decision-making rule about whether or not to support a particular project. In other
words, GEF may consider it prudent to consider supporting projects that a Government will not
undertake on its own. However, any such recognition presents a moral hazare, because it
providesan incentivesfor Governments to adopt a stated policy of "Wewill not undertake these
types of projects on our own" merdly in order to secure GEF support. Thus, GEF:will run the
risk of "false pogitive" results, i.e., of supporting projects that do not need GEF support.

5.32 If GEF continuesto use the appraised net domestic benefits as a decison-making rule,
i.e., continues to classfy projectsas Type | and TypeII based on the appraised net domestic
benefits, then GEF faces two problems. First, until the project appraisal methodology is
modified to take account of thefailings, biasesand risksindicated by the Wapenhans report and
the experience with energy conservation projects in industrialized countries, the appraised net
benefitsare serioudly flawed. Consequently, any decision rule based on theseestimates may also
be serioudy flawed, and GEF would run therisk of both "false positive" and "false negative'
results, where "false negative' represents failing to support projects that require GEF support.

5.33 Second, even if the methodology is modified to eliminate or reduce the above problems,
adecison rule based solely on the (correctly) projected benefits will fail to take account of the

potentially different responses of different Governments to similar projects, i.e., some
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Governments may be more risk-averse than others. Therefore, GEF may face significant risks
of getting "false negative' results.

5.34 Itisnot possble for GEF to develop a decison-making rule that minimizes both "false
postive' and "false negative' results 32/ In deciding whether to focus on "false negative"
or "false pogtive' results, GEF will have to take account of the consequences of these types of
results. If substantia globa environmenta benefits are at stake, then GEF may be worried
about denying a smdl amount of support to project and taking therisk that the project may never
be undertaken, i.e., the focus would be on minimizing "false negative' results.  Alternatively,
if substantial GEF funding is required, then GEF may be womed about "false positive” results.

5.35 Theimplication is that GEF has to develop its own risk profile, and develop decision-
making rules that take account of the amount of GEF funding a stake and the estimated global
environmenta benefits.

32/ Inpractical sSituations, decison makers often have to declare a preference for minimizing
one or the other probability. For example, in the judiciad system, the burden of the proof ison
the prosecution, and the defendant has to be proven guilty beyond a reasonable doubt. In other
words, there is an emphasis on reducing "false guilty” verdicts even though this may lead to
frequent "false not-guilty” verdicts. Or, a medica diagnostic te for a disease such as cancer
may be st up S0 that it minimizes the probability of "false negative' results (test says an
individual does not have the disease even though it is present), but permits the probability of
"falsepositive" results to stay high, perhaps so that further diagnostic test can be run to verify
whether the individua does have the disease.




-37- DRAFT

6. SUMMARY AND CONCLUSIONS

6.1 The Globd Environmenta Facility (GEF) is concarned tha Type | projects 33/ mey
not be implemented by hos countries even though they gppear to offer them podtive net
domedtic benefits, s that the globd environmenta benefits associated with the projects mey not
beredized. Therefore, itisappropriate for GEF to consder the steps to be taken to ensure that
such projects are actudly implemented.

6.2 There are two broad problems with the projected the ex-anse caculated net domegtic
benefits associated with a project, which leed to over-optimisticassessments o projects relevant
for GEF-: (i) flawsin the goplication o cog-benefit andysisto development projectsin generd,;
ad (ii) flawsspecificto energy conservation projects. Once these flaws are taken into account,
it maey turn out that a project thet appears to provide net domestic benefits actualy does not do
0. Thefailureto actudly provide net domestic benefitswould then make a project a potentia
candidate for GEF support.

A. Flawsin the application of cost-benefit analysis

6.3 Recently, there have been concerns that the gpplication of cost-benefit analysis by the
World Bark has led to over-optimistic assessments o development projects. The World Bank's
Wapenhansreport concluded that the gppraisal of development projects supported by the World
Bak has bean over- optimistic becausethey have nat taken full account of the: (i) changesin the
globa level economic conditions, (ii) the hogt country's macroeconomicconditionsand policies,
changesin devdlopmenta priorities, deficient regulatory environments, and thelack‘ of or decline
In capacities of loca ingtitutions, and (ii) the increasng complexity of projects, WhCh makesiit
difficult to implement them effectively, dong with a lack of commitment on the pat of hogt
countries to the projects.

6.4 Basad on adaidicd andyssadf 1,015 World Bank projects, Pohl and Mihdjek (1992)
reached three main conclusons (i) thereisan upward biasin gppraisa rates o return; (i) there
is little link between gppraisd and likdly actud rates of return; and (iii) factors such as cost
overruns and completion delays explan only a very smdl pat o the difference between
gopraisa and likely actud rates. One result of the excessive optimiam in the appraisal rates of
return is that there are alarge number of projects whose likdly actud rates of return are bdow
conventionaly acceptable rates of return.

65 In responseto these over-optimigtic appraisas, the Bank has decided to emphasize, inter
aia, (i) hog country commitment to projects, and (ii) explicit and systematic recognition of the

/] Type | projects offer sgnificant globa environmenta benefits, and aso postive net
omestic benefits when evduated in the sandard economic cost-benefit framework.
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risks associated with development projects. The Bank plansto issue soon new guidelineson risk
and senditivity andyss for development projects.

6.6  Sincerecent World Bank appraisalsof development projects have been over-optimidtic,
it followsthat when a conventiond World Bank appraisa classfiesa proposed GEF project as
economically viable, thereisaclear potentid that the project may not actually be economicaly
viable, i.e., a project that appearsto bea Typel project may actually be a Type Il project. In
particular, over-optimistic assessments are likely unless project appraisals have explicitly
considered and taken account of: (i) downsiderisks; (ii) the host country's commitment to the
project; (iii) the host country's macroeconomic conditions, policies, and economic management;
(iv) the capacity of hogt country ingtitutionsto effectively implement the project; and (v) the
success rate of completed projectsin the sector, country, and region where the project islocated.

6.7  Thus, until the Bank issues guiddines about the manner in which these factors should be
taken into account, and until the guidelinesare actualy incorporated into project appraisas, GEF
may find it prudent to question the vaidity of the resultsof project appraisasthat ignore these
factors. In other words, since the gppraised economic viability of a GEF project islikely to be
apoor indicator of the project's actua economic viability, it would beimprudent for GEF to use
the appraised economic viability of a project as a dominant criterion in determining whether or
not the project should or will be undertaken without GEF financia support.

B. Flaws in estimating cods of energy conservation projects

6.8  For potentid GEF energy conservation projects, domestic costs can be classfied into
three categories. (i) Government costs, which areincurred by the official agencies that consider,
evaluate and possibly provide funds for the proposed project; (ii) Utility costs, which are
incurred by the implementation agency (and associated trade alies or non-profit groups) that
executes, monitors, and possbly conductsongoing or ex-pogt evaluationsof the project; and (iii)
End-user costs, which are incurred by the end-users, who are the beneficiaries of the project,
but who may aso have to bear some costs.

6.9 Apprasds ad evauations of energy conservation programs in North America and
European have frequently failed to consider the full panoply of costs, even when a conscious
effort has been made to be comprehensve. Basad on this experience, there is likely to be
sgnificant underestimation of al three categories of costs inn potential GEF projects.

6.10 Government costs may be underestimated sincethey are frequently of the opportunity cost
variety, based on the staff time and effort involved. In particular, the cost of evauating the
noved eementsof GEF energy projects may prove to be high for countries that have limited
expertise in this regard.

6.11 Typicdly, in addition to direct expenditure costs, such as on purchasng CFLs or other
equipment, the utility will aso incur indirect costs tha may be in the form of explicit
expendituresor opportunity costs. Basad an a sample of ten utilitiesin the U S, Joskow ad
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Marron (1992) concluded that many types of adminidtrative costs, including measurement and
evauation of consarvation savingsand overhead, are not universaly tracked and reported. The
failureto account for such cogts can lead to significant underestimatesof the true costs of utility-
sponsored conservation initiatives.

6.12 Even though the end-users are usudly the beneficiaries of utility conservation programs,
they may have to bear transaction cogts involved in congdering and evauating whether or not
and to wha extent to participatein consarvaion programs. In some instance, they may dso
have to bear part of the cost of acquiring new hardware or the opportunity cost of "premature”
retirement of hardware, e.g., the replaced conventiond bulbs may have someresdud vauethat
mey be lost when CFLs are indadled. Smdl and medium-szed firms may aso experience
similar difficulties.

6.13 In principle, it should be relatively sraightforward to verify that al three categories of
costs have been taken into account in the cost-benefit analysis of GEF projects. However, in
practice, there may be difficultiesin arriving at reasonable estimates of costs, and dome costs
mey be overlooked completdy. Hence, actud socid costs of energy conservation projects are
likely to be under-estimated, unless specid care has bean taken to ensure that thisis not the
cae.

C. Flaws in estimating benefits of energy conservation projects

6.14 Basd on the experience in North America, it is a common theme that energy savings,
which are the benefits of the energy consarvation programs, have been frequently and
significantly overestimated in theex-ante appraisasof theseprograms. In any case, the "actud”
savingsfrom an energy consarvation project are often to difficultto caculate precisdy because
they are equd to an actud pogt-ingdlation consumption subtracted from a hypothetica basdine
consumption that would have occurred hed the program not been in place, and al other factors
hed hdd congant.

6.15 There are a number of factorsthat leed to ex-post energy savings which are less than the
ex-anteanticipated savings: (i) improper definition of program impact; (ii) lower than expected
participation rates; (iii) "Freeriders' ad "takeback" effects; and (iv) equipment failure, misuse
and lack of perastence of effects.

6.16 The mog meaningful measure of the effect of a utility sponsored program is the net
program impact which considers the actions of the participants in the program with respect to
wha would have hgpopened if the utility-sponsored program hed not come into existence.
However, it is possble that the economic appraisa conducted for the energy conservation
programs being consdered by GEF is bassd on one of the other definitions of the impact, such
as the maximum technica potentid, which measures the impact of a 100% penetration of the
mod efficient technologies.
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6.17 The participation rate, i.e., theratio of digible customers who actualy participatein a
utility sponsored program, is one of the key determinants of the benefits from energy
consarvation programs.  The actud participation rate mey be lower than the projected
participation rate for a number of reasons. (i) inappropriatediscount rate; (ii) transaction costs,
other priorities, and organizationa problems; and (iii) ineffective promotiona campaigns.

6.18 It is common to use a red discount rate of about 10% in cost-benefit analysis of
development projects. However, the available evidence indicates that consumers, particularly
low-income consumers, use much higher discount rates in evaluating energy conservation
programs. |If a high real discount rate is usad for end-use consumersand a lower red discount
rateisused for the utility, a particular project may turn out to be beneficia from the perspective
aof the utility but not from the perspective of theconsumers. Thus, the use of an inappropriately
low discount rate may lead to optimistic estimates of the participation rate. In response to the
use of high discount rates and consequent low participation rates, the U.S. has set minimum
efficiency standards for a number of appliances, which forces consumers to purchase only
relatively energy-efficient gppliances.

6.19 Thedecidon to participatein utility sponsored programsalso depend upon other factors
that such as the transactions costs, the end-users other priorities, and their organizational
gructure.  Further, the promotiond campaign indituted by the utility mey prove to be
ineffective, particularly in Stuations where the utility.lacks experience in such promotions.
These factors may be overlooked in projecting the participation rate, thus leading to optimistic
estimates.

6.20 Inthecontextof utility-sponsored projects, "freeriders' are participantswho would have
undertaken the proposed measures even without a utility-sponsored program.  For example,

customerswho would have bought and installed CFLs on their own but take advantageof utility
incentives to buy them arefreeriders. If no account is taken of free riders, then the actions of

the free riders are ascribed to the utility program. While the presence of free riders has been
aconcern in the U.S,, it has not been so in European lighting programs.  Given the novdty of

the technology and devices being promoted by GEF energy conservation programs, free riders
are unlikely to be a mgor concern for GEF projects. In contrast, GEF programs may induce
"free drivers," who are customers who do not participate in a utility sponsor program but are
influenced by the program and adopt the program recommendations. Thus, free drivers
represent an additiond benefit that may not be accounted for in the ex-ante gppraisal of DSM

programs.

6.21 In the context of energy conservation programs, "takeback" refers to the change in
energy-related operating practices of a firm or households as a consequence of participatingin
a DSM program. For example, a household may increase its use of an airconditioner after a
utility helps pay for a new, more efficient unit, so thet actua energy savings may be less than
anticipated. While substantia takeback effectshave not been observed in the U S and Europe,
this may be the case in developing countries, particularly where low-income consumers are
involved.
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6.22 The history of energy projects in the developing countries, particularly those on the
supply side such as generation, transmission, and distribution facilities, indicates that thereis
a potentia for significant problems in the ingtdlation, proper use, and maintenance of energy
efficient technologiesand devices, particularly for those with which theloca people have limited
familiarity and experience. Thus, even if there are initial savings from energy conservation
projects, these have the potentiad of declining steadily over time. It would be prudent for GEF
to verify whether the proposed project hastaken account of this potentia declinein benefitsover
time, or taken steps to prevent such a decline.

D. Uncertainty, risk, and decision rules

6.23 Thehigstorica experienceof World Bank projectsas well as energy conservation projects
in the US and Europe shows that, apart from any possible systematic bias, there reman
substantia differencesbetween actua and redlized rates of return. Thus, even after the biases
in ex-ante estimates of costs and benefits of energy conservation projects have been reduced or
eliminated, there is likely to remain substantial uncertainty about the actual net benefits of
energy consarvation projects that GEF may support. For GEF energy-related projects an
additional reason to expect divergence between estimated and actuad net benefitsis that GEF
projects have an ement of novelty, which implies tha thereis limited experience on which to
base the approximations, assumptionsand rules-of-thumb usudly required in project cost-benefit
analysis.

6.24 One reevant implication of the uncertainty associated with ex-ante appraisalsis tha any
decison-maker, i.e., the Government or GEF, who uses the ex-ante appraisal to meke adecison
about an investment project faces with significant probabilitiesof getting "false-positive” and/or
"fase-negative’ reaults. For example, the Government may end-up undertaking projects that
do not deliver the expected results (“false-positive") and/or it may fail to undertake projectsthat
would have brought substantial benefits to the country (“false-negative”).

6.25 Whilethereisan extensiveliteratureon risk and uncertainty, even well-known theoretical
concepts have not been extensively incorporated into project appraisals. At the same time, it
is aso clear that many of the theoretical results available in the literature are not sufficiently
practical to be readily applied in the appraisa of projectsin developing countries; for example,
much of the theoretical discusson relates to situations in which the uncertain outcome can be
treated as a random variable with a probability distribution. For example, the distinction
between "pure risk," under which there isa posshility of unexpected adverse as well favorable
events, and "downside risk," which focuses on unexpected adverse eventsonly has only recently
been formally explored, and no definitivetheoretical or practica results are available yet.

6.26 In contrast, the concept of purerisk is well-developed and widely-accepted, but it has not
commonly been usd in project appraisas, in part because it is difficult to provide reasonable
subjective estimates of the probabilitiesthat are required by this approach. Nevertheless, some
of the theoreticd results of the capital asset pricing modd (CAPM), basad on an analysisof pure
risk, are relevant for project appraisa. In particular, in the context of efficient markets, the
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CAPM shows that it is not meaningful to consider the risk of an asset on its own; instead,
rationa individuals evaluate the risk of an assat in the context of an entire portfolioof assets.
The naturd implication isthat it would be useful to evaluatethe riskiness of a particular project
in the context of the entire portfolio of projects being undertaken by a country.

Government response to uncertainty

6.27 Inview of the biases and uncertainty associated with the conventional a-ante appraisal
of net domestic benefits, governments may be reluctant to rely solely on such appraisals to make
decisionsabout undertaking energy-efficiency projects. It islikely that different Governments
would have different responses to the uncertainty associated with GEF projects. One response
of thedecison-maker may be to conduct a heuristic, back-of-the-envel opeanaysis to determine
"low-case" or "word-case’ outcomes. An extremely risk-averse decison-maker may wish to
be sure that the worst-case scenario associated with the project isacceptable. Or, a risk-averse
decison-maker may approveonly those projects whose "low-case" estimate of the net domestic
benefits exceeds a particular vadue. Even if no analysisis conducted to determine "low-case"
outcomes, a Government may be willing to undertake only those energy conservation projects
that require low initial capital expenditures, so that the project can be terminated at relatively
low cogt if there are early indications that the project will fail to achieve its projects benefits.

GEF’s response to uncertainty

6.28 Apart from the uncertainty associated with projected net domestic benefits, GEF also has
to consider the uncertainties associated the decison-making rules used by Governments. It is
clear that a host country may not undertake a project even if GEF classfiesit as Typel, in
which case the globd environmental benefits associated with it will not be redlized.

6.29 If GEF takes account of the Government's decison-rule in formulating GEF’s own
decison-making rule about whether or not to support a particular project, this would lead to a
mord hazard, becauseit providesan incentivesfor Governmentsto adopt a stated policy of "We
will not undertake these types of projectson our own" merdy in order to secure GEF support.
Thus, GEF will run the risk of supporting projects that do not need GEF support.

6.30 On theother hand, if GEF does not take account of the Governments decision-rules, and
continuesto classify projectsas Typel and Typell based on the appraised net domestic benefits,
then GEF faces two problems. First, until the project appraisal methodology is modified to teke
account of the failings, biases and risks indicated by the Wapenhans report and the experience
with energy conservation projects in industrialized countries, the appraised net benefits are
serioudy flawed, and GEF would run the risk of both "false postive' and "false negative'
results, where "false negative' represents failing to support projects that require GEF support.
Second, even if the methodology is modified to eiminate or reduce the above problems, a
decison rule based soldly on the (correctly) projected benefits will fal to take account of the
potentialy different responses of different Governments to similar projects, i.e., some
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Governments may be more risk-averse then others. Therefore, GEF may face significant risks
of getting "fase negative' results.

6.31 Mahematicdly, it is not possble for GEF to develop a decison-making rule that
amultaneoudy minimizesthe probabilitiesof both "false pogtive' and "false negative' results.
Therefore, in deciding whether to focuson "fase negative' or "fase postive' results, GEF will
have to take account of the consequences of these types of results. If substantial globa
environmenta benefitsare a stake, then GEF may be womed about denying a smdl amount
of support to project and taking therisk that the project may never be undertaken, i.e., thefocus
would be on minimizing "false negative' reults.  Alternativdy, if substantia GEF funding is
required, then GEF mey be womed about "false postive’ results. Theimplication is that GEF
has to develop its own risk profile, and develop decison-making rules that take account of the
amount of GEF funding a stake and the esdimated globd environmenta benefits.
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Some Draft Notes on Light-bulb programmes

6.32 According to Mills (1991), the residential programmes have hed a significant impact on
nationa lamp sales, but program participation rates show no correlation with theincentivelevel.
Theparticipationrateis the product of a number of factors, including effectivenessof promotion
strategies, type of incentive, and restrictions in some cases on the number of lamps alowed to
each household. The non-residentia programmes should be more cost-effectivethan residential
programmes. Thisis partly because of the need to contact fewer customers, plus the delivery
of more lamps/customer means lower administrative costs.

6.33 Theaverage societd costsof conserved energy is €2.1/kWh, including indirect costs of
¢0.3/kWh. The payback time to participating households ranged from 0 years (free lamps) to
threeyears. For the programmesdescribed in thisarticle, administrativeand other "transaction”
Cods contributed ¢0.3/kWh ($1/lamp) to the total cost of conserved energy.

6.34 According to Mills (1993), between late 1987 and 1992, at least 52 financial-incentive
programs for CFLs were implemented in 11 West European countries, including U.K. and
Irdand. The 7.4 million households digible for the program received 2.5 million CFLs.
Program target groups ranged from a few thousand households to severad hundred thousand.
Data on costs for 40 of these programs from 8 W. European countries (Sweden, Denmark,
France, Netherlands, Finland, Ireland, W. Germany, and Audtria). For these programs, the
average cost is 2.1 cents/kWh, of which 0.3 centsis indirect cost, where indirect means non-
equipment cost. The average price pad by program participants was $ 11/CFL. Non-
participants also benefited because increases in lamp sales prompted manufacturers to lower
prices. For example, in Sweden, the 75,000 rebate checks led to an additiona "leveraged”
41,000 sdes

6.35 Mills(1991) found that lower energy costs were cited by only hdf the participantsas the
reason for participatingin the European CFL programs. Trying a new technology and using the
rebate check were the other frequently cited reasons.  Non-participants reported a number of
reasons for not participating: (i) general lack of interest, (ii) excessve lamp prices, (iii) non-
awareness of the program, (iv) lamp size/weight was excessive.

6.36 Information: Exhibitions, open houses and other low-effort approaches have yidded
minima impacts compared to programs offering financia incentives. Nonetheless, future
programs should address the problem that consumers often have inaccurate or inadequate
information on CFLs.

6.37 According to Mills (1993), the choice of light sources and the markets for energy-
efficient lighting have changed dramatically in recent decades, and is expected to continue.
Globd CFL sdeswere 114 million/year in 1991, and are expected to reach 250 millionlyear by
1995; global incandescent sales per year were over 9 hillionin 1991.  One reason for the rapid
increase is that an increasing number of parties that are not traditionally involved in promoting
efficient lighting (utilities, government, public interest groups, others) are actively participating.
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The key parties have been dectric utilities, while lighting retailers in some cases shared in
marketing and providing consumer information. In one case (Sweden), a government body
designed and financed lighting programs carried out by the utilities.

6.38 The mgor drawback for the accelerated market penetration of CFLs is their high initia
costs, combined with information barriers regarding their cost-effectiveness. In both the
resdential and commercial sectors, the lack of information and capital, the reluctance to adopt
unfamiliar technologies, and only moderate interest in energy costs and in reducing expenses
continue to hamper the widespread introduction of energy-efficient technologies.

6.39 According to Brown (1993), a fundamentd barrier to achieving cost-effective lighting
efficiency in W. Europe is the lack of investment capital for such technologies. This problem
is magnified in Eastern Europe; this problem is present in Hungary, even though it isin the
fortunate pogition of having the manufacturing capacity for efficient products such as CFLs.
One possible source of capitd isenergy service companies (ESCOs), which can provide third-
paty financing. These ESCOs should get their funds from western ESCOs which have the
capital as well as the expertise..

6.40 According to Busth et d (1993), energy-efficient lighting would be very useful in Thai
commercia buildings, because eectricity usein these buildingsis growing rapidly, i.e. number
of buildingsis growing rapidly. The authors use a 6% red discount rate and a 20-year time
horizon, though not al components are assumed to have this life.  The authors find that for
officesthe average dectricity priceis $0.087, while the CCE (cost of conserved energy) for the
full conservation measureis $ 0.019. The smple payback period for full lighting conservation
measures ranges from less than.one year in hotels and retail buildings to about three years in
offices. ThelRR of ingtallingall thelighting measuresis 35% for offices, 142%for hotels, and
107% for shopping centers. CFLs, eectronic balasts, and triphosphor narrow-diameter (T8)
lamps prove to be the mogt economicaly promising technologies.

6.41 The above figures for Thai commercia buildingsare from a societd perspective. The
individual benefits may be less; for example, individua building owners have to pay import
duties on equipment, which are not included as costs in the societal-perspective. Also, the cost
of money may be more than 6%. Nevertheless, even if you use actua market prices, and a
discount rate of 12%, investment in efficient lighting remains cost-effective. Nevertheless, such
efficient systems remain the exception in Thailand. Part of the problem has been a lack of
information about the options, their savings, and the life-cycle costs associated with their use.
Further, in Thailand's very competitive market for commercia space, building owners and
developers are reluctant to consider any measures that will increase initia costs.

6.42 The Government of Schleswig-Hodtein, a state in Germany, undertook to replace dl
lamps in public buildings with CFLs. It was estimated that about 600,000 conventiond
incandescent lamps could be exchanged. To give the programme publicity, the first bulbs were
replaced by the state Minister of Energy. However, the god of 600,00 was overambitious.
Under the guiddlinesof "Phase|" of the contract, about 77 thousand lamps have been installed.
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6.43 Based on an andysis of the data for several European countries (Belgium, Sweden,
Norway, Denmark), Bartlett (1993) concluded that “estimates of the eectricity used for
residentia lighting in mog countries are subject to large measurement error ... Therefore, the
potentia annua electricity savings from the use of CFLs cannot be accurately estimated.”

6.44 Further, unlike U.S. resdentiad programs, European programs have not been targeted
at any particular group, which may be a serious flaw of the European programs. In addition,
there may be somelossdf energy savingsif peopleinstall CFLsin low-usage areas; 6% of the
CFLs purchased during NESA’s campaign in Denmark were placed in vacation homes perhaps
because the publicity materias did not clearly specify that they should be ingaled in high-use
areas.

6.45 Energy consumers do not necessarily volunteer to participate in energy efficiency
improvements that appear (at least on paper) to be cost-effective. A variety of motivationd,
information, and risk-avoidance factors are blamed for the divergence between wha is
theoretically a sound investment and what is observed in practice. Over the years, many lessons
have been learned on how to overcome consumers initia apathy to energy efficiency, and leed
them to the desired investment. <Note: These are the benefits of the learning curve. But this
learning curve is not yet availablenthe LDCs. So, Type | projectsnay actually face problems,
with lower ex-post rates of return>  Utilitiesenjoy substantia economies of scale in obtaining
and disseminating information to consumers.

6.46 Joskow and Marron (1993) indicate that the results of their 1992 study should not be
interpreted as saying that utility DSM programs are cost-effective. "It would be imprudent to
rush to this judgement without examining further the qudity of the cost and energy savings
information reported by utilities. Our andys's suggests that utilities often understate program
costs and overstate program energy savings, as a result reported costs of saved energy are often
too low."

6.47 Inthe U.S., consumerscan choose between similar appliancesthat differ principaly in
energy efficiency. Why does consumer behavior diverge from an economicaly rational
behavior? This was looked at by LBL (Krause and Eto for NARUC). Factorsthat apply when
consumer is about to buy. First, the trade-offs between efficiency and higher first cost were not
clear for some appliances. an efficient appliance may lack some features that another less
efficient one has. Second, the more efficient appliances may not be availablein stores. Third,
the rational consumer may lack theinformation about the costsand benefitsof energy efficiency,
and the transaction costs of obtaining this information may be high. Fourth, the rationa
consumer may not have the capita for investment or may not fed financialy secure to meke
Investments with a large payback period. Fifth, the monetary savingsare smal both in absolute
termsaswel asin termsof percentageincome. Other factors, Sixth, the consumer's purchase
decisons are heavily influenced by non-cost characteristics, such as noise level, colour, €etc.
Seventh, the landlord or contractor may be the buyer, and not the actuad user. Conclusion: The
market demand for efficiency investments in new appliancesis very weak. When dectricity










