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PREFACE

This report was written for several audiences. Therefore, compromises in
presentationhad to be made. in particular,it is designedto be usedby Chineseofficials
and experts who are not familiar with the concepts underlying integrated resource
planning(IRP)and, therefore,some sectionsmay strikethe readersophisticatedinsuch
mattersas overlydetailed. On the otherhand, the descriptionsof the Chinesesituation
whichare necessaryto appreciatethe applicationof IRP inthis contextmay be seen as
superficialby those knowledgableabout Hainanand itsenergy sector.

The studywas conductedundertheauspicesof the InternationalAdvisoryCouncil
on the EconomicDevelopmentof HainaninHarmonywiththeNaturalEnvironment(IAC).
lt is based on visitsto many energy-producingand energy-consumingsitesthroughout
Hainanfrom April4-April11, 1992 and intensivemulti-daymeetingswith Hainanofficials
and experts. We thank the RockefellerFoundation for its financial support to the
UniversityofTennessee'sEnergy,Environment,and ResourceCenterunderContractNo.
RF92015, #1. We also thank the U.S. Departmentof Energyfor fundinga portion of the
study. By design, the visit to Hainan brought us in contact with many people, too
numerousto acknowledgeindividually.However,we must acknowledgethe assistance
ProfessorHuang Zongdao, directorof the IAC office in Haikou and his staff. He hosted
the meetingsin Haikou and coordinatedthe activitiesof team membersand site visits.
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INTRODUCTIONAND EXECUTIVESUMMARY

This study identifiesa strategythat (1) providesfuture energy servicesfor Hainan
in the least environmentallydegrading way, (2) eliminatesthe need to build significant
amountsof newfossil-fueled,electricgeneratingcapacity,savingcapitalto investinother
developmentprojects,(3) lowersthe cost that Hainan householdsand businesseswill
pay to lighttheir homes and runtheir industries,(4) reduces the future coal import bill,
and (5) improvesthe prospects for export industries. Implementingthis strategy will
promote economic developmentand growthin Hainan, improvethe standard of living,
and preserveto the greatestextentpossibleHainan'srichenvironmentalresourcebase,
a key requirementfor its touristindustry.

The focus of this strategy is to adapt proven policies and techniques for
producingand usingenergymoreefficientlyto existingconditionsin Hainan. ThisReport
uses informationon the Hainan situation as a starting point, and then applies the
principlesof integratedresource planning(IRP) and the experiencesin other countries
to outlinea strategyfor the Province. The experienceis that fuel consumptioncan be
reduced without lesseningthe ability of consumers, industry,and the governmentto
obtainthe energy servicesthat higheruse of fuel wouldotherwisebring. Further,those
energy servicescan be providedwith/ess capital investmentthan would be necessary
if traditionalpracticeswere followed. Both of these resultshave obvious and important
development and environmentalbenefits. In short, consumers have more money
availableto buyotherthings;productioncostsare lowered,improvingthe abilityof firms
to compete in internationalmarkets; and more capital is available to invest in new
machinery and equipment that producesgoods and services to use in Hainan or to
export to othercountries.

This is a preliminaryreportand much work needs to be done before a program
can be designed and put into place. However, based on the preliminarysurvey, the
conditionsin Hainanare veryfavorablefor the successof an IRP approach.

Moreover,this appears to be the appropriate time to move forward. Enough
experienceexiststo conductthis programwitha good expectationof success,yet it is
early enough in utilization around the world that Hainan may obtain a competitive
advantage by being ahead of its neighborsif it movesquickly. Further,the longer the
delay in implementingthisstrategy,the greater the loss in potentialbenefits,especially
in a fast-growingeconomy such as exists in Hainan. Major opportunitiesfor energy
savingsare losteach year as factoriesare builtand equipped, housingconstructed,and
appliancesbought-ali with inefficientenergy use patterns.

If the Hainangovernmentdecidesto adopt the strategyoutlined here, the steps
to be ta'kenare reasonablywell defined. A policydecisionneeds to be formulatedand
communicated; technical assistance needs to be acquired for the first stages of the
analysisandto trainHainanofficialsand staffinthe techniques involved;regulationsand
incentivesneed to be developed and implementedto foster changes in behavior and
decisions;anda continuingOfficedesignatedand staffedto coordinateand sustainthese
activitiesover time.
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Use of the IRP approach is demonstrated in the body of the Report. IRP is a
managementtool that allowsfirms (for simplicity,we will concentratehere on electricity
supplyfirms)to consistentlycomparethecost-effectivenessof alitheirresourceoptions--
those on boththe demand and supplyside--takingintoaccounttheir differenteconomic
andreliabilitycharacteristics.Simplyput,the IRPprocessincreasesthechoicesavailable
to an electricfirm in meetingits demand. The firm then selectsthe mix withthe lowest
cost, thereby increasingits chances of making more profit. Utilitiesin the West have
foundthat theycan cost-effectivelylowercapacity requirementsby morethan 25 percent
usingthe IRPprocess. Thisoccurswhilesimultaneouslymeetingalicustomerneeds,and
at lowercosts per kWh.

Using IRP principles,we identifiedpotentially attractive, environmentallybenign,
politicallyfeasible energy resourceoptionsfor Hainan, including:

,, using electricitypricingas a demand-sidemanagement(DSM) strategy;
,, developingconservationbuildingstandardsfor new construction;
= implementingtechnicalDSM programsinthehousehold,commerce,industry,

and transportationsectorsof Hainansuch as measuresto increasethe
penetrationof solar waterheatersand more efficientlightingand cooling
systems;

,, exploringthe possibilityof usingwindon a largerscaleto generateelectricity.

The optionsare potentially attractivebecause they were not identifiedon the basis of
rigorousanalysis,but rather estimated based on the experiencesof the authors with
energyplanninginothereconomies.Attractive isdefinedintheeconomicsense to mean
that the benefitsof implementingan optionexceed its costs,where benefitsfor electric
power options are defined as avoidingthe cost of constructingand operating a coal
generatingunit, Hainan's marginalgeneratingsource. Althoughemphasisis placed on
the electric power sector because of its high expected rate of demand growth and its
importanc_environmentally,a majorconclusionof thestudyisthatthe Hainanauthorities
should also look at the feasibility of implementing automobile traffic management
measures,especially in the growingcitiesof Haikouand Sanya, and the Yang Pu area
as it develops inthe future.

In Table S.1, we summarizethe potentialeffects of selected DSM programson
Hainan'selectricpower systeminthe year2000. (Other partsof an IRP approachwere
not examinedrigorously.)Projectedelectricitydemandfor the year 2000 isbased on the
Hainangovernment'sforecast in its 8_'FYP. The data indicatethat estimatedelectricity
savingsfrom implementingDSM programsare substantial. Assuminga 0.6 load factor,
the 1,139 GWh of energy savingsfrom the DSM programsin theyear 2000 translateinto
217 MW of capacity savings,which representnearly 80 percentof Hainan's 1992 peak
electricity demand. Assuming an avoided coal-fired unit with a $1,000 per kilowatt
capacity cost, the 217 MW of capacity savingstranslate into a $217 millionmonetary
savings.Assuming$2,000 per kilowatt,the savingsincreaseto $434 millionor more than
one-fifthof Hainan's 1992 grossdomesticproduct.

The data in Table S.1 understatethe benefitsof implementingthese programs.
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Table S.1
Summaryof Poten'dalSavings

Selected Demand-SideManagementMeasures
Hainan, China

2(X)0

Forecasted Energy Savingsb
Sector Demand (GWh)

in 2000= % GWh

Households 414 25 103
Commerce 650 25 162
Industry 4,368 20 873

Total Energy (GWh) 5,432 21 1,139

Total CapacitySavings(MW)= 217
Total Monetary Savings($MiUion),assuming--

$1,000 per kilowa_ $217
$2,000 per kilowattd $434

SOURCE:Analysisin text.

'=Basedon Halnan's EighthFive-YearPlan.

blncludesonly the energy savings. Does not include social and economic benefits;e.g., environmental
benefits,macroeconomicbenefits,export promotion,etc.

=Assuminga 0.6 load factor.

=Thecost per kilowattof constructinga 200-MW co= i_antin Halnan.

III I

First, because of data andtime constraints,we were not able to considerthe full range
of DSM possibilitiesand their interaction. Forexample,we didnot quantifythe effectsof
using cost-basedelectricitypricingas a DSM strategy. Second,we did notquantifythe
macroeconomicbenefitsof implementingDSM programs. Infact, one of the study'stwo
recommendationsisthat Hainanauthoritiesexplorethe possibilityof developinga Center
for Export Technologies which would be a test bed for developing energy efficient
technologies and adapting them for use in mainlandChina and other SoutheastAsian
countries. That Center could eventuallylead to developmentof a significantexport
industry.Anotherimportantmacroeconc_micbenefitarisesfrom the lowerelectricitycosts
resultingfrom implementationof the program. Besidesthe obviousbenefitsto customers
in Halnan, lower electricity costs have the added benefit of making investmentsin
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Hainan'sindustriesmoreattractiveto foreigninvestors.Finally,the environmentalbenefits
of not burningcoal were not quantified.

And, those environmentalbenefits could be substantial. Besidesthe obvious
direct benefits to citizens from reducing pollution discharge, improvedenvironmental
quality-together with traffic managementin Haikou, Yang Pu, and Sanya--could be a
boon for the tourist industrythat the Hainan authoritiesare trying to stimulate. Also,
although Hainan is not a major contributorto the greenhousegas problem because of
its small size, it could be a positiveforce for reducing greenhouse gas emissionsby
demonstrating to mainland China the process of evaluating resources and using
technologies to control energy demand. As discussed above, the mechanism for
accomplishingthis technologytransfercould be a Center for ExportTechnologies. This
processcould also serveas an investmentmagnet and exportgrowthcenter,improving
the productive capacity and industrialdevelopment of Hainan. Technologies and
practicesprovenin Hainancould be exported to otherAsiancountries,perhapsleading
to furthereconomies of scale in manufacturing.

The other major recommendationof the studyis that these DSM interventionsbe
analyzed in depth usingthe principlesof integratedenergy planningwithinthe context
of Hainan's currentelectric power deliverysystem,itsexpectedgrowth in demand, and
conventionalgeneratingoptions. Thisinitiativewouldrequirea commitmentto (i)training,
(ii) information-gatheringon Hainan's electricitycustomersand their consuminghabits,
and (iii)comparingthecharacteristicsof demand and supplyresources.These activities
could be jointly conductedwithother researchorganizationsin China.

We make these recommendationsrecognizingthat Hainan currentlyhas excess
generating capacity. However, despite this excess, this is an ideal time in Hainan's
developmentto implementintegratedenergyplanning. Forone thing,Hainan'seconomic
output is expected to double in a five-year period with a correspondingincrease in
electricityconsumption. That consumptionincreasedby nearly40 percent in 1991 and
is expected to grow at nearly the same rate this year. Before long, Hainan's excess
capacitywill deteriorateinto a deficiency.

Second,manyof the demand-sidemanagement (DSM)programsidentifiedinthis
study have long lead times before reaching maximum penetration into the market.
Relatedto this, it will take a considerableamountof time to (i) assemblethe necessary
data to developDSM programstailoredto Hainan'sconditions,(ii) comparethemwiththe
costsof buildingnew power plants, and (iii)implementthe cost-effectiveprograms.

Third,Hainan'scurrentlowlevelof incomeimpliesmodestpenetrationof themost
electricity-intensivedu,.-ables.Economicdevelopmentimplieshigher income levelsand
the penetration of new and differenttypes of electricity-usingdurables such as water
heaters, air conditioners,refrigerators,and lighting. The abilit,, of the governmentto
promotethe use of energy-efficientdurablegoods is muchgreater beforethose types of
productshave had much time to penetrate Hainan's markets. There is inertia in an
existingstock of electricity-usingdurable goods, implyingthat they will not be readily
traded for more efficientnew ones in the short term even if bettermeans of meeting
needsexist. The longerthe delay, thegreaterthe sacrificein Hainan'sfuturewell-being.
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Finally, regional and global environmentalconcerns about generating electricity
from coal focus special attention on Hainan's power sector. Because Hainan's
hydroelectricresource base is nearly exhausted, its avoided power source is coal.
Therefore, any reductionin electricitydemand in Hainan willserve to reduce emissions
from coal-burningpower plants.
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1. BACKGROUND

1.1. THE ENERGY SITUATIONIN CHINA

China is struggling,along with the res_of the world, to provideenergy services
to supporteconomicgrowthanda risingstand,'_rdof livingwhileimprovingenvironmental
quality. The situationis especiallydifficultfor China because these tasks must be
performedin the face of a rapidly expandingpopulation,burgeoningeffectivedemand
per-capita from the consumer sector, an urbanizationmovement which places more
demands on using modernfuels,growingindustrialization,and a pervasiveshortage of
capital. Ingeneral,environmentalresourcesarealreadystressed;successdemandsthat
these added energy services be provided while simultaneously reducing existing
emissionswhich are already beyond those which can be tolerated in the long term
(Perlack,Russell,and Shen, 1991).

Underthesecircumstances,the approachof integratedResourcePlanning(IRP),
which has been pioneeredelsewhere in the world, appears especiallyattractive. This
Report describes the IRP approach, discussesthe results obtained elsewhere, and
suggests hcw IRP might be applied to Hainan Provinceas a test bed for evaluatingits
promiseforotherareasin China. The primaryfocusin this Reportis on the provisionof
electricity services because that is where the opportunitiesappear greatest and the
experience is most complete. The same principles,however, can be extended to
provisionof other energyservices.

1,?.. WHAT IS INTEGRATEDRESOURCE Fq.ANNING?

Spurred by the risingcosts of constructingnew electricgeneratingplants, high
fuel costs, and increasingenvironmentalconcernsover emissionsfrom fossilfuelplants,
electricityproducersin many countriesare lookingto the demand side as a source of
resources for meeting energy (i.e., kWh) and load (i.e., kW) requirements. That is,
changing the pattern and level of electricity(i.e., demand-sidemanagement (DSM)) is
weighedas a resourceoptionon an equal footingwithtrad'3onalsupplyresources(e.g.,
buildingnewgeneratingstations,extendingthe lifeof oldones). The processof selecting
a resourcemix on the basisof comparingthe benefitsand costsof demand and supply
resources is referredto as integrated resource planning(IRP). The IRP process is a
combinationof (1) traditionalleast-costplanning,a process bywhich utilitiesminimized
the cost of generatinga given amount of electricityand (2) demand-sideplanning. Its
goal is to provide needed electricity at the lowest possible economic, social, and
environmentalcost.

In Figure1, we place DSM planning in the context of a dynamicelectricutility
planningframework,including(1) factors thatmotivateutilitiesto considerDSM planning,
(2) the relationshipbetween demand-side planningand the IRP process,and (3) DSM
programimplementationand evaluation(Hill,Hirst,and Schweitzer,1991). The wocess
is dynamic not onlybecause planningby itsvery nature is evolutionarybut also, as we
show in Figure1, because the effect_eness of DSM programs has feedback effectson
both the procer_sof selectingthe programsand theway in whichthey are implemented.
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Figure 1
Integrated Resource Planning as Part of a Dynamic Process
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The effectivenessof DSM programs, of course, can be determinedonly by systematic
programevaluation(Hill, Hirst,and Schweitzer,1992a).

As we show in Figure 1, characteristicsof both the power deliverysystem and
customerdemand influencedecisionmakingon whetherto engage in DSM planning. For
example,the types of generatingunitsusedby electricutilitiescan be a motivatingforce
to engage in DSM planning. Basedon statisticalanalysisof 24 U.S. utilities,the percent
of total peak (kW) resourcesprojectedto be metby DSM is largerfor utilitieswithgreater
dependence on oil and gas generatingunits fo,rpeaking purposes,which_have higher
costs per kWh generateC. Similarconclusionsresultfrom energy consumption(kWh)
avoided by conservationprograms. That is, if production costs are higher, firms try
harderto promotereductionsinusebytheirconsumers(Schweitzer,Hirst,and Hill,1991).
On the demandside, utilitieswithlow load factorsare more likelyto seek ways to shave
peak load. There are several powerfulDSM tools that can be used to accomplishthis,
includingelectricitypricing(Hill,1990, 1991a). The goal in ali cases is to find the mixof
supply and demand resourcesthat lowers present and future costs and, therefore,
increasespotentialprofitsand the amountof capitalavailablefor reinvestment.

The integrated planning process shown in the middle box of Table 1 will be
discussedin depthinSection3. Therefore,we deferdiscussionof theprocessuntilthen.

The final two sets of blocks on implementationand evaluationare important.
DSM programsare implementedand evaluatedin the same way that supply resources
are. That is, DSM programsare treatedparallelto the manner in which a utilitychooses
to (1) build a power plant, (2) constructit, and (3) evaluate its performance. As we
discussin Section3, the problemthat manyutilitiesconfrontintreatingDSM and supply
resources in a parallelmanner is the lack of data on running DSM programs. The
technicalsavingsof these programsare generallywell known, lt is the marketingside
where utilitiesare deficientbecausefirmsdo not have enoughinformationto know how
their decisionswillaffecttheir potentialprofits. They need informationon:

= the number of customersusingdifferenttypes of electricity-usingdurables
and, therefore,the total amountof savingsavailablefrom a program;

• the possible market panetr=tionof energy-efficientdurables;
• quantificationof the trade-offsbetween marketingthese durables and their

penetration,
• the most effectivefinancingmechanismsfor differentprograms.

1.3. HOW MUCH SAVINGSARE POSSIBLE?

In Table 1, we presentsome evidence on the contributionof DSM programsto
meetingfutureelectricenergy (kWh)andpeak load (kW)in 'IheUnitedStates. The results
are based on surveyresponsesfrom 24 U.S. electricutilities(Schweitzer,Htrst,and Hill,
1991). The 24 utilitiesrepresentone-thirdof the U.S. electricutilityindustryin terms of
peak load. The survey resultsare presentedon two basesInTable 1: (1) the percentage
of total resources (i.e., energy services supplied) accounted for by running DSM
programs,whichisthe percentagereductionof totaldemandattributableto runningDSM
programsand (2) the percentageof incrementalresources(i.e.,energyservicessupplied)
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accounted for by running DSM programs,which is the fractionof additional resources
added by utilitiesinthe 10-yearperiodfrom 1990 to 2000 that are accountedfor by DSM
programs.

!

Table 1
Energyand Peak Load Savingsfrom DSM Programs

U.S. Elecffi¢Utilities
1990 and 2000
(InPercentages)

Energy= Peak Load"
Type of Savings

1990 2000 1990 2000

Total ResourceBasis 0.5 3.8 1.3 6.2

IncrementalResourceBasis NA 15.5 NA 27.7

SOURCE:Schwettzer,Hirst,a.r_!Hill,1991.

'Weightedaverage,_ on responsesfrom24 utilities.Peakcouldoccurin thesummeror winter
_:Ji_ on the¢wnar_c_racter_csof ir_:_ utility.

_. Not,_opitca_

I

To facilitate understandingthesetwo bases,we characterizethem inFigure2 (Hill,
Hirst,andSchweitzer,1991). The No IncrementalDSM curveisa referenceforecastfrom
the CurrentYearforward,a best-guess of what load is going to be before includingthe
estimatedeffectsof DSM options. The ProjectedLoad curve is a forecastof future load
requirements,includingthe effectsof DSM programs. ExistingSupply Resourcesrefers
to the amountof generatingcapacitythat is committedand knownat the timethe plan
is beingdeveloped. That amount is showndecliningoverthe forecasthorizonin Figure
2, implyinga net depreciationof supplyresources.

The survey resultsshown in Table 1 indicatethat U.S. utilitieswill significantly
increase their DSM activitieson a total resourcebasisfrom 1990 to 2000. In the year
2000, peak demand,forexample, isforecastedby these24 utilitiesto be 6.2 percent less
than it otherwisewould be if DSM programswere not implemented. The savingson an
incrementalbasis are much larger, of course. Nearly 30 percent of additional peak
electricpowerresources(IdN)willcomefromthedemand sidein2000. Projectedenergy
savings (kWh) are one-half of projected peak load savings, suggesting that load
managementprograms (e.g., direct load control programs that change the time when
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electricity is used) are more pervaoiveand/or effective than those aimed at improving
energyefficiency(e.g., conservationprograms).

II I IIII I I I

Figure 2
Incremental and Total DSM and Supply Resources

MW

ill i ,, _ ,m

Cumml

i

IIII I I I I

The data in Table 1 are weightedaverages of the 24 utilitiesrespondingto the
survey. Clearly,differentutilitieswith differentoperating conditionswill have different
potentialsfor DSM savings. For example, ali other conditions the same, utilitiesthat
aggressivelypursued DSM programsin the pastwillnot have thesame savingspotential
ten years from now as those utilitiesjustbeginningDSM planning. Utilitieswith different
climatesanddifferentloadfactorswillalsohavedifferent DSM potentials. To demonstrate
different potentials across utilities,in Figure 3 we dlsaggregate the survey results
presentedinTable i to an individualutilitylevelfor the incrementalresourceprojections.
Some of thtputilitiesare projectedto get as much as one-haftof their additionalenergy
and peak load resourcesin the the next ten years from DSM resources. Other utilities,
on the other hand, will not be getting as much as five percent of their energy
requirementsfrom DSM programs.

1.4. SCOPE AND ORGANIZATIONOF THE STUDY

In Figure 1, we showed how the IRP processfits into a larger, dynamic setting.
In Section3.1, we expandon this discussion,providinga step-by-stepprocedurefor the
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process:datarequirements,developmentof DSM programs,selectionanduseof models,
and the like. Data and time limitationspreventusfrom conducting a full-scaleIRP study
here. Nonetheless,in Section 3.2 we indicatepossiblesavingsfrom implementingDSM
programsin Hainanin the year 2000. We selectprogramsthat are the most attractive--
i.e., the P!_hest expected benefit:costratios-from experienceswith these programs in
other parts of the world that are similarin size, climate, and stage of developmentto
Hainan. Jamaica and the U.S. VirginIslandswere singledout for these reasons.

I I

F'_gure3
DSM ContdbutiorBto ResourceAdditions

, umysurvw
\

% OF 1990-2000 ADDITIONS FROM DSM
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1 20
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In Sections 4 through 6, we discussthe alternativesto constructingfossil-fuel
generating plants in greater detail. In Section 4, technical DSM possibilitiesare
addressed. We organize the discussionaround two topics: (1) conservationbuilding
standardsand (2) DSM possibilitiesby sector-households, commerce,and industryfor
electricityand trafficmanagementfor the cries of Haikou and Sanya and the Yang Pu
region. Electricitypricingas a DSM strategyis discussedin Section5. Here, we lookat
the industrializedcountries'experiencewithsuchpricingstrategiesas time-of-daypricing
and interruptibletariffs. We then applythese experiencesto Hainan. Here again, data



limitationspreventquantifyingtheeffectsof implementingthesestrategiesinHainan;they
are discussedqualitatively. In Section6, we discusspossiblecost-effectiverenewable
energy applications. On the supply side, we look at the possibilityof using more wind-
based electricitygeneration. On the demand side, we discusssolar water heating.

We conclude in Section7 with two recommendationsfor the Hainangovernment.
The first urges that the government begin immediatelyto establisha mechanism for
instituting an IRP process. In the second, we suggest that the government take
advantageof its experiencewithIRP by promotingan exportindustryfor theconservation
technologiesidentifiedas part of the IRP process.

Before beginning, it will be helpful to provide an overview of Hainan and its
economy for the readerunfamiliarwith China's largestspecial economic zone. We do
this inthe next section. We emphasizeHainan's energysector in the discussion.



2. OVERVIEWOF HAINAN

2.1. BACKGROUNDON HAINAN'SECONOMY

From 1979 to 1982,the Chinesegovernmentcreated fourspecial economiczones
(SEZs)on the Southeasterncoastof China: Xiamen,Shantou,Shenzen,and Zhuhai. An
SEZ is an area designatedto carryoutthe export-developmentportionof China'smixed
developmentstrategy.Thatstrategyincludesbothimportsubstitutionandexport-oriented
development:inlandareas are consignedto importsubstitutionactivities,while the SEZs
are engaged in export-relatedactivity.

In 1988, Hainan Island off the Southeast coast of China was separated from
Guangdong Province,organizedas a separate Province,and designatedChina's fifth--
and largest--SEZ. Hainan has a long history of commercialand industrialcontacts
outside of China. Also, much of the overseas Chinese population comes from
southeasternChina,providinglinkageswith this regionto the rest of the world.

SEZs are not intended to be isolated from the mainland Chinese economy.
Rather,they are intended to be "bridges"between the mainland and the international
economy. The central governmentin Beijing establishesthe general guidelines for
economic activity,in the SEZs. From this basic blueprint,local authoritiesare free to
make economicdecisionsto suit the conditionsof theirarea and of internationaltrade.
The regulatoryenvironmentfor thosedecisions,of course,is differentfrom thatgoverning
otherareas of China.

°_.qinan'seconomicdevelopmentstrategyisexport-oriented,looselymodeledafter
those of South Korea, Taiwan, and Hong Kong. The success of that strategy and
economic development depend on Hainan's ability to harnessdomestic savings and
attractforeigninvestment.Thusfar, a stockmarkethas beencreated in Haikouwithfour
firmslicensedto use it. A foreign exchange market existswhere currenciesare freely
traded and their pdcas determined by market conditions. A bond market is in the
process of being organized. The governmenthas made a specialeffortto attract foreign
investment,especiallyin Yang Pu, a port regionon the Westerncoast of Hainan,where
it created a 30-square kilometer"special"special economic zone. For the first time in
China,enterprisesinthat zone willbe permittedto issue bonds and equityshares using
fixedassetsas securityto raise fundsfrom foreign investors.

Thus far the economic reformshave been fairly succossful. From 1_.o90-1995,
governmentplannersprojecttheeconomyto growat the rateof 16 percent peryear, and
to increasesix-foldby theyear 2000 (Table 2). GDP per-capitawillnearlytripleover the
same time period, from $268 in 1990 to $734 in 2000.

A limitingfactor in Hainan's growth ironicallymay be a lack of labor. Table 2
showsthat governmentplannersexpect the populationto increaseby 1.6 millionpeople
over the decade, from 6.6 to 8.2 million people. This population level may not be
consistentwith attractinglabor-intensiveindustriesas part of its developmentstrategy.
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Table 2
Actualand ProjectedPopulationand GDP

I-lain=m,China
1990, 1995, and 2000

GDP per
Year GDP" Capitab Populationc

1990 1.8 272 6.6
1995 3.6 486 7.4
2000 5.9 740 8.1

SOURCE:HainanElectricityBureau.

=InbillionsofU.S.dollars;basedonanexchangerateof5.3YuanperU.S.dollar.

binU.S.dollars;basedonanexchangerateof 5.3YuanperU.S.dollar.

tinmillions.

III II I II IIII III I

2.2. AN OVERVIEWOF THE ENERGYSECTOR

2.2.1. Energy Balance

Historically, Hainan has imported mostof its energy requirements--primarilyfrom
the mainland. Its major imports includecoal, diesel, gasolineand charcoal, lt has no
known reservesof crude oil. Hainan's majorenergy resourcesincludeoiJshale, a low-
grade brown lignite,and some off-shorenaturalgas approaching 168 billion m3. Most
of the annual productionof that gas, however,is destinedfor Hong Kong on the basis
of an agreementsigned by the parties in March 1992.

The island also has some potentiallycost-effectiverenewable energy forms,
includingthe sun,wind, and biomass. The exact amountsof these resourcesawaits in-
depth studies.

2.?_2. A Cloeer Look at the PowerSector

In Table3, we showthe electricgeneratingcapacityof the Hainanprovincialgrid.
As footnotea notes,total grid capacityof 626 MW understatesthe total amounton the
islandby 160 MW whichis owned by serf-generatorssuchas sugarmills,small, isolated
hydropowerstations,and the like. Generatingcapacity is expected to increase to 866
MW by 1995, with completion of a 240-MW hydropower station at Da Guang Ba.
Capacity is then expected to increaseto 1,590 by 2000, reflectingin large measure600
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MW of new coal-firedcapacityat Basao0 This600 MW was initiallydesigned to be gas-
fired, withthe naturalgas comingfromthe off-shoregas discoveries. However,most of
the naturalgas isnow scheduledto be exportedto Hong Kongon thebasis of a recently
signed deal (March 1992)betweena Chinese-Americanjointventureand the Hong Kong
utility. If more gas is discovered--andthere are indicationsthat it may be--the 600 MW
at Basaocould be converted to naturalgas.

Table 3
Actu=and Gro. ofGeneragCapadty

Hainan, _ ProvincialGrid
Im_.., 1995, and 2000

0nMe0a.,a_)

Year Coal Hydro Total

1992a 439 187 626
1995 439 427 866
20(Y_ 1,039 551 1,590

SOURCE:Hainan ElectricityBurP.au.

__,apaclty of the provincial grid only; does not include 160 MW of off-grid
capacity.

UDoesnot Include 1,300 MW of plannedcapacityin Yang Pu which will be built

by prlvateinterests. _,,_

As Footnote b in Table 3 indicates, total generating capacity in the year 20(X) [
would be almostdoubled if the 1,3(X)MW, coal-firedunitsat Yang Pu were included in \
the total. Thiscapacityis to be builtinthree phases(2X100 MW, 2X200 MW, and 2X350
MW). Presentplansare that these facilitieswill be constructedand operated by private
interests(probablyJapanese) as part of the developmentstrategyof the "special"SEZ
inYang Puand semi-isolatedfromthe provincialgrid. Thisdecisionisstillin fluxbecause
management of the ElectricityBureau seeks to integrate those facilitiesinto its own
constructionand operatingprogram.

This marked growth in electric generating capacity, of course, mirrors the
projected growth in electricitydemand. In Table 4, we show that electricitydemand is
expected to grow by five-fold over the 1990-2(XX)period, reflecting in large part the
growthin industrialuse of electricityfrom 6 tWh in 1990 to 44 tWh in 2000.
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Table 4
Actualend ProjectedGrowthin ElectricityConsumption

Hainen,China
1990, 1995, and 2000

(in GWh)

Sector 1990 1995 2000

Households 233 380 414
Commerce 239 325 650
Industry 595 2,003 4,368
Agriculture 68 92 108

Total 1,135 2,800 5,540

SOURCE:HainanElectricityBureau.

2.2.3. Energy Pricing

Currently, electricity prices are set to recover (i) variable costs of producing
electricity, (ii) a tax to support operationof the ElectricityBureau,and (iii) a returnfor
capitalemployedin producingelectricity. Evidenceisthat revenuesat presentfall short
of meetingthese goals and electricityis subsidized. To increaseprices, the Electricity
Bureau submits relevant financial information to the ProvincialPrice Bureau which
determineswhetherprices shouldbe increased,taking social,economic, and provincial
goals into acco,Jnt. Provincialpricesfor key commoditiessuchas electricityare based
on national prices determined in Beijing, adjusted for local conditions. Other key
commoditiessubjectto pricecontrolsaresteel,cement,andtimber. Gasolineprices are
subject to price controls, but in a littlebit differentway. They are based on a two-tiered
pricingsystem in which the first tier is coupon-basedand the secondtier is based on
marketforces.

2.2.4. Energy

Currently,responsibilitiesforenergyconservationactivitiesare lodgedina number
of differentinstitutions. For example,industrialelectricityconservationrestsinthe Office
of Conservationof the Bureauof Industry.The Officecantell industryto stop consuming
electricityif it exceeds a certain level,but no sophisticatedenergy conservationanalysis
or operationalprogram exists. The responsibilityfor petroleumand gas conservation
restswith their respectivenationalcompanies.
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In the future, an EnergyConservationBureauwillbe created to consolidate most
of the energy conservationactivities. That Bureau will administera proposed Energy
ConservationFundwhichwillbe used to help financeenergy conservationinvestments.
Funding for the bureauwillcome from the centralgovernmentin Beijing,the Provincial
governmentin Haikou, and foreignborrowing. Unfortunately,this energy conservation
funding source will be made available primarilyto large, state-owned, energy users.
Smallerenergyusers muststillrelyon the oldersystemof financingenergyconservation
improvementsfrom local financingsources.



3. AN INDICATIONOF POSSIBLESAVINGSFROM IRP

3.1. PROCEDURESFOR DETERMININGCOST-EFFECTIVEOPTIONS

Inpractice,electricutilitiesthatpracticeIRPusedifferentapproaches,varyingfrom
the simpleto the complex. One reasonfor differencesin the United Statesis regulatory
requirementsinthe differentjurisdictionsin whichthe utilitiesare found. Anotherreason
for differencesisexperience.BecauseIRPisa recentphenomenon,manyutilitiesare just
beginning to wrestle with the more complex aspects of IRP, such as the type of
integratingmethodto use. Utilitiesthat have engaged in IRP over a period of time are
likelyto have developed an organizationalstru_ure and in-houseexpertiseto use more
sophisticatedapproaches(Hill,Hirst,and Schweitzer,1992c).

An important differencein the approaches used by utilitiesis the way in which
DSM optionsare characterized. Some utilitiescompare DSM technologies with supply
resources. To illustrate,a fluorescentlightingtechnologyfor commercialcustomersis
compared with a new generating unit. Other utilitiesaggregate DSM technologiesto
varying degrees and comparethe aggregatewith supply resources. Aggregatingthree
differentcommerciallightingtechnologieson thebasisof marketsegmentsisan example.
lt is more appropriateto these programs. A DSM programis a group of technologies
combinedformarketingto a specificcustomergroup. Ideally,technologiesare combined
in a package to complementratherthan compete againstone another (Hill, Hirst,and
Schweitzer,1992a).

We showedhow developmentofthese DSM programsfromtechnologiesfits into
a three-phaseintegratedplanningframeworkin Figure1:

• Identifyingand screeningDSM technologies,
• Developingand screeningDSM programs, and
• Integratingthose programs with candidate resourceson the supply side to

developa coherentresourceplan.

DevelopingDSM programsrequiresthat technologiesfirstbe identifiedand then
evaluated for appropriatenessto a utility'scustomers. A mechanismmust then be
developedto transformthe technologiesinto DSM programs.

A major problem is the enormousamount of data requiredto accomplish this.
Those requirements relate to (1) informationon prospective participation in DSM
programs,(2) quantifyingthe savingsresultingfrom implementationof the programs,and
(3) the costs incurred by the utilityand customer to participate in a program. To
determinethe number of potentialparticipantsin a DSM program,a significantamount
of information must be known about the targeted group's prospective electricity
consumingbehavior(e.g., amountand type of end uses,time of day). This is particularly
difficultto obtain in a fast-changingsituationsuchas willexistin Hainan. In determining
savingsfrom a technology,a distinctionmust be made between total savings (i.e., the
reduction in electricity use by participatingcustomers)and net savings (the portionof
total savingsthat can be attributedto the DSM program). Therefore,a significanteffort
must be expended on analyzing savings due to secular trends, endogenous and

15



16

exogenous factors such as income effects and price effects. In a developing country
context, those can be substantial. For example, net fuel savings from efficientstove
programshave been found to be far lessthan projectedbecause utilizationincreases.

A numberof modelshave beendevelopedto assessDSM and supply resources
withvarying degrees of analyticalcomplexityand data requirements. Examplesinclude
the MultiobjectiveIntegratedDecisionAnalysisSystem(MIDAS)developedfor the Electric
Power ResearchInstitute(Temple, Barker,and Sloane, 1988), UPlan developed by the
Lotus Consulting Group (1988), the Decision Impact Assessment Model (DIAMOND)
developedby Oak RidgeNationalLaboratory(Gettings,Hirst, andYourstone,1991), and
Scenario Analysis Framework for Expansion Planning (SAFEPLAN)(Policy Planning
Associates,1990). The more importantcharacteristicsincluded in these models (with
possibilities)are:

• capacity expansioncapability (yes, no),
• treatment of time-of-use variations in demand (load duration curve,

chronological),
• productioncostingroutine(yes, no),
• financialsimulationmodule (yes, no),
• treatmentof uncertainty(yes, no).

The degree of complexityof a planningmodel-and user unfriendliness--isrelated to the
manner in which each of these characteristicsis treated. A model that has capabilities
to:

,, selectan optimalmixof resources,
• characterizedemand for 8,760-houryears for everyyear over the planning

horizon,
• determinethe variablecosts of employingsupply-sideresources,
• simulatethe financialperformanceof the utility,and
= includeuncertaintiesin resourceselection

tends to be very large and complex with significantdata requirements. Obviously
substantiallylesscomplexmodelscan be usefullydeployedand providemanyifnot most
of the outputs and decision insightsrequiredat much lower cost. Complexitycan be
added as the situationjustifies.

Oncea model has beenselected,an integratingmethod mustbe chosen. Three
methodscan be usedto integrateDSM and supplyresources:(1) a sequentialapproach
in which DSM resourcesare selected first; (2) a sequential approach in which supply
resourcesare selected first; and (3) a simultaneousapproach in which resourcesare
selectedjointlyusingsomemeasureof cost-effectivenessas a guide. Assumingthat the
objectiveof utilitiesisto minimizetheircosts,each of the threeshouldtheoreticallyresult
in selectionof the same set of resources. In practice,however,they do not. Ifa utility's
goal is to find the resourcemix that minimizesits cost, it should use the simultaneous
integratingmethod(Hill, 1992b).

lt bears noting that the promise underlyingeach of these approaches is that
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social, economic, and environmentalvaluesare fully reflectedin the conditions(prices)
by which each prospectivesource is obtained. Sometimes, though, especially in a
developing country context, externalitiesare not fully captured--differingemployment
effects, balance of payment constraints,equityconcerns, etc.--and in that case explicit
attentionto these is requiredin the integratingprocess.

Becauseof theircomplexity,however,simultaneousintegratingmethodsrequire
considerablymore expertise and commitmentof staff and financial resourcesby an
electricutilitythanthe twosequentialapproaches. The costsofthese additionalplanning
requirements,however,must be weighed againstthe benefitsof obtaininga resource
portfoliothat movesthe utilitycloser to minimizingitstotal costof service.

Differentdimensionsof re,,_ourcesalso complicatethe integratingprocess and
increasethe cost of using v_riantsof the simultaneousapproachesin comparisonwith
the sequentialones (Hill,Hirst,andSchweitzer,1992b). That is, althoughDSM programs
and supply resourceshave the common characteristicof meeting future energy and
capacityrequtr_,ments,theymay differalongthreedimensions:(1) financial,(2) economic,
includingexternalityand value of .qorviceconsiderations,and (3) reliability.

Thefinancialcriterionforselectingresourcessignificantlyinfluencesresourcemix.
Inthe UnitedStates,four testsoriginallydevelopedforCaliforniautilitiesare widelyused
to determine the cost-effectiveness of DSM programs (California Public Utilities
CommissionandCaliforniaEnergyCommission).Assumingno externalitiesare included
in the calcLlations(discussed below), the tests measure financial impacts of these
programsthroughconsiderationof:

• Participants' Test, which measuresthe net financialimpact on customers
participatingin a DSM program, includingany paymentsreceivedfrom a
utility and any out-of-pocketcostsincurredby the customer;

• Ratepayer Impact Measure, whichmeasuresthe impact of a resourceoption
on electricityprices for ali customers;

• Total Resource Cost Test, whichmeasuresthe net change in costsof an
optionto both participantsin the programand nonparticipants;and

• Utility Cost Test, which measuresthe netchange in a utility'scosts.

The testshave differentobjectivesand, therefore,capture the financialaspects
of DSM programs from different perspectives. The participants test, for example,
measures net benefitsexclusivelyfrom the standpointof the customersparticipatingin
a DSM programand, therefore,providesa good indicationof the receptivityof different
customersto a program. The ratepayerimpact measureistheonly testthat capturesthe
change in revenues resulting from DSM programs and, therefore, is used widely to
determinea program'seffect on electricityrates. The last two tests, on the other hand,
determinea program'seffect on costsexclusively.The totalresourcecosttestmeasures
the effect on the sum of customers'and utility'scosts, while the utilitycost test (also
called the revenue requirementstest) measuresthe change in revenuesrequiredby a
utilityas a resultof changesin itscosts (Hill,Hirst,and Schweitzer,1992b).

The societaltest,a variantof the totalresourcecosttest,extendsthecomparison
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of resourcesfrom a financial to an economicbasis. That is, externalcostsand benefits
are includedin an economiccomparisonof resources--inadditionto financialcosts and
benefits. A complicatingfactor isthat these benefitsand costsare difficJItto quantifyin
manycasesbecau,qetheyare notgenerallydeterminedinmarkets. For _xample,a direct
load controlprogramor interruptibletariff may be cost-effectiveto bot,I customersand
the utilityin monetaryterms,but the lossof amenity (i.e.,convenience)in not being able
to consumeelectricityatcertaintimesof the day and/oryearmay significantlydepreciate
the monetary gainsaccruingto customers,a loss in value of service(VOS).

VOS refersto the price-consumptionrelationshipin the market for electricity, lt
typicallyappliesto DSNiprogramsbecausetheydirectlyaffectthe price of electricityand
consuming habits of electricitycustomers. However, carrying the argument further,
employingany resourcecan have an effect on VOS if it changesthe price of electricity.
For example, a utilitythat purchases power during times of system peak rather than
constructingnew capacitycan affect VOS if electricityprices are affected.

Macroeconomiceffectscan also providesubstantialexternalities. For example,
the macroeconomiceffects of using DSM programsin place of supply resourcesmay
have transitoryregionaland nationalemploymenteffects. A oecisionnot to constructa
new power plant, for example, will resultin a loss of jobs and incomeas a first order
effect in some locations. On the other hand, a DSM program reducing imported
petroleumrequirementsmay affect the balanceof payments.

Theexternalenvironmentaleffectsof usingdifferentresourcesarebecomingmore
and more important in electric utilityplanning. Fromthe supply side, operating power
plantsharmfulto theenvironmentmay giveDSM programsan economicadvantage ifthe
environmentalcostsof operatingthe plantscould be quantified.

Estimatinga resource'sreliabilityisImportantindeterminingitscost-effectiveness.
In determiningbenefit-cost ratios,for example, estimatesof reliabilityare importantin
quantifyingthe benefits (i.e., avoidedcosts) of usingresources. The challengein utility
planningis to characterizeproperlythereliabilityeffectsof DSM resources,allowingthose
resources to "compete"against one another over time for energy and load share,
satisfying the input assumptions(e.g., load forecast, fuel prices, capital costs) and
solutioncriteriaof the modelsused to make the estimates(Hill, Hirst, and Schweitzer,
1991).

3.2. APPLICATIONUSED IN THIS STUDY

Unfortunately,becauseof time, data, and other resourceconstraints,this study
could not get follow the procedurespracticedby some of the more advanced utilities.
Indeed, the situation in Halnan is radicallydifferentfrom that of the United States and it
would be totally inappropriateto attemptto replicateany of the models outlined above
in Halnan. Nonetheless,theprinciples whichunderlieexistingapplicationsare universal,
and can be adapted to providea distinctlyChineseapplicationof IRP suitableto Halnan.
A major recommendation of the study (presented in Section 7) is that the Halnan
Electricity i3ureau develop the capability to undertake an integrated planning effort
suitableforconditionsin Halnan. This hasalreadybeendone inregionssimilarto Halnan
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and that experiencedemonstratesthe robustnessof this approach.

There is enough informationavailablefrom the experiencesof other utilitiesin
other parts of the world to indicate the types of programsthat are likelyto prove cost-
effective in Hainan and to develop some very gross savingsestimates. Rather than
basingtheestimateson theexperiencesofelectricutilitiesinthe UnitedStates orEurope,
however,we take the experiencesof Jamaica(ConservationLawFoundation,1990) and
the ongoing study in the U.S. Virgin Islands (Hill, Chronowski, and Shapiro, 1992).
Jamaicahas a similarclimateto thatof Hatnanand isin thesame stagesof development.
Its per-capitagross nationalproduct is $1,500 in comparisonwith $400 for Hainan. In
1990, the year that the study was conducted, the peak load for the Jamaica Public
Service Company,the singleelectric utilityinJamaica,was 300 MW. Thisyear, Hainan's
peak load is 280 MW. Similarly,the U.S. Virgin Islandshas one dominantutility (the
Water and Power Authority)and a similarclimateto Hainan's. WAPAcurrentlyfaces a
peak load of 140 MW, splitbetween two unconnectedislands.

Using the experiencesof these two regions, we iaentified some conservation-
based DSM programsthat were likelyto be cost-effectivein Hainan. We useda 200-MW
coal plant as the benchmarkfor computingbenefitsin thisscreening. That coal plant in
Hainanwasassumedto havea capacitycostof $2,000 perkilowatt,employscoalcosting
$1.50 per 106Btus,has a heat rate of 11,000 Btus per kWh, and variableO&M costs of
$6.00 per MWH. We then comparedthese costswith the (estimated)costs of running
various DSM programs. The costs of those programswere based on out-of-pocket
expenditureson _hev_riousmeasuresandtheirassumedpenetrationrates. Again,these
values were based on the experiencesof Jamaica and the U.S. Virgin Islands. If the
benefitswere greater than the costs, the resource"passed" this gross, presecreening.
Whilean explicitstudyof Hainanwouldbe necessaryto determinewhich DSM measures
were appropriate and what the savings would be, this exercise provides a crude
indicationof what mightbe expected there.

The conservationsupply curve shown in Figure 4 characterizesthe approach
used in the study. Any DSM programthat we estimatedto have a cost of conserved
energy less than the avoided cost of Hainan's power system was considered cost-
effective. The conservation supply curve is "lumpy," of course, because the energy
savingsof DSM programsare discrete,ratherthan continuous.

In Table 5, we summarize the estimated resultsfor the year 2(X)O. That year is
convenientfor two reasons. First,if implementedinthe nextcouple of years,most of the
DSM programsconsideredhere would be approachingmaximumpenetrationby then.
For example,a residentiallightingprogramwouldtake approximatelyfive years from its
initiationto reachmaximumpenetration. Second,the Hainangovernmenthas forecasted
electricitydemand levels by consu;_ing sector for the year 2000 in its most recent
planning exercise. We use these levels as the reference from which savings are
estimated. The % savingscolumn ,foreach of ths programs in the table indicatesthe
estimatedpercentage reductionin consumptionfor each of the end uses. The total for
each of the sectors and the Hainantotal, of course, are weighted averagesof the end
uses. The GWh savings column represents the estimated energy saved from
implementingthe programs.
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"Nle resultsindicatea significantsavingsfromimplementingthese DSM programs.
intotal, 1,139 GWhof energyareestimatedto be saved. Assuminga 0.6 loadfactor,that
savingsrepresents217 MW of capacity,nearly80 percentof Halnan'scurrent peak load.
Most of the savingsare estirrmtedto be in the industrialsector because of the large
percentage of Hainan's eiectric_ consumptionattributableto industriaJusers. The
reason for this large percentage is the hig_ rate of industrializationanticipated by the
planners over the next eight years. We conservativelyestimate that 20 percent of
forecastedindustrislconsumptioncanbe sl_)d throughconservationmeasuressuchas
efficientlighting,and sir co_n.ditJoning.
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Table 5
Indicationof PossibleEnergySavings

from CormenmtJonPrograms
By ConsumingSector

Hainan,China
20O0

Sector/ % GWh
Program Savings Savings

Residential
SolarWater Heating 40 30
EfficientLighting 40 50
Cooling 20 23

Total 25 103

Commercial
EfficientUghting 70 120
Cooling 10 34
Refrigeration 5 8

Total 25 162

Industrial
Conservation 20 873

HainanTotal 21 1,139

SOURCE:Authors'estimates.

Again, the results in Table 5 do not exhaust ali of the DSM or efficiency-enhancing
possibilities. The data are merely indicativeof what is possible. For one thing, we
considered only conservation programs; load management programs were not
considered. And, loadmanagementprogramscan be powerfultoolsto shave peak load
andtherebyavoidconstructingand operatingcostlypeakingunits. Second, because of
data limitations,we did not consider behavioral DSM strategies such as cost-based
electricitypricing. Finally,we did not considerimprovingthe physical efficiencyof the
power deliverysystem.

Inthe nextthree sections,weexploretheseDSM optionsin moredetail, including
the ones that we were not able to provide quantitativeestimatesfor (e.g., electricity
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pricing). The discussionprovidesdescriptionsof the technologies,potential technical
savings from implementing the programs, and, in some cases, mechanisms for
implementingthe programs(e.g., utilityfinancing,customerfinancing).



4. TECHNICALDSM MEASURES

4.1. BUILDINGSTANDARDS

Morestringentenergyconservationbuildingstandardsinthe threerapidlygrowing
citiesof Haikou, Sanya, and Yang Pu could save significantamountsof energy. These
citiesare currentlyexperiencinga constructionboom and every indicationis that it will
continue to do so in the future. Therefore, this is a particularlyfavorable time to
implementconservationstandardsfornew commercialconstruction. Currently,Chinese
nationalstandardsare used. These standardsare not as stringentas those used in the
West. The recentlydevelopedstandardsfor Jamaicamay be a good referencepointfor
HainanauthoritiesbecauseJamaica and Hainanhave similarclimates(JamaicaBureau
of Standards,1992).

4.2. SECTORALMEASURES

4.2.1. Houseltolds

Generally speaking, lightingprogramsreplacingincandescentwith fluorescent
bulbs are among the most cost-effectiveDSM measuresfor any sector. That shouldbe
no different in Hainan. Developingan effective lightingprogram in Hainan, however,
depends on a numberof factors. Forexample, itdepends on whether or not lightingis
partof the buildingconservationstandards. AswithotherDSM programs,anotherfactor
is the type of marketthe programis designedfor: singleunits or multiplefamilies.

A programto increasethe penetrationof efficientlightingin Hainancouldachieve
rapidandsignificantdemand-sideenergysavingsfortheElectricityBureauwhilelowering
energy costs for householdcustomers. In Jamaica,for example,the authoritiesbelieve
thattheycan save 60 percentof the electricityusedfor lightingwitha direct-installlighting
program (ConservationLaw Foundation,1990). In the U.S. Virgin Islands,with nearly
37,000 householdsconsumingon average350 kWh per year for lighting,the savingsfor
this program approaches 6,000 MWh per year for islands with a population of only
110,000 (Hill, Chronowski,and Shapiro, 1992).

There are many differentenergy-efficientcompact fluorescentbulb and ballast
combinationsthat could be used in Hainan. Selectioncould be made on a house-by-
house basis to providethe requiredamount of lightingand to fit existingfixtures. An
examplewould be to replace incandescentbulbswithballastswithscrew-inadaptersso
that lighting fixtures would not have to be replaced. In cases in which screw-in
replacements are not appropriate,fluorescentfixtureswould be used as replacement
lighting.

Althoughthe initialcostof energy-efficientfluorescentsis significantlyhigherthan
their incandescent counterparts, a fluorescent bulb will outlast 13 incandescents.
Because of the high up-frontcosts, however,the program inust be made attractiveto
individualcustomers. One possibilityis to providethe lights at no cost to customers.
And, because it is difficultfor the average customerto identifythe appropriate lighting
retrofits,the programshouldbe implementedthrougha direct installationprogram. Inthis

3
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program, representativesof the Electricity Bureau would visit customers' homes and
installthe appropriatelightingretrofitsin high-uselocationswhere it is acceptableto the
customer.

The other two conservationmeasures listed in Table 5 for householdsare air
conditioningand solar water heating. The former is discussed under commerce in
Section4.2.2. and the latteris discussedin Section6 under renewableoptions.

4.2.2. Commerce

Givencurrentconditionsin Hainan,there are a numberof possib,itiesto improve
theefficiencyof roomandsmallcentralair conditionersusedin both residential(thought
to be limitedat the presenttin_e)and commercialbuildings,which can cost-effectively
reduce electricity consumption by a significant amount. The first is to establish
progressiveperformancestandardsfor new roomand smallcentral air conditionersthat
are sold and/or imported into Hainan. This results in a phase-in time for the air
conditionersto reachthe maximumtechnicalpotentialof energy efficiency.Anotherway
wouldbe to providefinancialincentivesto customerspurchasingefficientmodels. Finally,
energy-efficientair conditionerscould be part of the new buildingcodes. The potential
savingsare significant. Inthe U.S. Virgin Islands,for example,it was estimatedthat the
technicalsavings from an air-conditioningprogram is about 12.5 percent per unit. For
centralair conditionersconsumingapproximately11,500 kWh per year, the savingsper
unit are 1,437 kWh per year (Hill,Chronowski,and Shapiro, 1992).

Basedon experiencesthroughouttheworld, lightingprogramsinthe commercial
sector are even morefinanciallyattractivefor electricutilitiesthan those implementedin
the householdsector. There is every reason to believe that this will be the case in
Hainan. Again,specificsof any programin Hainandepend on whetherefficientlighting
is made part of the buildingcodes. Uke ali energy-usingdurables,it is more difficultto
developincentivesforcommercialbuildingownersto replaceexistingincandescentsthan
it is to mandate the use of fluorescentsthroughbuildingcodes. In Jamaica, a program
to replace existingincandescentbulbs with fluorescentones is estimated to save the
electricfirm34,000 MWh per year (ConservationLaw Foundation,1g_'O).

vxsW

This programwouldtargetthe largestusersof electricityin industry. Interms of
relievingelectricgeneratingcapacity requirements,this group tends to give the largest
payback because these conservationmeasures extend beyond lightingand coolingto
industrialprocesses. Includedinthe industrialprocesscategoryare electricmotorswhich
are among the highestusers of electricityin industry. In the United States, for example,
electricmotorsaccountfor nearly70 percentof industrialelectricityconsumption.

Industriesinthislargestusergrouptend to operatemultipleshifts.Therefore,they
have a high load factor (peak to average electricity use). Therefore, conservation
measures reduce systemload duringali hoursof the day. Some industrialusers also
generate large amountsof steamfor thermalprocesses.
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Anexampleof a programtargetingindustrialuserswouldprovideenergystudies
for each facilityand, where necessary,provideinstallationassistance. To promote the
greatest degree of participation,financial incentivesmay be requiredby the Electricity
Bureau. A typicalprogramoperatesinthe followingmanner. Engineersfamiliarwiththe
equipmentand operatingproceduresof each industryconductenergy studieson each
facility. At sites where waste products are available for generating steam to drive
turbines, these studies examine the cogeneration feasibility. The economics of
cogenerationfacilitiesare good, especiallyif the fuel is currentlya waste product.

The studieswill go on to identifyefficiencyimprovementsin ali systems using
electricity: motors, electrolytic cells, pumps, fans, conveyors, mixers, ventilation
equipment, and the like. Based on this assessment,a listof cost-.effectiveefficiency
measuresis developedfor each facility.

There are various mechanismsfor ensuring that cost-effectivemeasures are
implementedby each of the facilities. For example,the ElectricityBureaucould share
installationcosts so that the owners/managersof the facilitiesexperiencea short pay-
back periodfor theirup-frontinvestmentcosts. The thresholdpayback could be set as
low as 12 months. Another example of an implementationmechanismis to provide
constructionmanagementservicesfor facilitieswherethe in-housestaffisnot capable of
this activity.

The cost-effectivenessof programs of this type have been demonstrated
throughoutthe world. Forexample,basedon an analysisof 13 majorindustrialfirmsand
the electric utilityin Senegal, the World Bank (UNDP/World Bank, 1983) estimatedthat
63,000 tonnes of oil equivalentcould be saved there through conservationmeasures.
One-halfof thisamount could be saved with investmentstotaling$16 million,and with
pay-backperiodsof threeyearsor less. In Morocco,the WorldBank (UNDP/WorldBank,
1984a) estimatedthatan investmentof$38.5 millioninconservationmeasureswouldsave
industrialusers of energy $16.5 million in 1981. In a comprehensivestudy of the
industrialsectorin Thailand, it was estimatedthat 12 percent(3.7'millionBCOE/year) of
energy use could be saved through cost-effectiveconservation measures (Desai and
Nyman, 1986). Of the total savings,one-halfwould be derivedfrom industrialprocess
improvementsand the other half from housekeeping and new equipment. In the
Philippines,industrialconservationpotentialwas estimatedto be nine millionbarrelsper
year-or 18 percent of total industrialenergy use in 1980 (Desai and Nyman, 1986).
Approximately70 percent of this energy savingspotential has payback periods of less
than two years.

4,2.4. Transpoltatk_

A good example of demand-side management activities outside of the power
sectoris automobiletrafficmanagementinthe citiesof Haikouand Sanya and the Yang
Pu area. The capital city Haikouhas grownrapidlyinthe past two yearsand continues
to grow without any mass-transitplansor plansfor automobiletrafficmanagement. The
samecan be saidfor the "special"specialeconomiczone in Yang Pu andthe touristcity
of Sanya. lt is an opportune timefor planningauthoritiesin Hainanto considermethods
to manage that demand for both environmentaland financialreasonsbefore any large-
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scale transportationinfrastructureexpendituresare committed.

Transportationaccounts for a large share of petroleumproduct consumptionin
Hainan. There is a potentialfor significantenergy savingsand a range of optionsfor
capturingthose savings. The optionsinclude:

B optimizingthe use of publictransportsystems;
• improvingtrafficflow;
,, fuel-switching;
• usingthe tax systemto discouragecertain types of vehicleuse;
• improvingvehicleefficiencythroughproper maintenance;
• improvingthe road infrastructure;
- drivertraining;and
• improvingmanagementtechniquesfor both privatefirms and public

transportscheduling.

Here again, examples of cost-effectivenesstrafficmanagementoptionsabound
throughoutdevelopingregions. In Niger, for example,a privatetransportfirm reduced
its fuel consumptionper kilometerby 22 percentover the 1977-1981 periodthrough a
programof vehiclemodernizationanddrivertraininginfuelefficiency(UNDP/WorldBank,
1984b). A programof trafficmanagementin Kingston,Jamaica saved three percentof
annual fuel use (UNDP/World Bank, 1985a). Similarly,a study of trafficflow in a small
part of Bangkok showed that an automatic trafficcontrol system could result in fuel
savingsof up to 20 percent (UNDP/World Bank, 1985b). In Senegal, a study of the
transportsector showed that approximately26,000 tonnes of oil equivalent could be
savedthroughvariousmanagementand infrastructureimprovements(UNDP/WorldBank,
1983). In Costa Rica, a demonstrationstudy showed that low-cost,quick payback
measures(improvedmaintenanceproceduresanddrivertraining)could havea significant
impact on fuel use. Improved maintenanceprocedures for taxi and bus fleets led to
energy savings of 1.8 percent and 6.5 percent, respectively. The corresponding
percentage savings resulting from driver training were 15.1 percent and 4.2 percent
(Sabadell,Greene, and Erickson,1986).



5. A BEHAVIORALDSM STRATEGY:ELECTRICITYPRICING

5.1. THE CURRENTSITUATION

The philosophybehind the current tariff in Hainan is to encourage electricity
consumptionbecause of excessgeneratingcapacity. The tariffis presented in Table 6.
Hainan'sgeneratingcapacity isvery lumpywith over-sizedunitsnot allowingload to be
followedvery easily. Becauseof the lumpyexcesscapacity, far-sightedprice incentives
are not in place to encourageelectricityconservationover the longer-term. That is, the
HainanElectricityBureaufacestheclassicshort run-longrunpricingproblemconfronting
manyotherutilitiesthroughouttheworld:pricingfor excesscapacityinthe shortrun,but
distortingincentivesfor the longer term because economic developmentis promoting
electricity demand growth rates so large that the utility will be experiencingcapacity
shortagesin the longerterm. And, makingup that electricitygenerationcapacity deficit
is verycostlybecauseof the capital intensityof electricgeneratingsystems.

IIII I III II

Table 6

Current Electricity Tariffs
I-lainan,China

(In Centsper kWh)=

Sector 12-6 am 6 am-7 pm 7-Midnight

Residential 5.7 5.7 5.7
Commercial 4.3 8.5 8.5
Industry 4.3 6.6 6.6
Agriculture 4.3 4.7 4.7

SOURCE:HainanElectricityBureau.

=Basedonanexchangerateof5.3YuanperU.S.dollar.

5.2. FUTUREPOSSIBILITIES

Cost-basedelectricitypricingis a powerfultool to (i) generatefinancialresources
for the electricpower sectorand (ii) manageelectricitydemand. The "economicmiracle"
in South Korea, for example, was supported by a correspondingincrease in electric
generatingcapacityin a relativelyshort periodof time. South Korea is a good example
of a countrywith littleindigenousenergyresources(i.e.,some low-gradeanthracitecoal
and hydropower)and large commitmentsof capitalto export-orientedindustries, lt used
electricitypricingand related initiativesto provideresourcesfor its power sectorduring
itsformativestagesof developmentfrom 1961-1973 (Hill, 1992a). Generatingcapacity
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Increasednearly 12-fold in a 12-yearperiod duringthe 1961-1973 period and more than
50-foldfrom 1962 to the presenttime. The Koreanexperienceis a good exampleof the
contributionof pricing-relatedinitiativesto developmentof the power sector. Besides
settingprices at a levelsufficientto provideresourcesfor the power sector, a numberof
initiativesdesigned to reduce the cost of electricitysupply were implemented. These
pricing-relatedinitiativeswere a significantsource of resourcesfor the power sector
during the 1962-73 period. More recently,implementationof time-of-day pricing and
enactment of legislation aimed at improvingthe performance of public enterprises
significantlycontributedto the efficiencyof the power system.

Usingelectricitypricingas a DSM strategyis a behavioralcomplementused by
Western utilitiesas part of their DSM strategy, lt can be used both by itselfand as a
financialincentiveforother demand-sidemeasures(Hill,1990, 1991a).

As a means to influence the pattern of electricity demand, the most widely
adoptedpricingstrategyby Westernutilitiesis time-of-use(TOU) pricing,whichgenerally
refersto electricityrateswhichvaryoverthe courseof a year: hour-by-hour,day-by-day,
or season-by-season(Hill, 1990). Time-of-day(TOD) pricing(rateswhichvary over the
course of a day), a specificform of the general class of TOU rates, has generally been
effectivein shiftingelectricityconsumptionfrom peak to off-peakperiods. And, at least
for higher volume users (high-volumeresidentialand higher-voltagecommercialand
industrialusers),it has provento be cost-effectivein the United States. Western utilities
have also used anotherform of a TOU tariff,an interruptibleor curtailable(I/C) one, to
reducedemand on dayswhen capacityutilizationis approachingitslimit,usuallyoffering
rate incentivesto large-volume,high-voltageconsumersin returnfor shedding load for
a limitedamountof timeon short notice. Fromevery indication,these tariffshave been
successfulin reducingboth U.S. and Western Europeancapacityrequirements.

In the immediatefuture, time-of-daypricingwould not seem to be cost-effective
for the residentialsectorin Hainan. Forthatpricingstructureto be cost-effective,average
consumptionlevels should be around 1200 kWh per month, typically caused by the
penetrationof air conditionersand swimmingpools (Hill, 1991c).

There does seem to be room to implement cost-effective innovative pricing
schemes in the industrialsector, however. Even though the best available evidence
suggestsmeagerkWh shiftingfrompeak to off-peakperiodsforU.S. industrialconsumers
as a whole upon introductionof TOD rates--onthe order of one percent--twoimportant
factors mustbe considered(Hill,1991b). First,over the longerterm,afterfirmshavetime
to make adjustmentsin their industrialprocessesin responseto the tariff,responseto
TOD rates willbe more substantial. Second, evidencefrom both the U.S. and Western
Europeshowsthat industrialresponsivenessis highlyvariableby industry.

Fromthe standpointof developingregions,this latterconsiderationis important.
Since the composition of the manufacturingsector in Western economies is not
representativeof that found in Hainan, a properlydesigned TOD tariff for Hainan can
probably elicita larger response than that exhibitedin industrializedcountries. As an
illustration, cement production is a large and important industry for infrastructural
developmentin manydevelopingcountries,accountingfor as much as 30 to 40 percent
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of nationalcommercialenergyconsumption. That should be the case for Hatnan. And,
cementproductiongenerallyshowsthe largestshort-and long-runresponseto TOD rates
in Westerneconomies. Also,inmanycountriesin which poweravailabilityand reliability
concerns have forced many manufacturersto develop their own power sources, the
Westernexperienceshowsthat thesemanufacturersare someof the mostresponsiveto
TOD rates. Another form of TOU pricing which has widespread applicability in the
developingworld is an interruptlblelcurtailablerate, havingproved effective in reducing
high-voltage load on system peak days for Western utilitiesand reducing capacity
requirements(Hill, 1991b). That pricing structureshould also be investigatedfor its
applicabilityto Hainan.



6. RENEWABLERESOURCEOPTIONS

6.1. SOLARWATER HEATING

Hainan appears to have the climateto supporta cost-effectiveresidentialsolar
waterheatingprogram.These programsarecost-effectivein regionswithsimilarclimates
suchas Jamaica (ConservationLaw Foundation,1990) and the U.S. Virgin Islands(Hill,
Chronowski,and Shapiro). The most effectivetypes of programsare based on point of
sale. That is, the programtargetscustomerswho are replacingold water heatersor are
purchasingones for the first time.

A numberof differenttypesof systemsare feasible,rangingfromthe simpleto the
relativelymore complexand expensive. One is a simplegravitycirculationsystemwith
a singlecollectorand an insulatedtank in an integratedhousing. The more elaborate
systemshave multiplesolar collectorswith an indoor storagetank, pump, and control,
and back-up electric heating.

The ElectricityBureaucould use a number of differentfinancingand promotion
mechanismsfor this program. One would be to subsidize local solar water heater
manufacturersto reduce the retail price of units to be competitivewith other types of
waterheaters. Anotherwould be to finance the price differencebetween a solar water
heaterand othertypeswith no financingcostsfor buyers. Anothermethodwould be to
pay the total costof installingsolarwater heaters.

Thecost-effectivenessof a programofthistypefor theElectricityBureaudepends,
of course, not onlyon the financingmethodchosen,but alsoon the marketpenetration
of the solar heaters. Lackingdata on the potentialmarketin Hainan, it is not possibleto
estimatewith precisionthe cost-effectivenessof the program. However,the Jamaican
programhasan estimatedbenefit-costratioof2.37 (ConservationLawFoundation,1990).
Thecorrespondingratioin Hainanawaitsfurtherstudy,includingthe potentialmarketfor
the heaters. Designing a program for the optimal market penetration of solar water
heating depends on the type of housing. For example, a program for decentralized
single-familyownershipof housingwould differfrom one targeted at public housing.

6.2. WIND POWER
]

At present, there is one grid-connectedwindfarmwith55 kW maximumcapacity,
locatedinthesouthernportionof Hatnan. Wind-basedelectricitygenerationmay becost-
effectiveon otherportionsof the Island. Althoughitwas indicatedthat otherspotson the
Islandhave been metered,the team did nothave accessto that data, norwere theysure
thatthese othermeteredspotswere optimalones. We recommendthat wind energy be
looked at in greaterdetail as part of the IRP effort.

This recommendation is based on data obtained from other experiences
throughoutthe world and U.S. coststandards. The key pointsto keep in mind for grid-
connected,wind generationare that reliabilityis increasingwith experienceat the same
timethat the capitalandO&M costsare declining. Problemswithwind in other regions,
suchas land availabilityand its cost,do not seem to be a problem in Hainan.
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7. RECOMMENDATIONS

In thisstudy,we suggestedsomealternativesto constructingand operatingcoal-
fired electricgeneratingplantsto satisfyfutureelectricenergy and load requirementsin
Hainan. However,becauseof time and data limitations,the economicattractivenessof
the suggestedalternativeswere not based on a rigorouscomparisonof theircosts and
benefits. Rather,theywere based on a roughestimate,usinga coal-firedpower plantas
theavoidedgeneratingunitandthe experiencesofother regionsto estimatethe potential
savings from these DSM options. We also did not quantify the environmentaland
macro3conomicexternalbenefits associatedwith not constructingand operating coal
generating units. Finally,the effects of some other attractive DSM strategiessuch as
electricitypricingwere also not quantified. Therefore,the studywas indicative--pointing
out evaluationapproachesand suggestingoptions--ratherthan definitive.

Resultingfrom this, the primaryrecommendationis that the DSM and renewable
supply optionsidentifiedin the study be examinedin much greater detail, not only to
verifytheir cost-effectiveness,but also to identifyothereconomicallyattractiveoptions.
The recommended study would e>dendbeyond using coal as the avoided unit in
determiningthe benefitsof an option. With the expectationthat more naturalgas may
be found off Hainan'scoast, it is possiblethat the avoidedunit will be a gas-firedone.
To systematicallyassess these options, the principlesof integrated resource planning
(IRP) shouldbe applied.

A fullcycleof comparingDSM and supplyoptions(i.e.,engaginginthe integrated
resourceplanningprocess),procuringthe DSM technologies(i.e., eitherdevelopingthe
capabilityto produce them in Hainan or importingthem), and implementingthe DSM
programs would prepare Hainan for outreach activitiesin mainland China and other
SoutheastAsiancountries. In fact, we recommendthat these managementtechniques
andtechnologyapplicationsbe institutionalizedas partof Hainan'sdevelopmentstrategy.
The mechanismfor accomplishingthis couldbe a Centerfor ExportTechnologies.

Each of these recommendationswillbe discussedin turn.

7.1. INTEGRATEDRESOURCE PLANNING

Three types of activities should be pursued to develop the Hatnan Electricity
Bureau'sand "hegovernmentof Hainan'scapabilityto properlycompareDSM andsupply
resources:

,, Training,
-, Informationgathering,
,, Resourcecomparison.

7.1.1. Training

ltwouldbe beneficialto havetwo separatelevelsof training:oneat the executive
level and the other for staff members of the ElectricityBureau and other government
ministries. The executivepresentationshould last a day or so and should includean
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overviewofthe twocomponentsof the IRPprocess--least-costplanninganddemand-side
management--andhow they are used together as an analyticaltool. The benefits to
Hainanfromachievinglowercostprovisionof electricityservicesshouldbe identified,and
their prospectivemagnitudes presented so that decisionmakerscan understand the
potentialcontributionIRPcould make to achievingtheirgoals. The presentationshould
also includea discussionof the socialcostingof resources, lt should also include the
experience of developing and developed world utilitieswith IRP: motivation for IRP,
reporting requirements, the extent of usage, and the benefits obtained from its use.
Ideally,there would be severalspeakersat the session,representingboth international
experienceand the Chinesesituation.

The second level of training should proceed in two phases. Once the IRP
processis adopted, thereshould be an intensiveseriesof sessionson detailedaspects
of its implementation.Thesesessionsshouldbe attended by the practitionersand their
managers, rather than executives. This portion of the training would require
approximatelyone week, and again include both Chinese and foreign experts. The
trainingshouldbe organizedaround four topics:

• IndustrialStructureof ElectricPower

Under this topic, the industrial organization of electric utilities would be
introduced. The discussionwould includewhy electricfirmsdifferfrom other producers
in a market-basedeconomy and varioustheoriesof their regulation. A discussionof
varioustypesof ownershipof electricfirmswouldalso be included(i.e., nationallyowned
as a governmentdepartment,nationallyowned as a stock company, regionallyowned,
and investor-owned)withtheir advantagesand disadvantages.

• Least-costplanning

This sessionwould discussconceptual and pragmatic issues in analyzingthe
optimalmixof supplyresources.

• Demand-sidemanagement

This sessionwould cover three areas: (1) methodsto develop DSM programs,
includingdata requirements;(2) the processof implementingDSM programs;and (3) the
processof evaluatingDSM programs.

• Social costingof resources

The environmental(and other) externalitydebate is introducedin this session.
The discussion includes the types of approaches that can be used to incorporate
externalitiesinto decistonmaking,along with the experiencesof electric firms in other
parts of the world.
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= Integratedresource planning

Thisportionwillcovertwoareas: (1) existingmodelsto compareDSM andsupply
resources and (2) important factors to consider when comparing them, including
differencesin their financial,economic,and reliabilitycharacteristics.

= ConservationTechnologies

This portion of the training would introduce the engineeringaspects of energy-
efficiencyimprovements,includingthe typesof off-the-shelftechnologiesthat arecurrently
availableand the energy savingslikelyto resultfrom their use.

In the second phase of thisportion of the training,mini-trainingsessionsshould
be periodicallyheld on complicatedaspectsof the integratingprocessfor those involved
in suchcomplicatedareas as DSM programdevelopment,resourceintegration,and the
like.

7.1.2. InfomtabonGathedng

In Section3.1, we pointedout the type of data neededto conduct a study of the
sort proposed here and to design, implement,and evaluate DSM programs. Ideally, it
should includedata on electricityconsumptionby end use (i.e., lighting,refrigeration).
However,thatand othertypesof data neededto developDSM programsare not routinely
collected by governmentagenciesor electric utilities. One of two methodscan be used
to collectend-use data. First,customerscan be meteredto accuratelyquantifyend-use
consumption. Lackingfund¢ to accomplishthis, the second method is to conduct a
survey of electricity customers. Data are also needed on the customer base of the
programs. How many potential customers will particpate in a commercial lighting
programs? A residentialsolar water heating program? Data is also required on the
resourcebasefor therenewablesupplyoptionssuggestedforconsiderationinthisstudy.
lt may be the case that additionalwind meteringmay have to b_ undertaken.

Besidesquantities,many othertypes of informationare required. Many of them
relateto the institutionalstructureof Hainan. For example,informationon the possibility
of usingdifferentfinancingmechanismsfor DSM programsis required. The ownership
of the housingstock must also be factored in.

Thisinformation-gatheringactivityshould useChineseinstitutionsto themaximum
extent possible. A good example is the South China EnvironmentalResearch Institute
which has historicaldata on Hainan. Also, staffof the ministriesin Haikou should be
activelyinvolved,includingthe newlycreated Officeof Conservation. Chinesestudents
seekingadvanceddegrees are another importantstaffingsource.

7.1.3. ResourceIntegration

The third activity is the heart of the process:resourcecomparison. The activity
involvesprocuringand adaptinga modelto systematicallyassess the differentfinancial,
economic,and reliabilitydimensionsof DSM and supplyresources. The outcomeof the
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processwou!dbe a planor strategyforemployingresourcesinthe future. Th,Jreshould
be a short-termaction plan produced which requires the immediate attention of the
ElectricityBureauand otherpolicymakers. The secondoutputof the process is a long-
term integratedresource plan spanninga 15- to 20-year period. This plan providesa
resourceroad map for policymakers.

Changingconditionsexternalto the ElectricityBureau(e.g., changing fuel input
prices,electricitydemandgrowthrates,andthecostsof financing)suggestthat IRP isnot
a one-timestudy, but rather a continuingprocess. An appreciablechange in any one
of thesevariablescan alterthe relativecost-effectivenessof resources. Recognizingthe
dynamicsof thisprocess,another recommendationis that IRP be institutionalizedat the
ElectricityBureau. One methodisto have regularplanupdates. Forexample,a common
practicewith U.S. utilitiesis to performa full-scale,integratedresourceplan everythree
years. However,inthe interveningtwo years,the utilitiesare requiredto updatethe plan
based on changingexternal circumstances.

BecauseIRPis a continuingprocess,we also recommendthat changesbe made
in the organizationalstructureof the ElectricityBureauto accommodatethe process.
One approach used in the UnitedStates is to organize aroundthe IRP processusing a
team concept, drawingupon appropriatestafffromali departmentswithinthe utility. The
centerof the process,an integrationteam,takes inputfrom a demand-sideteam and a
supply-sideteam. The integrationteam is ultimatelyresponsiblefor developing the
integratedplan.

7.2. CENTER FOR EXPORTTECHNOLOGIES

ff implementedand followedthroughproperly,two thingsshouldresultfrom this
planningactivity:(1) developmentof a managementcapabilityinintegratedplanningand
(2) use of moreenergy-efficientdurablegoods. Werecommendthatthe Hainanplanners
use these two outcomes as a cornerstone for an export strategy related to energy
efficiency. The strategy here would be to developa coordinatingmechanism-such as
a Centerfor ExportTechnologies--thatcouldpromotetheexportsof botha management
technique (i.e., IRP) and energy-efficienttechnologiestailored for mainland China and
otherSoutheastAsiancountries. Those technologiescould be produced in Hainanand
the industrypromotedas part of the government'soveralldevelopmentstrategy.
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