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• 

Financing institutions, botn national and international, norm.117 

requirn contiru.tion that a project proposed tor funding ia econamicall.7 

feaeible. To •eet vith thiB requirment, it is necessary to carr:r 

out an econmic appraisal which is to show that the return tram the 

inTestaent in the proJect complies vith certain predeter11ined. 

conditions of protitabilit;r. 

In cUT7ina out an econcaic f.ppraisal, tvo pre-conditiona b&Te 

to be unmed: 

1. That there ii & power -.rket aTailable to absorb the output tram 

the acheme. 'l'hi• power market •uat lie within a rAdius Which cau be 

reached b7 trazumi•don and distribution circuit• manating trca the 

scheme. It such circuit• exlat, any increaental coats ot inter

connecting them with the sche111e or reinforcing thea J1U•t be included 

in tbe inTHtaent requirement• tor the scheme. It the circuit• 4o not 

exist, their coat tons part ot the coat ot the sc:hme. It ia also 

important to ensure that the output with which the 11ehe.me ia credited. 

b no greater tb&D thei demand -.de on tha scheme by the existi~ or 

projected. pover aartet (plus appropriate losses). Output reatrictioni 

illpoaed. b;r the J)Ot'er market must be taken into account in COlllputi'!lg the 

output with which the scheme can be credited. 

2. Tl;iat there b an alternatiTe source Df suppl;r which could aatbty 

the power Jl&l'ket determined. as under 1 aboTe. The uaumption is then 

a.de that, ir the ache11e is not built, the &l.ternatiTe source ot ~uppl7 

would be deTeloped instead. The eoats of deTeloping this alternatiTe 

source are ~hen the inTeataent requireJMl!nts vith vhich those ot the 

scheme in question h&Ye to be ccapared. The economic teaaibilit:r 
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ot the scheme b nol'11lally determined in comparison vith this &lternatiYe 

aolution; profitability ie expressed in terms ot the extra reTenue ~he 

acheaa i1 able to earn oTer the re•enue that llight be &ehiend vith the 

alternatin 1olution. The usual method ot econoaic appraisal is thu• neTer 

one ot Juatit'71D8 the scheme •• an ilolated deYelopaent, although thil 

would be poHible b7 shoving that the protitabUity ot the scheme i8 

attractiTe in relation to the opy.rtunity cost& ot canital in tbe particular 

ecoDC!m1'· The reason i1 that, in order to jultity the in•e1t11ent at all, 

a tied power urket ault exist vbich, b7 definition, must be supplied 

trm one aource or other. 
S.Yeral metbod11 ot econcaic apprailal are used vbich are all technicall.y 

tbe ..... i.e. all iJlTOlTe ccaparison ot tvo &lternatbe 1olution1, 

u4 tbef ditter onl7 in detail. The aoa~ usual method• inYolYe: 

(a) Benefit/colt an•ll!IJ...!. In this method, the benefit• trm 
a ICheme are norml.17 u:pre11Gl in term• ot the e:ictra reTenue 

which the 1ch•• can earn to the co1t1 vhich the acheme entail•, 

bOth with reference to the alternatiTe solution. The term 

"~xtra reTenue" ll!pliea that the co1t1 ot the energy the scheme 

producee vill be lover tbla.D the colt• ot energy trm the 

alte:niatiTe 10 that, at a tixed al~ price, the scheme vill earn 

an extra rnenue. 
It i1 otten undesirable to rely on re•enue as1e11111ent1 because 

the relationship betveen tai-ttts, Which determine the re•enue, &Ld 

productions costs is a Yery tenuous one. It is more usual to 

ccmpute the production costs {which 11wat include capital charges, 

vii~•!.!a.r; and maintenance exPenses . and tuel costs) tor both 

1olution1 &I vell as inYestment requirements for the two solutions 
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and then express the benefit/cost ratio in terms of difference 

i.D production coat and the ditterence in capital inTestment 

~equiremente. C&lcul&tioas a.re normally done at current price 

le,,ela but 1ens!tiTit7 studie1 are sometime• introduced to 

illW1trate the ertect or price T&riations on the re!lult; this is 

particul&rlJ' important it the benefit/cost ratio lies cloae to 

or belav the opportunity coat ot capital. Judgement or accept~ble 

profitability relie1 essentially on the relationship ot the 

benefit/cost ratio to the opportunit,- cost or capital. 
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(l.) ccapariaon or present vorth or cash nov. In this method. 

the present vorth or the total cash f'lov tor the scheae is computed 

at a tixed diacount rate. '11le cash flow includes both the 

capital inTeetment, phased. o•er the period ot incidence, and 

the annual u;pensea oTer the lifetime ot the plant. Vhere 

elements ot ditterent aeset liTes are inTOlTes, tor exaaple the 

cbil vorks, electro-4och&nical equipment and tranmrlHion syst• 

aHociated vi th a hydro scheme, the reinTestment required tor 

replacing 'the shorter lived aHets are entered into th~ cash 

tlov as an additional capital expenditure at the time they occur. 

Thia means, tor example, in a bydro scheme vbere the cbil vorka 

11&1' have an aBl!let lite ot 60 years, the electro-aechanieal 

plant an &Het lite ot 30 years aud the tran1111iHion 111st• 

an &Het lite ot 20 J'e&rl!I, there vill be an investment ph&H atter 

20 and Ito ,1 7ear1 tor tran1111iS1ion and atter 30 rears tor 

electro-mechanical p~t. The reinTelltment ia phased 

according to the probable incidence ot expenditure oTer 2 ar 

3 rears. It any restitution ot land or in demolition 

expenses are likely to be incurred at the end or the lite ot 

the longest lived a11et, these expenses are likewise entered 

into the cash now. 

The discount rates used tor the present-worthing process 

are uauallT· pitched slightly abov.e the opportunity cost ot 

capital to allov ror finance expenses and "ineentiTe re.tea" 

t11&t •1 h&Ye to be met. All co~s id the cash tlov scheciule 

are normally computed at current price levels and are diacounted 

to the start or the const~ction phase. 
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The same procedure is adopted for alternative solutions 

and the present worths are then compared to det&11ine the 

least-cost solution. '!be advantage or this solution, over 

the alternative, is often expressed in ter11s or "extra return" 

or profitability. 

(c) Internal Rate or Return. A varient or the computation or 

the present vorth explained under (b) is to compute present 

vo'r'th or the 2 alternative solutions at Tarious discount rates 

and then to determine graphically at vbat discount rate the 

2 present worths are equal. This discount rate is then the 

internal rate or return on the project which ma the higher 

initial inTestment cost. The internal rate or return provides 

a Tery convenient decision point tor assessing the economic 

worth or a project. Ir it lies belov the opportunity cost or 

capital. the project vill probably have little iurit. It'. 

on the other band. it lies above and wll aboTe the opportunity 

cost or capit&l, the project vill have considerable aerit. 

The difference between the internal rate or return and the 

opportunity cost or capital is eoaetimes quoted as "extra 

return" or "additional protitabilit711
• In 11&rginal cases 

vbere the i.ntenuu rate or return is close to the opportunity 

cost, eensitiYity studies should be carried out to determine 

under vh&t conditions the rate or return aight be iJaproved. 

(d) Coapariaon of production costs. The pt'oduction costs or 

a hydro scheme and the alternative thermal solution can be 

ccmputed and compa.red and the atil'i t ot one solution 

or other can be deriTed from the difference or these costs. 

l 
I 
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'lbi1 merit ia generally expressed aa a benefit or eTen a 

benefit/coat ratio. The production costs are as.de up or 

capital. charges (interest and depreciation tor the Whole achesae), 

operating and aaintenance coats, fuel costs, cona\ll&ble 

store• and adJlinistration expenses. All theM elem.eat• llU&t 

be t&ken into account in the computation. 

Th output tor which these production cost• are ccaputed 

awst be realilticall:r related to the power u.rtet d-nd; it 

would be wrong to ascribe to a scheme s 81llthetic plant factor 

tor an energy quantity Vbich the acheme vill not ban to 

1upp17 in & given 7ear. Katurall.y, t;be output figures ma;r 

wll TV'1' tram :rear to Jl!U'. What h then 1ometiae1 done h 

to establish both p.roduction coats and outv.it n.lue1 'lTer th• 

lifetime ot the pl~ and compute the ratio of' the present 

worth nf both these d•ta stre&llS. The result i-ill preaetnt the 

"nol'111&1.ized '' production cost a appropriate to ~hat rarticul~· 

11olution. 

It ia not generally necessary to u1e •ore t~ one 

aethod tor the economic appraisal of a aall-scale project. It the 

p&rat!tera are corre.ctly chosen, all ·;~he three method• outlined above 

should giTe the aue kind Gt anaver alt!lough the reaulto vill be 

numericallT different. It should not be cTerlooked that the prillary 

J>Ul'POH of the ecocomic appraise.!. ia to undervritr a decision to 

implement a given echeme. Use or alternative method.a can sc.etimea 

be· confusing and may give rise ta difficulties La interpretation. 

-1 
i 
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It is important that all p&r9lllet!!1·s used fo an eco110l'!ic 

appraisal ar~ H realistic as is possible at the time the 

computations are carried out. If one ot the solutions is aore 

liable to price T&riationa tbll.D the other, s~aitiTity studies 

should be undertaken to test the effect or such price varb.tio111. 

It is &lso iaportut that internally compatible data are u1ed 

Yhera ccaparing tvo &lternatiTe •olutions. Shadow pricing •hOuld 

be introdueed onlJ" it it has a ll&jor effect on one of the &lternatiTe1; 

it is ICJmP,tiar• used in caan where one of the solutions ba::s to 

re1.y on Llported fuels. Tuation is sener&lly raot taken into account. 

h7 output restriction• acting on one ot the 1olution1 a•ut 

be considered in the eoaputation ot Tariable annual cost1, in 

particular of tuel coats. It h often aHmed tb&t, in the caae 

of a ~dro acha1e,an.nual outgoings are practical.17 fixed and 

independent ot the plant factor of the particular scheme. Output 

restrictioos r~ a acheme or a gi"ten 1he are therefore lett out 

ot account. Por an &lternatiTe fuel-b&1ed 1olution, output. 

reetrictfo119 rlll directlT af fe-::t the fuel ~onsumption in a 

particular Tear ani rill tbel !fore intlnence the cash tlov 

dtuation. 

~ere a IJ7d,ro 1eheme sutter1 periodic output 1'."'estrictions on 

account of }Q'drologice.l condition• and vbere it can therefore not 

aeet the market requirnrents tor "'!ome period ot tiae in the 1ear, 

compenaatin.J thermal plant uy h&Ye to be prodded to o•erc011e 

the output deticfencT. The coat ot this plut 2 bOth capital and 

running, t?l"ll• an integral pert ot the scheme and must be taken into 

•.ccount in the cash tlov. 

The economic appraisal vill give reliable results only it 

all the eleaent• attecti~ costs and benefits ot the alternathe 

1olutiona are t'ull.y taken into account • 

A typical e:mapb vhieh val! u.eed to cn.lmte the merit of a 

small-scale hydro project i1 attached . 
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1'.aa Mae Suk Project 
(Thailand) 

Rote on methodology adopted for 
econoaic appraisal 

For determini.-ig the economic feasibility of the pro90sed small 
bydropower projects, ve have cRrried out an eeono:nic compari:::on 1~i th 
an alternative diesel paver plant. For purposes or the exercise ve 
have assumed the folloving: 

i. The net benefit ot the h:fdropover project is the difference 
betveen the net present value& of the tvo schemes. 

2. Thct dilco\Dlt factor ia 12%. 

3. Th~ internal. rate ot return h determined by a gra~hical 
dlscounting aethod. 'foe in",erne.l rate or return in the point 
'Where the net present value of tvo schemes under different discoun't 
rates 1:1eet. 

4. The interest cbaree• during construction, the finencing charges 
and ~rice eec&l&tion a.re not taken into ~oosideration. 

5. The cost ot the diesel pover plant is ta.ken to be $700 per kV. 

-----1 
l 
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Estimate or Costs 

Prepar"tory 'Works 

Civil Works 

Hydraulic Equi~nt 

Electro cechanical 
Equipnent 

Transmission 

iJAH MAE SUK PROJI:CT 

HydropoveT Scheme 640 kW 
(in 1 000 ust) 

173 

1,138 

150 

430 

104 

1,995 

Investment cash Flov ('000 US$) 

Year 

1 

2 

3 

4 

29 

30 

31 

32 

Civil Works 

131 

!i24 

590 

66 

~ 

203 

319 

58 

203 

319 

50 

Transm.i6 si on 

36 

58 

10 

36 

58 

10 

0 + M 

lO 

30 

30 

30 

30 

30 

Total 
Cash flov 

131 

763 

967' 
164 

269 

i.01 

93 

30 

30 

I 
I 
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!?otes: 

L All e.cpenditures are incurred at the end of t~e year. 

2. Excludes interest and other fin311~in~ charges durinP, construction. 

3. Asset life of civil vorks is 50 years. 
Asset life of plant is 25 years. 
Asset life of transmission system ia 25 yea.rs. 

4. Paver plant is to be commissioned by the end of third year. 



- 11 -

Alternative Diesel ?~~er Scheme 640 kW 

Investment Cash Flov (in 1 000 us$) 

Total 
Year Gener et ion Distribution 0 + t-'. Fuel Ca.sh :::'lo\I 

l 

2 

3 

4 

5 
6 

1 

29 

30 

31 

32 

Hota: 

90 

17:;, 

22 

157 

90 

!79 
22 

157 

52 

52 

52 
52 

14 

14 
20 

20 

14 

14 

20 

20 

20 

90 

179 

269 

358 

90 

179 

269 

358 

358 

90 

231 

74 

171 

193 

289 

378 

246 
424 

311 

535 

378 

1. Installed capacity or 640 kW vith an investment ccat or ust700 per kY. 

2. Tranlllllission costs for 22 kV line approximately 10 klll lon~. 

3. Excludes interest and financin~ charges durinP, construction. 

4. O + M cos\.s until the year six is 2.5~ or the first installation, 
1% of the total inveetcent and 2~ or the trllllsmission syBtec. 
After the sixth year, the co3ts cor.giat or 2.5% of tte total installation, 
1~ of the investment for p;eneration and 2~ fur distribution. 

5. kWh generated at !Lil avP.rap;e annual lond f~ctor of about 45~ ia to 
be utilized 25% id the fourth year, 50~ 'in tr.1? firth year, 25% 
in the sixth year and 100% in the s~venth yes.r. 

6. The fuel price is a:Jeumed to he US$ 0.11 per kWh. 

.-1 
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Com~utatioo of Benefit 

Year Hydr~ Diesel PV factor PV hydro PV ther.ial ---
l 131 90 .8929 nG.97 oo. 36 

2 763 231 .7972 608.26 184.15 

3 967 74 • 71113 6SIJ.31 52.67 

4 164 261 .6355 lo4.22 165.87 

5 30 193 .5G74 17.02 ~09.51 

6 30 289 .5066 15.20 146.41 

7 30 378 .4524 13.57 i.71.01 

l _30 378 3.3543 97.455 1267. 93 

29 269 246 o. 0371~ 10.06 9.20 

30 407 424 0.0334 13.59 14.16 

31 98 311 0.0293 2.92 9.27 

32 30 535 O.C26G 0.80 14.23 

l ~o 31~ 0.1620 4.86 61.24 

54 30 37£3 0.0022 0.01 o.83 

1691.22 2213(; .134 

Dene fit for Hydro .. US$ 588.62 

Benefit Cost Ratio .. 1 + ~v __ (_:!J1!'_rnH~lj--=- _ry_ _(__!2'dro) 

rv ( l!yJ.ro) 

1.3'..i 
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NET ?RESEIT VALtJE AT DIFFErlE:rr DISCOU:r.:' RATJ:.:S 

HYDRO TifERHAL 

8% 2002.73 3465.18 

12% 1698.22 2286.84 

16~ 1501.89 1615.27 

18% 1422.06 1390.50 

20% 1353.21 1212.90 

~4% 1240.14 950,90 
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