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Foreword

TheUnitedNationsIndustrialDevelopmentOrganization(UNIDO)isaspecializedagencyunderthe
UnitedNationssystemtopromotegloballyinclusiveandsustainableindustrialdevelopment(ISID).
TherelevanceofISIDasanintegratedapproachtoallthreepillarsofsustainabledevelopmentisrec-
ognizedbythe2030AgendaforSustainableDevelopmentandtherelatedSustainableDevelopment
Goals (SDGs), which willframe United Nations and country efforts towards sustainable
developmentinthenextfifteenyears.UNIDO’smandateforISIDcoverstheneedtosupportthecre-
ationofsustainableenergysystemsasenergyisessentialtoeconomicandsocialdevelopmentandto
improvingqualityoflife.Internationalconcernanddebateoverenergyhavegrownincreasinglyover
thepasttwodecades,withtheissuesofpovertyalleviation,environmentalrisksandclimatechange
nowtakingcentrestage.

INSHP(InternationalNetworkonSmallHydroPower)isaninternationalcoordinatingandpromoting
organizationfortheglobaldevelopmentofsmallhydropower(SHP),whichisestablishedontheba-
sisofvoluntaryparticipationofregional,subregionalandnationalfocalpoints,relevantinstitutions,

utilitiesandcompanies,andhassocialbenefitasitsmajorobjective.INSHPaimsatthepromotionof
globalSHPdevelopmentthroughtriangletechnicalandeconomiccooperationamongdeveloping
countries,developedcountriesandinternationalorganizations,inordertosupplyruralareasinde-
velopingcountrieswithenvironmentallysound,affordableandadequateenergy,whichwillleadto
theincreaseofemploymentopportunities,improvementofecologicalenvironments,povertyallevi-
ation,improvementoflocallivingandculturalstandardsandeconomicdevelopment.

UNIDOandINSHPhavebeencooperatingontheWorldSmallHydropowerDevelopmentReportsince
year2010.Fromthereports,SHPdemandanddevelopmentworldwidewerenotmatched.Oneofthe
developmentbarriersinmostcountriesislackoftechnologies.UNIDO,incooperationwithINSHP,

throughglobalexpertcooperation,andbasedonsuccessfuldevelopmentexperiences,decidedto
developtheSHPTGstomeetdemandfromMemberStates.

TheseTGsweredraftedinaccordancewiththeeditorialrulesoftheISO/IECDirectives,Part2(see
www.iso.org/directives).

AttentionisdrawntothepossibilitythatsomeoftheelementsoftheseTGsmaybesubjecttopa-
tentrights.UNIDOandINSHPshallnotbeheldresponsibleforidentifyinganysuchpatentrights.
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Introduction

SmallHydropower(SHP)isincreasinglyrecognizedasanimportantrenewableenergysolutiontothe
challengeofelectrifyingremoteruralareas.However,whilemostcountriesinEurope,Northand
SouthAmerica,andChinahavehighdegreesofinstalledcapacity,thepotentialofSHPinmanyde-
velopingcountriesremainsuntappedandishinderedbyanumberoffactorsincludingthelackof
globallyagreedgoodpracticesorstandardsforSHPdevelopment.

TheseTechnicalGuidelinesfortheDevelopmentofSmallHydropowerPlants(TGs)willaddressthe
currentlimitationsoftheregulationsappliedtotechnicalguidelinesforSHPPlantsbyapplyingthe
expertiseandbestpracticesthatexistacrosstheglobe.Itisintendedforcountriestoutilizethesea-
greeduponGuidelinestosupporttheircurrentpolicy,technologyandecosystems.Countriesthat
havelimitedinstitutionalandtechnicalcapacities,willbeabletoenhancetheirknowledgebaseinde-
velopingSHPplants,therebyattractingmoreinvestmentinSHPprojects,encouragingfavourable
policiesandsubsequentlyassistingineconomicdevelopmentatanationallevel.TheseTGswillbe
valuableforallcountries,butespeciallyallowforthesharingofexperienceandbestpracticesbe-
tweencountriesthathavelimitedtechnicalknow-how.

TheTGscanbeusedastheprinciplesandbasisfortheplanning,design,constructionandmanage-
mentofSHPplantsupto30MW.

● TheTermsandDefinitionsintheTGsspecifytheprofessionaltechnicaltermsanddefinitions
commonlyusedforSHPPlants.

● TheDesignGuidelinesprovideguidelinesforbasicrequirements,methodologyandprocedurein
termsofsiteselection,hydrology,geology,projectlayout,configurations,energycalculations,

hydraulics,electromechanicalequipmentselection,construction,projectcostestimates,eco-
nomicappraisal,financing,socialandenvironmentalassessments—withtheultimategoalofa-
chievingthebestdesignsolutions.

● TheUnitsGuidelinesspecifythetechnicalrequirementsonSHPturbines,generators,hydrotur-
binegoverningsystems,excitationsystems,mainvalvesaswellasmonitoring,control,pro-
tectionandDCpowersupplysystems.

● TheConstructionGuidelinescanbeusedastheguidingtechnicaldocumentsfortheconstruction
ofSHPprojects.

● TheManagementGuidelinesprovidetechnicalguidanceforthemanagement,operationandmain-
tenance,technicalrenovationandprojectacceptanceofSHPprojects.

Ⅲ
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TechnicalGuidelinesfortheDevelopmentofSmallHydropower
Plants-Design
Part10:EconomicAppraisal

1 Scope

ThispartoftheDesignGuidelinessetsforththeprinciples,contents,methodsandparametersof
theeconomicappraisalofsmallhydropower(SHP)projects.

Thisdocumentisapplicabletotheeconomicappraisalatthepre-feasibilitystudyandfeasibilitystudy
stagesofSHPprojects.

2 Normativereferences

Thefollowingdocumentsarereferredtointhetextinsuchawaythatsomeoralloftheircontent
constitutesrequirementsofthisdocument.Fordatedreferences,onlytheeditioncitedapplies.For
undatedreferences,thelatesteditionofthereferenceddocument(includinganyamendments)ap-
plies.

SHP/TG001,Technicalguidelinesforthedevelopmentofsmallhydropowerplants—Termsanddef-
initions.

3 Termsanddefinitions

Forthepurposesofthisdocument,thetermsanddefinitionsgiveninSHP/TG001apply.

4 Generalprovisions

4.1 Theeconomicappraisalshallbeconsistentwiththenationallawsandregulationsaswellasthe
provisionsofthenationalsocial,economicandfinancialpolicies.

4.2 Theeconomicappraisalshallincludebotheconomiccostbenefitandfinancialevaluation.

a) Economiccostbenefitevaluation:Onthepremiseofrationalallocationofresourcesandinthe
overallinterestsofthenationaleconomy,assessandcalculatetheeconomiccontributionofthe
project,analysetheeconomicefficiency,effectivenessandsocialinfluenceoftheproject,as

1

SHP/TG002-10:2019



wellastheeconomicrationalityoftheproject.

b) Financialevaluation:Basedontheprevailingnationalfiscalandtaxationsystemsandpriceindi-
cesrelevanttotheproject,calculatethefinancialbenefitsandexpenseswithinscopeofthe
project,analysetheproject’sprofitabilityandliquidity,andevaluatethefinancialfeasibilityof
theproject.

4.3 Theconclusionsoftheeconomicappraisalfortheprojectshallmeetthefollowingconditions:

a) Ifboththeconclusionsoftheeconomiccostbenefitandfinancialevaluationarefeasible,the
economicappraisalfortheprojectisfeasible.

b) Ifboththeconclusionsoftheeconomiccostbenefitandfinancialevaluationarenotfeasibleor
onlythefinancialevaluationisfeasible,theeconomicappraisalfortheprojectisnotfeasible.

c) Iftheconclusionoftheeconomiccostbenefitevaluationisfeasiblewhiletheconclusionofthe
financialevaluationisnot,aproposalcontainingdetailsoffinancialpreferentialpoliciesmaybe
presented,suchasadjustingthetariff,providinglow-interestloansortaxincentives,soasto
meettheconditionsoffinancialfeasibility.

4.4 Theeconomicappraisalshallaccordwiththeprinciplethatthecostandbenefitcalculationsem-
ploythesameparameters.Thetimevalueofcapitalshallbemainlyevaluatedwithdynamicanalysis,

andsupplementedwithstaticanalysis.

4.5 Thecalculationperiodofeconomicappraisalfortheprojectshallincludetheconstructionperiod
andtheoperationperiod.

a) Constructionperiod:Reasonablydetermined withreferencetothereasonableconstruction
periodoftheprojectortheconstructionscheduleoftheproject,fromthebeginningofthe
constructiontothenormaloperationofthemainproject.

b) 

c) Thebenchmarkforthecalculationofthetimevalueofcapitalshallbefixedatthebeginningof
thefirstyearoftheconstructionperiod,andtheinputsandoutputsshallbecalculatedatthe
endoftheyear,exceptfortheloaninterest.

4.6 Themainparametersfortheeconomicappraisal(socialdiscountrateandbenchmarkyield)shall
betheparametersbeingusedbyrelevantdepartmentsofthestatecurrently.

2
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50 years (lower values for micro scale and higher values for small scale).
endoftheoperationperiod. For economic calculation, the operating period may be generally 20 to 
Operationperiod:Fromtheformationofthedesignproductioncapacityoftheprojecttothe 



5 Costcalculation

5.1 Thecostfortheprojectshallincludetheconstructioninvestment,cost,taxes,etc.

5.2 Theinvestmentcalculationintheeconomicappraisalfortheconstructionprojectshallmeetthe
followingrequirements:

a) Theconstructioninvestmentusedintheeconomiccostbenefitevaluationshallbeadjustedby
deductingtheinternaltransfertaxes,loaninterestsandvarioussubsidiesonthebasisofthe
projectdesignevaluationinvestment.Insomecases,subsidiesareavailableunderdifferentcon-
ditionsafterthestartoftheproject;inthatcasetheymaybetakenintoaccountfortariffcalcu-
lation.

b) Theinvestmentusedinthefinancialevaluationshallbethesumofthestaticinvestmentandthe
reservefunds,includingthebasicreservefundsandthereservefundforpricedifference.

5.3 Thetotalcostofpowergenerationshallbethetotalcostofthehydropowerstationinthenor-
maloperationyearafterreachingitsdesignedproductioncapacity,itincludes:

a) Annualoperatingexpensescanbecalculatedas1.5to2percentoftheoriginalvalueofthefixed
assetsoftheconstructionproject,oritem-by-item,accordingtotheactualsituation.Thesub-
itemsincludemaintenanceandrepaircosts,wagesandwelfareexpenses,materialcostsandin-
surancepremium,waterrate(includingwaterresourcesfees),reservoirfundsandotherex-
penses.Whentheconstructionprojectincludestheinvestmentofpowersupply,theannualop-
eratingcostofthepowersupply(thecostofthepowersupplyminusthedepreciationfee)shall
beaddedtotheoveralloperatingcost.

b) Depreciationexpensesrefertothecompensationforthewearandlossvalueoffixedassetsof
theconstructionprojectduringtheoperatingprocess.

c) Amortizationexpensesrefertotheexpensesincurredasaresultoftheamortizationofintangi-
bleassetsanddeferredassets.

d) Interestexpensesincludeinterestonfixedassetinvestmentsandinterestexpensesoncurrent
capital.

5.4 Thecalculationofannualoperatingexpensesshallcomplywiththefollowingconditions:

a) Calculationmethodforannualoperatingexpensesoftheprojectinthefinancialevaluation:

1) Theexpensesshallbedeterminedbycomparingandanalysingstatisticaldatafromsimilar
completedprojects,butthenumberofemployeesandwagesshallbedeterminedaccording

3
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tothefixedpersonnelandfixedstaffingstandard,andtheimpactofotherindividualfixed
expensesonpricechangesshallbeincluded.

2) Theexpensesshallbecalculateditem-by-item,accordingtothecompositionoftheannual
operatingexpensesoftheproject.

b) Theannualoperatingcostforthepowersupplymaybecalculatedbytheannualunitoperating
costofthepowersupplyintheyear,multipliedbythegeneratedunitsofelectricityfromthe
project.

c) Theannualoperatingexpensesintheeconomiccostbenefitevaluationarebasedonthoseinthe
financialevaluation,withadjustmentsbasedontheratioofinvestmentineconomicandenvi-
ronmentalbenefitstotheinvestmentinthefinancialevaluation.

5.5 Taxesandadditionalinsurancepremiumshallbeincludedinthefinancialevaluationaccordingto
prevailingpoliciesandconditions;theyshallnotbeincludedintheeconomiccostbenefitevaluation.

5.6 Thedepreciationexpensesoftheprojectshallbecalculatedbasedonthedepreciationrateof
thesub-itemsaccordingtotherelevantnationalregulations.

5.7 Foraprojectinvolvingmulti-purposecomprehensiveutilizationanddevelopment,thefollowing
costdistributionprinciplesshallbefollowed:

a) ForaprojectwithSHPdevelopmentasthemainpurpose,supplementedbycomprehensiveutili-
zation,andwheretherearefewadditionalcostsandbenefitsincurredfromwaterconservation
facilities,acostdistributionmaynotbenecessary,andallcostsmaybeaccountedforwithin
theSHPprojectitself.

b) Ifwater-resourcedevelopmentisthepriorityandSHPdevelopmentisthesecondary,theSHP
projectshallsharetheinvestmentincommonfacilitiesinproportiontothebenefits.

c) IfSHPdevelopmentandwater-resourcedevelopmentbothhaveconsiderableimportance,the
costshallbesharedinproportiontotherespectivebenefits.

5.8 Theinvestmentofaconstructionprojectinvolvingmulti-purpose,comprehensiveutilization
anddevelopmentmaybedividedasfollows:

a) Investmentinsharedfacilities(suchasdams,spillwayfacilities,andreservoirinundationrelo-
cation)foreachbeneficiarysectorisasharedinvestment.

b) Investmentintendedtocompensatetheadverseimpactsoftheproject(suchasenvironmental
protection,shiplocks,fishladders,andraftsluices).
4
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c) Forinvestmentinaprojectthatreplacessomesharedfacilities(suchasthewater-retaining
powerhouseofariverbedpowerstation,whichmaybeareplacementforadam),althoughit
benefitsacertainsectoronly,thepartthatisusedtoreplacesharedfacilitiesshallbe
consideredasharedinvestment,andtheremainderisadedicatedinvestment.

d) Thespecialfacilityinvestmentrequiredbyeachbeneficiaryshallbeconsideredasadedicatedin-
vestment.

5.9 Sharedinvestmentsmaybedistributedinthefollowingways:

a) Inproportiontophysicalquantityindicators(suchasstoragecapacity)usedbyeachbeneficiary
sector.

b) Inproportiontothebenefitsobtainedbyeachbeneficiarysector.

c) Inproportiontotheinvestmentintheequivalentoptimalalternativeoptionofeachbeneficiary
sector.

d) Anyotherreasonablemethod.

5.10 Theinvestmentsharebornebyeachbeneficiarysectorshallbethesumofthesharedinvest-
mentandthededicatedinvestment.Thetotalcostmaybecheckedforrationalityfromtheaspects
below.However,iftheresultisfoundunacceptable,appropriateadjustmentsmaybemadeuntilit
becomesacceptable.

a) Theinvestmentsharebornebyanybeneficiaryshallnotbegreaterthantheinvestmentinane-
quivalentoptimalalternativeproject.

b) Theinvestmentsharebornebyanybeneficiaryshallnotbelessthanitsdedicatedinvestment.

c) Theinvestmentsharebornebyanybeneficiaryshalldeliverreasonableeconomiceffects.

5.11 Thedistributionofoperatingexpensesanddepreciationexpensesmayfollowtheprinciplein
5.7andthemethodsin5.9.Thesharebornebyeachbeneficiarysectormayalsobecalculatedwitha
uniformannualoperatingrateanddepreciationrate,onthebasisoftherespectivedistributedin-
vestments.

6 Benefitscalculation

6.1 Thebenefitsoftheprojectshallincludeeconomic,socialandenvironmentalbenefits.

a) Economicbenefits,includingpowergenerationbenefit,comprehensiveutilizationbenefitand
5
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Powerstationtype Effectivepowercoefficient

Annualormulti-yearregulatedgrid-connectedpowerstation 0.95~1.00

Quarterlyregulatedgrid-connectedpowerstation 0.90~0.95

Monthly,weeklyanddailyregulatedorunregulatedgrid-connectedpowerstation 0.85~0.90

Dailyregulatedandunregulatedpowerstationoperatingindependently 0.70~0.85

6.5 Thecomprehensiveoperatingrevenueoftheprojectshallbeanalysedandcalculatedonthe
principlethattheinputandoutputusethesameparameters.
6

Table1 Effectivepowercoefficientsfordifferenttypesofpowerstations

  …………………………(2 )
Effectivepowergeneration=Designgeneratingcapacity×Effectivepowercoefficient

usingtheFormula(2),andtheeffectivepowercoefficientmaybeselectedfrom Table1.
6.4 Ifthesimplifiedcalculation methodisallowed,effectivepowergeneration maybeestimated 

costbenefitevaluationshallbetheaverageon-gridtarifforthecomprehensivetariff.
estimatedtariffthatsatisfiestheconditionsforloanrepayment.Thecalculatedtariffforeconomic 
6.3 Thecalculatedtariffforfinancialevaluationshallbebasedontheprevailingmarketpriceorthe 

inggridlossduringtheconstructionperiod.
inthemostrecentyear,withdueconsiderationtofactorssuchasimprovingmanagementandreduc- 

  Power grid lossrate:Determinedaccordingtotheactualcomprehensivegridlossrateofthegrid 

  minedwithreferencetothestatisticalanalysisofsimilarprojects;
Powerconsumptionrate:Determinedaccordingtothespecificconditionsoftheprojectordeter-

ages;
systemloadforecasting,systempowerbalance,andfactoringinequipmentoverhaulandforcedout- 
Effectivepowergeneration:Calculatedgeneratingcapacitythatcanbeusedbythesystemthrough 

where

(1-Powe grid lossrate)×Calculatedtariff ……………………(1 )
Powergenerationrevenue=Effectivepowergeneration× (1-Powerconsumptionrate)×  

6.2 ThepowergenerationbenefitoftheprojectshallbecalculatedaccordingtotheFormula(1):

quantifiedshallbedescribedqualitatively.
b) Socialand environmental benefits shall be quantified, while the benefits that cannot be

multipleoperationalbenefits,shallbequantifiedandreferredtoasrevenue.
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7 Economiccostbenefitevaluation

7.1 Theeconomiccostbenefitevaluationfortheprojectshallbebasedonindicatorssuchaseco-
nomicinternalrateofreturn(EIRR),economicnetpresentvalue(ENPV)andeconomicbenefit-to-
costratio(RBC).

7.2 Thebasicstatementfortheeconomiccostbenefitevaluationisthecost-benefitflowstatement
oftheprojectinvestment(TableA.1),inwhicheconomicinvestmentbenefitflowandcostfloware
usedtocalculateEIRR,ENPVandRBC.

7.3 Thecalculationofvariousbenefitsandexpendituresintheeconomiccostbenefitevaluation
shallbebasedonthecomputedfinancialevaluationandadjustedaccordingtothedifferencefromthe
currentprice.Fortheinvestmentpart,thetotalinvestmentshallbeadjustedfirst,andthenthein-
vestmentfordifferentyearsshallbeadjustedwiththesamefactorasthetotalinvestment.During
thedesignstage,separateadjustmentsmaybemadeaccordingtotheactualsituation.Theannual
operatingcostsmayalsobeadjustedaccordingly.

7.4 Thecalculationofpowergenerationrevenueintheeconomiccostbenefitevaluationshall
followtheprincipleof“pricingbyquality”,anddifferenttariffshallbecalculatedfordifferentperi-
odsandtimeperiods.

7.5 EIRRisthediscountrateatwhichthepresentvalueoftheeconomicnetbenefitflowiscumula-
tivelyequaltozeroduringthecalculationperiod.ItiscalculatedusingtheFormula(3).

∑
n

t=1
B-C( ) t 1+EIRR( ) -t =0 …………………………(3)

where

B    istheinflowofeconomicbenefits,inthecurrencyunit;

C istheoutflowofeconomiccost,inthecurrencyunit;

n isthecalculationperiod;

t istheserialnumberofeachyearinthecalculationperiod,andtheserialnumberofthe
base-yeartakenas1;

(B-C)t istheeconomicbenefitflowofthet-year,inthecurrencyunit.

Intheeconomiccostbenefitevaluation,whentheEIRRisgreaterthanorequaltothesocialdiscount
rate(iS),itisconsideredthattheeconomiccostbenefitevaluationisfeasible.

7

SHP/TG002-10:2019



Thesocialdiscountrate(iS)ofanSHPprojectisdeterminedaccordingtotheactuallevelofdevel-
opmentofthecountry,andisgenerallytakenas6%.

7.6 ENPVisthesumofthenetbenefitflowsofallyearsinthecalculationperiodconvertedtothe
presentvalueatthebeginningoftheconstructionperiodatthesocialdiscountrate,andcalculated
usingtheFormula(4).Thecalculatednetpresentvalueshallbegreaterthanorequaltozero.

ENPV=∑
n

t=1
B-C( ) t 1+iS( ) -t ……………………(4)

where

iS isthesocialdiscountrate.

7.7 RBCistheratioofthepresentvalueoftheprojectbenefittothepresentvalueofthecostandis
calculatedusingtheFormula(5).

RBC=
∑
n

t=1
Bt 1+iS( ) -t

∑
n

t=1
Ct 1+iS( ) -t

……………………(5)

where

RBC isthebenefit-to-costratio;

Bt isthebenefitofthet-year;

Ct isthecostofthet-year.

Theeconomicrationalityoftheprojectshallbedeterminedaccordingtothebenefit-to-costratio.
Theprojectiseconomicallyjustifiedwhenthebenefit-to-costratioisgreaterthanorequalto1.0.

8 Financialevaluation

8.1 Thefinancialevaluationoftheprojectshallbecarriedoutonthebasisofprojectfinancialbene-
fitandcostestimate,andshallcomplywiththefollowingconditions:

a) Financialevaluationshallpreparefinancialstatements,calculatefinancialindicators,analysethe
profitability,solvencyandfinancialfeasibilityoftheproject,anddeterminethefinancial
viabilityoftheprojecttoprovideabasisforprojectinvestmentdecision-making.
8
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b) Financialevaluationmaybedividedintopre-financingevaluationandpost-financingevaluation.
Thepre-financingevaluationshallbecarriedoutfirst.Ifthepre-financingevaluationconclusion
meetstherequirements,afinancingplanshallbedevelopedinitially,andthepost-financialeval-
uationshallfollow.

c) Thepre-financingevaluationshallinvolvethecalculationofdynamicindicatorssuchastheIRR
andtheNPVoftheinvestment,aswellasindicatorsforthestatic-investmentpaybackperiodin
ordertoreflectthetimerequiredtorecovertheprojectinvestment.

d) TheprofitabilityanalysisafterfinancingshallincludethefinancialIRRandfinancialNPVofthe
projectinvestment,thefinancialIRRoftheprojectcapital,theinvestmentrecoveryperiod,the
totalinvestmentrateofreturnandthenetprofitrateoftheprojectcapital.

e) Thesolvencyanalysisshallbedonebycalculatingindicatorssuchasinterestcoverageratio,

debtservicecoverageratioandasset-liabilityratio.

f) Inadditiontocalculatingandevaluatingtheindicatorsabove,technicalandeconomicindicators
suchasunitkilowattinvestment,unitenergyinvestmentandunitenergycostshallbecalculat-
ed.

8.2 Thebasicstatementsusedinthefinancialevaluationshallincludethefinancialcashflowstate-
ment,theprofitandlossstatement,thestatementofsourcesandapplicationoffunds,thestate-
mentofloanrepaymentandthebalancesheet;theseshallcomplywiththefollowingconditions:

a) Financialcashflowstatementreflectstheannualcashreceiptsandpaymentsfortheprojectdur-
ingtheconstructionandoperationperiodandisusedtocalculatedynamicandstaticappraisalin-
dicatorsforprojectprofitanalysis.Specifically,itmaybedividedintothetotalinvestmentfi-
nancialcashflowstatement(TableB.1)andthecapitalfinancialcashflowstatement(TableB.2).

b) Profitandlossstatement(TableB.3)isusedtocalculatetheannualcostandprofit,theincome
taxandtheafter-taxprofitdistributionoftheconstructionprojectduringthecalculationperiod,

aswellastheinvestmentprofitrate,theinvestmentprofit-taxrateandthecapital-profitrate.

c) Sourceandapplicationoffunds(TableB.4)isusedtocalculatetheannualsurplusorshortageof
fundsduringtheconstructionandoperationperiodaccordingtothefinancialconditionsofthe
projectinordertoselectafinancingplananddevelopaloanrepaymentplan.

d) Statementofloanrepayment(TableB.5)isaspecificloanrepaymentscheduledependingonthe
repaymentfundingsources.

e) Balancesheet(TableB.6)reflectstheincreaseordecreaseofassets,liabilitiesandowners’eq-
uityoftheconstructionprojectattheendofeachyearduringthecalculationperiod,toexamine
thestructureofassets,liabilitiesandownersequityoftheproject;itisusedtocalculateindica-
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torssuchasasset-liabilityratioandconductsolvencyanalysis.

8.3 Theprojectprofitabilityanalysisshallincludethefollowingkeyindicators:

a) FinancialInternalRateofReturn(FIRR)referstothediscountrateatwhichthepresentvalueof
netcashflowiscumulativelyequaltozeroduringthecalculationperiod,expressedusingthe
Formula(6).Inthefinancialevaluation,whentheFIRRisgreaterthanorequaltotheSHP
benchmarkfinancialrateofreturn(if),itisconsideredthatthefinancialevaluationforthecon-
structionprojectisfeasible.TheFIRRforinvestmentintheSHPprojectandtheFIRRforproject
capitalarebothbasedontheFormula(6),butthecashinflowandthecashoutflowarediffer-
ent.Thebenchmarkfinancialrateofreturn(if)oftheSHPprojectisdeterminedaccordingto
theactualdevelopmentlevelofthecountry;itisgenerallytakenas8%andshouldnotlessthan
theinterestrateforbankloans.

∑
n

t=1
CI-CO( ) t 1+FIRR( ) -t =0 ……………………(6)

where

CI    isthecashinflow,inthecurrencyunit;

CO isthecashoutflow,inthecurrencyunit;

n isthecalculationperiod;

t istheserialnumberofeachyearofthecalculationperiod;theserialnumberofthe
base-yearis1;

(CI-CO)tisthenetcashflowforthet-year,inthecurrencyunit.

b) FinancialNetPresentValue(FNPV)isthesumofnetcashflowsduringthecalculationperiodof
theprojectatthediscountrateset(whichmaybethebenchmarkfinancialrateofreturnif).It
iscalculatedusingtheFormula(7).Undernormalcircumstances,thefinancialprofitabilityeval-
uationonlyincludesacalculationoftheFNPVoftheprojectinvestment,andthecalculationof
NPVbeforeorafterincometaxasrequired.Theprojectisconsideredfinanciallyfeasibleifthe
FNPV,calculatedatthediscountrateset,isgreaterthanorequaltozero.

FNPV=∑
n

t=1
CI-CO( ) t 1+if( ) -t ……………………(7)

where

if isthediscountrateset(whichmaybethebenchmarkfinancialrateofreturn).
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SHP/TG002-10:2019



c) Projectinvestmentpaybackperiod(Pt)isaperiodoftimerequiredtorecovertheprojectin-
vestmentfromnetincome,measuredinyears.Theprojectinvestmentpaybackperiodstarts
fromthebeginningyearoftheprojectconstructionandiscalculatedusingtheFormula(8).It
mayalsobecalculatedbymeansoftheprojectinvestmentcashflowstatementinwhichthe
timepointwhentheaccumulatednetcashflowchangesfromnegativevaluetozeroisthein-
vestmentpaybackperiod.Inthiscase,itiscalculatedusingtheFormula(9).Ashortpayback
periodindicatesfastinvestmentrecoveryandstronganti-riskpotentialfortheproject.

∑
Pt

t=1
CI-CO( ) t=0 …………………………(8)

where

Pt istheinvestmentpaybackperiod,inyears.

Pt=T-1+
∑
T-1

i=1
CI-CO( ) i

CI-CO( ) T
………………(9)

where

T isthenumberofyearswhentheaccumulatednetcashflowofallyearsispositiveorzero
forthefirsttime,inyears.

d) ReturnonInvestment(ROI)indicatesthereturnortheprofitabilityofthetotalinvestment,

whichistheratiooftheannualearningsbeforeinterestandtax(EBIT)inanormalyearafterthe
projectreachesthedesigncapacityortheannualaverageEBITduringtheoperationperiodtothe
totalinvestment(TI).ItiscalculatedaccordingtotheFormula(10).

ROI=
EBIT
TI ×100% ……………………(10)

where

EBIT istheannualearningsbeforeinterestandtaxesinanormalyearorannualaverageearn-
ingsbeforeinterestandtaxesduringtheoperationperiodoftheproject,inthecurrency
unit;

TI isthetotalinvestmentoftheproject,inthecurrencyunit.

e) ReturnonEquity(ROE)indicatestheprofitleveloftheprojectcapital,whichistheratioofthe
annualnetprofitinanormalyearaftertheprojectreachesthedesigncapacityortheannualav-
eragenetprofit(NP)duringtheoperationperiodtotheeconomiccapital(EC).Theratioiscal-
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culatedaccordingtotheFormula(11).WhentheROEoftheeconomiccapitalishigherthanthe
referenceROEinthesameindustry,itindicatesthattheprofitabilityexpressedbytheROEof
theeconomiccapitalmeetstherequirements.

ROE=
NP
EC ×100% ……………………(11)

where

NP istheannualnetprofitinanormalyearorannualaveragenetprofitduringtheoperation
periodoftheproject,inthecurrencyunit;

EC istheeconomiccapitaloftheproject,inthecurrencyunit.

8.4 Theprojectsolvencyanalysisshallincludethefollowingkeyindicators:

a) InterestCoverageRatio(ICR)istheratioofEBITforeachyearintheloanrepaymentperiodto
thepayableinterest(PI)forthatyear.ItiscalculatedusingtheFormula(12).AhighICRindi-
catesahighguaranteelevelofinterestpayment.TheICRshallbegreaterthan1anddetermined
inconjunctionwiththecreditor’srequest.

ICR=
EBIT
PI

……………………(12)

where

EBIT istheearningsbeforeinterestandtaxes,inthecurrencyunit;

PI isthepayableinterestchargedtocost,inthecurrencyunit.

b) DebtServiceCoverageRatio(DSCR)istheratioofthefundsusedtorepaytheprincipalandin-
terestofallyearsintheloanrepaymentperiod(EBITDA-TAX)totheamountoftheprincipaland
interestpayable(PC)forthatyear.ItiscalculatedusingtheFormula(13).Iftheprojectin-
volvesarenovationcostduringtheoperationperiod,itshallbedeductedfromthefundavaila-
bleforrepaymentofprincipalandinterest.TheDSCRshallbegreaterthan1anddeterminedin
conjunctionwiththecreditor’srequest.

DSCR=
EBITDA-TAX

PC
…………………………(13)

where

EBITDA istheearningsbeforeinterestandtaxesplusdepreciationandamortization;
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TAX istheIncometax,inthecurrencyunit;

PC istheamountoftheprincipalandinterestpayable,includingtheprincipalamountand
allinterestincludedinthetotalcost.Theshort-termloanprincipalandinterestduring
theoperationperiodshallalsobeincludedinthecalculation.

c) LiabilityonAssetRatio(LOAR)istheratiooftotalliabilitiestototalassetsattheendofeach
period.ItiscalculatedusingtheFormula(14).

LOAR=
TL
TA ×100% …………………………(14)

where

TL isthetotalliabilitiesattheendofperiod,inthecurrencyunit;

TA isthetotalassetsattheendofperiod,inthecurrencyunit.

9 Uncertaintyanalysis

9.1 Theeconomicappraisaloftheprojectshallmakeanuncertaintyanalysis,includingsensitivity
analysisandbreak-evenanalysis.

9.2 SensitivityanalysisofSHPprojectsonlyanalysestheimpactofsinglefactor(investment,re-
turn,constructionperiod,etc.)changesonIRR.Sensitivefactorsvarybetween±(10%~20%).

9.3 Break-evenanalysisshallanalysethebalancebetweenprojectcostandincomebycalculatingthe
break-evenpointinaproductionyear,andjudgetheadaptabilityandrisk-resistanceabilityofproject
toincomechanges.Thebreak-evenanalysisisusedforfinancialanalysisonly.Thebreak-evenpoint
(BEP)shallbecalculatedbyusingtheFormulas(15)to(17)orthebreak-evenchart.

BEPProductioncapacityrate =
Annualfixedcost

(Annualoperatingincome-Annualvariablecost-Annualsalestaxandsurcharge)
×100%

……(15)

BEPProduction =
Annualtotalfixedcost

(Unitproductprice-Unitproductvariablecost-Unitproductsalestaxandsurcharge)
×100%

……(16)

BEPProductsellingprice=
Annualtotalfixedcost

Designproductioncapacity
+Unitproductvariablecost+Unitproductsalestaxandsurcharge

æ

è
ç ×100%

……(17)
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10 Methodsofschemecomparison

10.1 Variousschemesshallbescreenedout,andtheselectedonesshallbeeconomicallyevaluated
fordecision-making.Thecomparisonofschemesmaybedonethrougheconomiccostbenefitevalua-
tion.

10.2 Theschemecomparisonshallguaranteethecomparabilityofalltheschemes.Inthecompari-
son,thetotalinputsandoutputsofeachschememaybecomprehensivelycompared;orrelative
differencesmaybecalculated,basedonthedifferentfactorsthatinfluencethechoiceofthescheme
forlocalcomparison.

10.3 TheschemecomparisonshouldemploytheNPVcomparisonmethodortheIRRondifferential
investmentcomparisonmethod,andshallmeetthefollowingrequirements:

a) NPVcomparisonmethodistocomparetheNPVofthealternativeoptions,andselectthecandi-
dateprojectwiththelargestNPV.ThesamediscountrateshallbeusedinNPVcomparison.

b) DifferentialinvestmentIRRcomparisonmethodistocalculatethedifferentialinvestmentIRRof
thealternativeoptions,thatis,thediscountrateatwhichthesumofthepresentvalueofthe
netcashflowdifferencesbetweenanytwoproposalsisequaltozero.Itiscalculatedusingthe
Formula(18).IfthedifferentialinvestmentIRR(ΔIRR)isgreaterthanorequaltothesocialdis-
countrate(iS),theproposalwithalargerinvestmentshallbeselected;otherwise,theone
withasmallerinvestmentshallbeselected.

∑
n

t=1
B-C( ) 2- B-C( ) 1[ ] t 1+ΔIRR( ) -t =0 ………………(18)

where

(B-C)1 istheannualnetbenefitflowoftheproposalwithasmallerinvestment,inthecur-
rencyunit;

(B-C)2 istheannualnetbenefitflowoftheproposalwithalargerinvestment,inthecurren-
cyunit;

ΔIRR isthedifferentialinvestmentinternalrateofreturn.

10.4 Thecomparisonofproposalsshallnotonlyinvolvecalculationofeconomicappraisalindica-
tors,butalsoinvolvequantitativeandqualitativeanalysisofsocialandenvironmentalbenefits.
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AppendixA
(Normative)

Economiccost-benefitevaluationform

TableA.1 Economiccost-benefitflowstatementforprojectinvestment Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Benefitflow

1.1 Directbenefit

1.2
Residualvalueofrecycledfixed
assets

1.3 Recycledcurrentcapital

1.4 Indirectbenefitofproject

2 Costflow

2.1 Fixedassetinvestment

2.2 Currentcapital

2.3 Annualoperatingcost

2.4 Renovationcost

2.5 Indirectexpensesofproject

3 Netbenefitflow

4 Cumulativenetbenefitflow

NOTE1 Evaluationindicators:EconomicinternalrateofreturnEIRR(%)

EconomicnetpresentvalueENPV(is=  %)

Economicbenefit-to-costratioRBC(is=  %)

NOTE2 “*”indicatesthecurrencyunit
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AppendixB
(Normative)

Financialevaluationform

TableB.1 Totalinvestmentfinancialcashflowstatement Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Cashinflow

1.1 Operatingincome

1.2
Residualvalueofrecycledfixed
assets

1.3 Recycledworkingcapital

1.4 Subsidyincome

2 Cashoutflow

2.1 Fixedassetinvestment

2.2 Currentcapital

2.3 Annualoperatingcost

2.4 Salestaxandsurcharge

2.5 Renovationinvestment

3 Netcashflowbeforeincometax

4
Netcashflowbeforeaccrued
incometax

5 Adjustedincometax

6 Netcashflowafterincometax

7
Netcashflowafteraccrued
incometax

NOTE1 Calculatedindicators:Beforeincometax,Afterincometax
TotalfinancialinternalrateofreturnFIRR(%)

TotalfinancialnetpresentvalueFNPV(if=%)

Totalinvestmentpaybackperiod(years)

NOTE2 “*”indicatesthecurrencyunit
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TableB.2 Capitalfinancialcashflowstatement Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Cashinflow

1.1 Operatingincome

1.2 Residualvalueofrecycledfixedassets

1.3 Recycledcurrentcapital

1.4 Subsidyincome

2 Cashoutflow

2.1 Projectcapital

2.2 Loanprincipalrepayment

2.3 Loaninterestpayment

2.4 Annualoperatingcost

2.5 Salestaxandsurcharge

2.6 Incometax

2.7 Renovationinvestment

3 Netcashflow

NOTE1 Calculatedindicator:capitalfinancialinternalrateofreturn(%)

NOTE2 “*”indicatesthecurrencyunit

TableB.3 Profitandlossstatement(cost-profitstatement) Unit:*

No. Item
Operationperiod

n-1 n
Total

1 Salesrevenue

1.1 Including:powergenerationrevenue

2 Salestaxandsurcharge

3 Totalcost

3.1 Including:operatingcost

4 Totalprofit

5 Incometax

6 Netprofit

7 Surplusaccumulationfund

8 Profitavailablefordistribution

9 Profitdistribution

10 Undistributedprofit

NOTE “*”indicatesthecurrencyunit
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TableB.4 Sourceandapplicationoffunds Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Fundsource

1.1 Salesprofit

1.2 Depreciationexpense

1.3 Amortizationexpense

1.4 Fundforfixed-assetinvestment

1.4.1 Self-funding

1.4.2 Superiorgrant

1.4.3 Bankloan

1.5
Residualvalueofrecycledfixed
assets

2 Fundapplication

2.1 Investmentinfixedassets

2.2
Loan interest during construction

period 

2.3 Incometax

2.4 Payableprofit

2.5
Withdrawal of public accumulation
fund 

2.6 Loanprincipalrepayment

3 Surplusfund

4 Accumulatedsurplusfund

NOTE “*”indicatesthecurrencyunit

TableB.5 Statementofloanrepayment Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Loanrepayment

1.1
Outstanding balance ofborrowing at
thebeginningoftheyear

1.1.1 Principal

1.1.2 Interest

1.2 Borrowingintheyear

1.3 Accruedinterestintheyear

1.4
Principal and interest repayment in
theyear
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TableB.5.7(continued) Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1.4.1 Including:principalrepayment

1.4.2 Interestpayment

2 Sourceofrepaymentfund

2.1 Undistributedprofit

2.2 Depreciationexpense

2.3 Amortizationexpense

2.4 Interestexpensechargedtocost

2.5 Otherfunds

NOTE “*”indicatesthecurrencyunit

TableB.6 Balancesheet Unit:*

No. Item
Constructionperiod Operationperiod

1 2 n-1 n
Total

1 Assets

1.1 Totalcurrentassets

1.1.1 Currentassets

1.1.2 Accumulatedsurplusfund

1.2 Constructioninprogress

1.3 Netvalueoffixedassets

2 Liabilitiesandowners’equity

2.1 Totalcurrentliabilities

2.2 Constructioninvestmentloan

2.3 Currentfundloan

2.4 Subtotalofliabilities

2.5 Owners,equity

2.5.1 Capitalfund

2.5.2 Capitalreserve

2.5.3
Accumulated surplus accumulation
fund 

2.5.4 Accumulatedundistributedprofit

Liabilityonassetratio(%)

NOTE “*”indicatesthecurrencyunit
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