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INTRODUCTION 

Cost-berefit analysis, 
as a tool for project design and appraisal,
 
brings togethli economic principles, empjrical data, and quantitative 
techniques tc produce organized, clear, and easily-understood esti
mates of a project's value. Ihe videotape portion of this module, and
 
the readings, covered the economic 
(and other) principles behind cost
benefit analynis. The data are specific Eo each project: finding
 
information--Lh,
thardest part--is up to you (or the analysts working
 
with you). 
 This workbook deals with the third part--the quantitative
 
proceduic;, tle mechanics of cost-enefit analysis. They are fairly
 
simple, and tiiis workbook will pose few serious challenges, even if you 
are not accustemed to doing calculations (although it will probably go 
faster if you are.) 

TIle workbook is an integral part of the module. Understanding
 
the mechanics he]ps to pit: cost-bomefit analysis into perspective, and
 
will improve your ability to Ynow when to have an analysis done, and
 
judge just what you have when it's finished.
 

Contonts This wnrkbook has two main parts. Together, they form
 
a sequence that f.irst 1ntroduces you to the mechanics, and then lets
 
you develop a li tt.le expertise in applying them. 
 When you have finish
ed you will know how Lo construct a cash flow projection, how to dis
count future costs and benefits , and how to compute a project's net pres
ent worth, Lenefit-cost ratio, and internal rate of return. 
And you will
 
have a solid underst anding of what these thinqs mean. 

The first part 
introduces the procedures needed to do a cost-ben
efit analysis. Each procedure is covered iin a short section that gives
 
the purpose, the data requ.irements, and the results. The necessary 
formulas and at)hreviatio:ns arc explained and i]lustrated. Special 
worksheots thia't speed and simplify the procedures are introduced here, 
and step--by-step instructions show to thre worksheets andhow use form
ulas to do the mechanics. Then, once each procedure is explained, you
 
get a dry run throuqh it us i.g a simple fictional example--a tractor 
projec: in the country of "Temasak."* 

*T~ho procedures and the Temasak tractor case are based on materials in 
PASITAM 's "tooLbook" by 'eter Dolp and hi.s associates, Sy]stems Tools 
for Project Planning (PASITAM, 1977) 



The second part is a case study that lets you use what you've 

learned and do a cost-benefit analysis of an irrigati)n project. Tech

nical, financial, and economic descriptions give you all the data you'll 

need (and here, not in the mechanics, is where this workbook exercise 

is epsier than project analysis in the real world.) This material is 

drawn from an actual project, and you deal with the same issues as did 

the team of specialists involved in it. 

Finally, an appendi: gives the discount factors and annuity 

factors you will need to complete the case study analysis, and
 

answers for checking your work. 

To do the exercises in this workbook, you will need: 

-- a four-function calculator 
-- pens and pencils 
-- extra paper for calculations 

You can work alone, oi in small grou] You should do the work 

in two sessions; they will probably take ore to two hours for the pro

cedures, and two to four hours for the case exercise. Do not hesitate 

to go hack to the first section to firm up your grasp of a procedure 

if you get sia ck in the case exercise. The results of each stage of the 

exercise arp provided; you should check the answers as you go along, so 

a minor mistake in arithmetic or transferring data won't cause problems 

as you go through the case study. 

A Cautionary Note 

This work}ook shows how the basic technical aspects of cost

benefit analysis work. It does not present a special methodology. Nor 

does it deal with the non-technical dimensions of cost-benefit analysis-

and these aspects, as the other materials have emphasized, are the most 

challenging. The purpose here is to make the mechanics completely clear 

to you, so tJAM you can concentrate nn the more important dimensions of 

economic choices. 

The videotape program and the reader have shown how important-

and how i nescapa le---judgments and predictions are for any cost-benefit 

analysis. 'Tisfundamental fait should be kept in mind--it puts the me

chanics in perqpecti.ve. 

Go to in! 
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PART 1
 

PROCEDURES
 

This part of the workbook introduces and illustrates the five main
 

procedures involved in cost-benefit analysis:
 

-- estimating the "cash flow" of a project
 
--discounting future costs and benefits
 

-- calculating the net present worth of a project
 

-- calculating tlhe project's benefit-cost ratio
 
-- estimating the project's internal rate of return
 

Each procedure is presented in a section that follows this struc

ture:
 

1. The procedure is introduced and its purpose is explained. 

2. Important definitions, special terms, and abbreviations asso

ciated with the procedure are listed and explained.
 

3. The assumptions involved in using the procedure are briefly
 

covered.
 
4. The data requirements are listed, and the results of doing the 

procedure are described. 
5. A step-by-step set of instructions shows how to do the procedure. 

6. An example illustrates how the procedure works, and introduces
 

the appropriate worksheet that makes it simpler to do.
 



1. ESTIMATING A PROJECT'S CASH FLOW 

PURPOSE
 

Cash flow (CF) projections: 

Provide an overall, organized picture of the costs and benefits a 
project is expected to cause over its estimated lifetime. 

Iligh] ight neglative cash flow years that might affect the project's 

financial viabii Ity. 
}lrovihd I( . iei. forr calculating the net present worth, benefit

cost rat io, u e internal rate of return. 

TERMS AND Dt[fNI'i ION ; 

rncren( Ltal ,costsN and benefits are the changes caused by the project-

the dffereirc, betw en thre situation anticipated withnut the project and 

what is expected with t.he project. incremental values are computed by 

subtracting tih without project costs and benefits from the with project 

costs arid benef its. 

The innual cash is2 net i cremental benefit for year;flow the each 

of the project--thle difference hetween incremental benefits and incremental 

cos ts. 

Do not he mislead by the term "cash" flow. Only in financial cost

benefit araiysi.s are costs and benefits limited to cash figures. As the 

. ideoLape ir ru-mr an! r,.ador have shown, economic analysis often includes 

i.nuts and utpuLt: who (: worth Ls measured i:diroe ctly or through shadow 

prices tihaL correct cai, vaLues . 'i']e label "cash flow" is an accounting 

term he]d over in ,wcnomir co;t-bendfi _ analysis. 

REQU IRI,'N'TS 

Co.nsLrucLing the cash [low requires estimates of the costs and benefits 

expect:ed to ccur ea:1. year in two different scenarios: without the project 

anJ with 'I project. (Note tiat "wi. ti1 " and "without" are not necessarily 
the same a "be Fore" and "after.") 

A cnipieted cash flow table gives an organized pattern of costs and 

benefits that can he used directly for evaluating choices. For example, if 

a cash F low in some year is negative, Lhe project may have to he redesigned, 

or creit may have to be arranqe;d. But more importantly, the cash flow 

projection ,; tLahlis:1}es a b as is for discounted measures of economic sound

ness--thPtie nlfjL-cost ratio, net present worth, and internal rate of return. 

ASS ;JAIIIT [ON.' ; 

Con ;t rui:l_in q a truly comrn lrC cash fl(ow projecCtioni requires' that all 

the pro rc,' :; cnst.; arMd bj it Cs be identi fied, qianti fied, and expressed 

in comljarable mui'etinr units. if ,any are omiL. ted, the cash low in in

coincilusiVe. Evcv cash flow projection is incompLetCe in some ways. The goal 
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is to make it as complete as is practical and necessiry for the specific
analysis--and then to be aware of its limitations. 

DOING THE PROCEDURE
 

1. Identify, define, list*
 

1.1 Specify the situation the project is to change. Specify the
 
project's aims--the change desired. Identify the changes that
 
are to be taken as costs and those to be taken 
as benefits.
 

1.2 List the costs to be affected by the project. These may include
 
changes in the 
amounts or prices of goods, raw materials, labor,
 
and management. The "without project" costs must be estimated
 
as carefully as the "with project" costs if the change in costs
 
is to be accurately measured.
 

1.3 List the categories of benefits that wilA,be affected by the
 
...
project. These can include increased-production.efficiency,
 
hiaher yields, higher quality or prices, time saved, and so on.
 
Again, the key is to contrast "with project" and "without project"
 
estimates.
 

1.4 If the cost-benefit analysis is to be economic (rather than just
 
financial) it may be necessary to use shadow prices, or to find
 
ways to indirectly value some costs and benefits. The method of
 
shadow pricing or indirect valuation should be chosen at this
 
point.
 

1.5 If the overall cost-benefit analysis involves weighting some
 
costs cr benefits to reflect special social concerns, the weights
 
can be established here.
 

2. Bound the project analysis in time
 

2.1 	Estimate the effective life of any major capital equipment.
 

2.2 Estimate the first year and the last year in which the project
 
will yield benefits.
 

2.3 	Based on these estimates, choose a "project life." (The time
 
boundaries on 
the analysis are often shorter than engineering
 
estimates. If discounting is to be used, costs and benefits
 
occurring far in the future--more than 50 years, say--will carry
 
almost no weight in the final results.)
 

*You will probably notice that this little section briefly mentions, then
 
passes by, the bulk of the work that will be done for any cost-benefit
 
analysis in the field.
 



TABLE 1
 

CASH FLOW
 

Years From Project Start
 

Year 1 Years 2 through 10
 Without Project 


160
Gross Benefits 160 


0 100
Gross__ Cot 


I7
 

60 60Net~~ Beei! 


L
With Project 


V 360 7Ewl// 360
 
Gross Benefits 360/60 I 


Cost Components M// / ,///' 


Tractor purchase 500 0
 

Operation and maintenance 50 50
 

Production costs 130 1.30 

Gross Costs (-,8()3U / 180
 

Net Benefits -320 180
 

Changes Due To Project
 

200 200
Incremental Benefits 


580 80Incremontal Costs 

120
-380
CASH FLOW 



3. Estimate gross annual costs and benefits (See Table 1) 

which would occur without 	the3.1 	 Estimate the razts and benefits 


proiect. Enter w. .stimates into the cash flow table.
 

3.2 	Estimate the costs and be nefits expected to occur with the
 

project, and enter these estimates in the table.
 

4. Compute incrumlentL costs and benefits 

4.1 	 For each year, subtract the "without project" gross benefits 

from 	 the "with projoc t" gross benefits. The remainder is the 

this value in the table.incrementa.l hunefLts: Enter 

4.2 	 For each year, subtract the "without project" gross costs from 

the "with projct" gross costs. The remainder is the inciemental 

costs: Entoer this value in the table. 

5. Compute the annua<l cash flows 

5.1 	Subtract the incremental costs frcm the incremental benefits 

for each year. The remainder, the net incremental benefit, 

is the annual "cash flow." 

EXAMPLE 

In the country of Temasek 	 a small farmer spends 0 100 per year on 

seed, and other production costs. (0 = Unis,land preparation, cultivation, 


the Temasek national currency.) The annual harvest brings him 1 160, so
 

his neL yearly profit is 0 60.
 

to introduce small walking tractors.'te Ministry of Agriculture wants 
farmerTechnical analysis suggests that owning a tractor would enable the 

to cultivat-e more intensively and increase his annual production by 225%. 

This would ]-ad to anr;ual benefits of 0 360, with corresponding production 
investment,costs of V 130. A tractor costs the farmer 04 500 as the initial 

and 4 50) each year for operation and maintenance. The estimated life of 

the 	 tractor is ten years:, with no salvage value. 

The Ministry of Agriculture field staff prepared a financial cash 

table taking the farmer's point of view. The field staff's financialflow 
year the farmer would face a negativeanalyst noted that in the first cash 

financial assistanceflow of V 380. Therefore, wost farmers would need 

the next nine years, every particito purchase tractors. But for each of 

pating farmer would realize an annual estimated cash flow with the project 

thant without it. This suggested the financial feasibility4 120 greater 

to
of promoting tractors in Temasek, if investment credit is provided 

cover the first-year capital cost. 



2. DISCOUNTING
 

The '.iecond procedure takes account of the effects of time on 
relative
 
values. Here is a detailed description of the terms and techniques of
 
discount Lung. 

PURPOSE 

)i<scountiLing future COSLs and benefits is a systematic procedure for
dealing with the greater purceived value of costs and benefits close to
 
the present: relativ, to 
costs and betn-fits further inUthe future. 

Discoutming int.roduca:s tim, pre (renc(
ei into project appraisal. The 
"time va.u," of r.,s ,urco-s can W" a sigiificant considerati on when compar
ing two comp,2LlJn 
 proj- cL. each of which would tie up ]ililed resources,
 
or 
two rpru.t ts w.ith diss.s;im~.oilr time paLLt erns of costs and benefits. 

1hw lasicLim in Lo d etrmiir, the O(Uivdient pr'OSent worth of
 
costs and benfifts oxpctd 
 at diffr;, Limes, to establisit a conon,
 
unif :b,i is I or culuplarillj them.
 

TERMS AN) )EI [EN TPIONS 

Prsent LWt Lrth(VW) is tie value today of an expected Iuture cost
 
or ben fi t.
 

The dis:; 'n t,rate (DR) is a percentage that reilects tie, dcc:'Mining

value of cos t; 
and bhno fits; as Lhe' inwn:moe mor dis t,w, ;: i /t.,; the
 
discolnt ft a1Sfte 
 Uquat f]t uLure and p:e.n; henI.worLb. 

,:t IA dJ. "I'll t I (121) is a &Pci1111(a [Lrita . 1 ( e ntwozero and one. 
DiscinL ttr: 
ar, (tt nit d with an ,quaLion that br.nq> to(jethter the
 
discuuntt rite and tW: '1.iih_,rJyea ro Lor fthe present tlte payment 
 occurs.
 
Futiro co.s and hourf it arn- ioutiplied by the discount factor to
 
do tuLrlli.u th"ir ou t wOrth.
 

An .Li)t 0 a series of iduMti.cal aimaul payments (costs, benefits,
 
or cash flows).
 

An annuity factor (A) is a "composite" discount factor. It is a
 
shortcut for dis coun ting an annuity. 

An adjusted annuity factor (AAF) is used to calculate the present
worth of a dolayed annuitfy--a uni form series that beugins a year or more 
from the present. 

NOTATIO.N 

1. DF (r/n) = the discount factor for a cost or benefit occurring 
at: year n at a discount rate of r%. 

2. AF (r/n) = 
the annuity factor used to discount a uni form series 
of payments (cost, benefit, or cash flow) running from year 1 to year n 
at a discount rate of r%. 
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3. AAF (r/m to ) = the adjusted annuity factor used to discount an
 
annuity running from year m (always some year after year 1) to year n
 
at a discount rate of r%.
 

REQUIRft,,I N'l': 

Comput in p':esent worth s requires: 

I. Stting an appropriate discount rate. 

2. 'Tabulating costs a:d benefits for each year--that is, making a 
cash flo.w projection. 

3. Wing a set of discount tables to find discount, annuity, and 
aajusted arnulty factors. 

RESULT.'. 

Diqu:::,untiLng gives the present worth of future values. Discounted 

costs, benefits, and cash flows are the build ng blocks for computing the 
net preucnt .orth, the benefit-cost ratio, and the internal rate of return 
of a project. 

ASSUMPTJ :'/, 

hi:; eu nting a cash flow assumes ycu have good cash flow projections 
to begi witL--ad estimates never get better by being discounted. 

Finding an appropriate discount rate in the main problem. It can 
be based on one or all of several concerns covered in the reader. It is 
up to th. anialyst to find a discount rate that usefu].ly and validly 
approximate. the dcni.ning value of costs and benefits over time. 

DING TVE I'ROCAIDUtI, 

A. To discount a u.LnQie future payment (cost, benefit, or cash flow): 

1. Specify a discount rate. 

2. Find the di:scount factor i n discount tables.* 

3. Multiply the payment by the discount factor to get the present worth. 

Exampe : 

Here is how to compute the present worth of a $200 payment five 
years from now at several different discount rates: 10%, 15%, and 20%. 

*Discoun, table3 are lists of solutions to the discount factor equation 

for every value of r and n. The equation is: DF(r/n) = 1/1 + (r/100)n 
Selected discount tables are printed on pages 61 and 62. 

9
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To find DF (10%/5) (that is, the discount factor at the rate of 10% 
for a payment made in year 5) , look in the discount tables (on pages 61

62 in this workbook) under 10%. Go down the column of discount factors, 
and find the decimal fraction for year 5--.621. At 10%, the present 
worth of a $200 payment in five years is: PW = $200 x .621 = $124. 

At 151: DF(15*/5) " .497 so PW = $200 x .497 = $99. 

And at 2wf: DF(20%/5) = .d02 so PW = $200 x .402 = $90. 

(Cash flow estirmtes are seldom so precise that it makes sense to 
worry about great exactness in discounting. Most of the time--and in 

the case exercisu--rounding discount factors to two decimal places is 
precise enough.) 

B. To discoit a non- ifor'm series of fixture payments: 

1. Spcify tihe discount rate. 

2. List the payment occurring in each year. 

3. Look up tw discount factor for each year. 

4. Compute the IresniLt worth of each annual payment. 

Example:
 

An vnvest~rit ofqortunJi tr rt quir s so;pending $150 in the first 
year and $75 the second year. It: will pay out $300 in the third year. 
Ignoring N tim factor, t ho jirvestment in profitabie--paying $225 
yielcds $30!0, for a proliLt of $15. 

If cost:s and heneFit:; art: dis:counted at a rate of 20%, does the 
investm,. a t.] 1 make :n:;,? 

Year 1: pay in $1'0] H.(.', I) , . 033 so PW - $125 x .033 = $125.
 
Year 2: pay in $75 IU(21/2) .694 so PU = $75 x .094 - $52.
 
Year 3: receive $300 D (2(3V/3) .579 so PW - $300 x .579 = $174
 

Di scou;ting at 2ut the total costs are $177 and total return is 

$174--with discounting, what previously looked profitable now shows 
up as a rnot loss of $3. 

C. To discounit an annuity: 

]. Determine the discount rate. 

2. Look up the annuity factor in the discount tables.* 

*The annuity factor is c;nposiLe discount: factor. Looking at the tables of 

annuity factars next to tables of discount factors, you can see that the 

AF is a running total of DF's--AF(I 5'/3) - 1F(151',/) + DF(151/2) + DF(15%/3). 

Annuity factars are provi.de d on pag-s 63 and 64. 

I () 
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3. 	 Multiply the annual payment in the series by the annuity factor to 

get the total present worth of the series of future payments. 

Example:
 

Suppose an investment will yield a uniform annual cash flow of 
$40 beginning in year I and ending in year 5. To find the annuity's 
present worth at a d iscount rate of 15%: 

Loon up the annuity factor:
 
AF (-5-/5) -, 3.352
 
Multiply the annual payment by the AF:
 
PW = $40 :< 3. 352 = $1.34
 

D. 	 To discount a dUla lodannuity:* 
(The 	 exercise in Part II uses adjusted annuity factors in nearly 
every step.) 

1. 	 Determine the discount rate. 

2. 	 Look up the two annuity factors: 

AF (r/m-l) 
Ai 	 (r/n)
 
where 	 m = first year of the delayed annuity
 

n = last year of the delayed annuity
 

3. Calculate the adjusted annuity factor for a uniform series from
 

year m to year n: AAF (r/m to n) = AF (r/n) - AF (r/m-l). 

4. 	 Multiply the uniform annuai. payment by the AAF to determine the 
present worth of the delayed annuity. 

Example:
 

A project with a life of 15 years yields no benefits until year 6. 
From then through year 15 it will yield $100 per year. If the discount 
rate is 10%, the present worth of the benefits can be determined: 

AF 	 (10%/6-.) = 3.791 
AF (10%/15) : 7.606
 

AA' = 7.606- 3.791 = 3.8].5
 

The present worth of a delayed annuity of $100 from year 6 to
 

year 15 is $381.50.
 

PW 	 = $100 x 3.815 = $381.5 

*Annuity factors include the years from 1 to n; if the uniform series 

starts after year 1, the adjusted annuity factor described here must be
 
used.
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3. ESTIMATING A PROJECT'S NI1T PRESENT WOR11H 

The net present worth (NPW) is one of three summary measures for ex

pressing a project's cop t-hunnl fit iplationships . It is a very simple 

procedur,--surm:i rig up the producLs o f discounting 

PURPOSE
 

E;t imating a project's n.t presen L wert Iwr: 

PFrovi es a critrion of ascena:,hbi..1it:; for aisingle project. If the 

NPW is greateor thai zero, then the project makes sense--assuming cash 

flow projections and the di.s;count rate are val.id.
 

Sets up a system for ranking mutually-exclusivu projects or project 

designs. 

Gives an nrormd.iat- measure necessary in calculating a project's 

internal rat- of return. 

TERMS AND DE"I';;T.1;' 

The not pruscoit- worth is the same thing as Mue net present value
 

(NPV) ; Lte turms are u,.ed interchangeably.
 

'The N*W i .;an absolute measure of a project's value-- total discounted 

benefits mi nus total discounted costs, expressed in dollars and cents 

(or other currency unit. ). The benefi t-cos;I: ratio and internal rate of 

return are h th rei atliv measurs of units )f od tt[ut eXp.cted per unit 

of i npu t. 

cv a I trno i v,:o omij, k 

desi.gns of which onl one can be impl.emnoited. The NlfW .:s the b.or;t summary 

ieasure For ::m)1 ii ( mutual1,-excJ us ivu alto rnetiwy- siqce if only one 

go with th-'one promising the
 

Mut uno I ! g-ex.cl usi. ta are op LI ro)1cKt or project 

project canih Uo, IL 	 makes sense to 

n a tean C F nJ.Ilt.>3s mustgreate:: t ar,. : net inefits. For exampi, if ,! 

choose b owe, uiIdinq a big dam or a small., ;uptrhy designeCu dam, the 

to.s] worth (t, '11W) of e big dam would he qrater, even though the 

uni.t-for-unit. fficyeic7 (represenited by the hej fit-cost ratio or internal 

rate of rt urn) of thie snmall dam would b. better. The NPW takes account 

of sual" 

ASSUWJ"IOM' 

T*-validi ty of UIPW calculations depends on the comple teness and
 

re.liabi lity'of the cash 	flow projections, and on the appropriateness of 

the cliscount rate.
 

DOINC TlE PROCI;DURL' 

I. Estimate the cash flow for the project, and set up the cash flow
 

Lable. 

Ca.lculate Lhe cash flow 	 for each year--that is, the net incremental 

becne fits. 
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3. Specify the discount rate. 

4. Look up disc unt and amauity factors for each year. (Use annuity 

factors and adj utod annuity factors whicnever you can; it spe(.ds the 
procedure. ) 

5. ]s ii ig the factors and the cash flow ,s timates, compute the present 

worth of e.,ac:h annual sash flow. II sually, some years will have negative and 

smc,mi positive cash Flows;. 

6. Add up all. the di ;count(d cash flows--the sam is the UPW. 

The c-ash flow for a small farmer tractor purchase project was con

s tructe ()II Table 1, page 6. Suppose Temasek's Office of Project Analysis 

has speci a 15% a!; the discount rate to he used for rural development 

proujects , 2 is a NPW worksheet--like Table I., it takes advantage 

of the ut itft)rm ,-tries (annuity) in years 2 tJhrough 10 to make for a 

sho :e , t and to allow us inq adju,-;tsed annui ty factors instead of 

di.ucoui ti year i' L year. 

TABLE 2 

IET PRESENT WORTH 

15%Discount Rate 


ANUAL PRESENT 
INCREMENTAL, I NCREMENTAL CASH WORTH OF 

YEAR BENEFITS COSTS FLOW CASH FLOW 

1 	 discount 
factor .87 20o 580 -380 -330.6 

2 adjusted
 

through annuity 14.15 200 80 120 498
 

10 factor
 

NET PRESENT WORTH 167.4 
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TABLE 3
 

CASH FLOW
 

Years From Project Start
 

Year I Years 2 through 10
 
Without Project 


160 160
Gross Benefits / 

100100 1
Gross Costs 


Net Benefits 60 60 

With Project
 

Gross Benefits2420
 

Cost Components 

Production costs 120 // 120 ' / 

Tractor rental 40 40 

Gross Costs i16 160 

Net Benefits 80 80 

Chanqes Due To Pro-iect 

80 80 
incremental Benefits 


60 60
Ii; c:r Ljl(.f t a] CoS tS ____ 

20 20
 
CASH__FiOW 
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The net present worth of purchasing a tractor is 0 167.4--cortainly 
greater than zero, and so the tractor project ought to he accepted--if 

it is thre only option. But tihe point of cost-benefit analysis is comparing 

and chu"Aniyg ang a1tunal ves. The Lractor-purcha;e opt. ion is sound in 

its own right, tut mayte iome mutual ly-exclus;ivt alternat:ive.i would he 

Suppose the Mini;try of Agriculture hra; developed an- alternative 

de;ign, wh.re instead of buying t.ractors , farmers rent them. S imilar 

tractnn canlrI, rentd t oio0 4 ) a yi ar--a lower cost than buyinq them, 
even whin sjCr.eid over sev.era1 year;. Hut the yields are al].ro lower than 

what is e xpec-ted from OWnin.j a tractor. 

The projected cash flow for a farmer going with the rental option 

has been entered into Tale 3. 
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Table 4 takes this cash-flow data and, just as for the purchase 
option, computes the net present worth.
 

TABLE 4
 

NET PRESENT WORTH 

Discount Rate 15%
 

ANNUAL PRESENT 

INCREMENTAL INCREMENTAL CASH WORTH OF 

YEAR BENEFITS COSTS FLOW CASH FLOW 

I I discount 

factor .87 80 60 20 17.4 

2 adlusted
 

tirough "rntui t y 4. 1.5 80 60 20 83 

10 fact-or 

NET PRESENT WORTH 100.4 

So KPW calculations suggest that a tracLor-rental project would be 

economically viahle, too. The NPW is groater than zero, indicating that 

the :.r-jqt I1A wCnomical.]y offici nL--asSsuming, alway-, Lyar prnjections 

and tLhe diSc UILL rat" are valid. But th,. tractor puruLanr u]on Atill 

h as the JLIt, -PW, reflecting inn ,v :Jt r ,. utc colo ic value of 

tils op tiloL. IL thC JecicSio:t" r, Lan an the NPW crit .r-o, and the 

projects are mual ly exclusive, the purchdse projuci should Sill be 

chosen. (AlthoughI if iesourcea allow it might mak:e sI;C t; impjlement 

hot h projecLs in difforont areas, Ainco both arYe ncor-namically sound.) 



4. ESTIMATING A PRUJECT'S BETIEFIT-COST RATIO 

The benufit-cost ratio is the second common measure of a project's
 
worth; it is z;imi lar to the NPW in the way it is calculated, but some
what different in omphasi.
 

PURFOSi 

The benefit-cost ratio (BCR) compares the value of units of input
 

per unit of output. It can he used:
 

To determint* ihe accelptal)ility of a single project. 

To rank-order several possible projects bhat are not necessarily
 
mutually exclusive.
 

To evaluate, and rank alternative project designs to specify the
 
most efficilot.
 

TERMS AND ),NITIONS 

The hennEfit-cost ratio is a relative measure of a project's input
output chaiacteristics, unlike the net present worth which is an absolute
 

measure of profit.
 

Raingki n alternatives by benefit-cost ratios gives a picture of the
 
relative c/ti ciencj of resource use.
 

ASSUMPTIONS
 

As for the NPW, the reliability of the benefit-cost ratio depends on
 
the quality of cash flow estimates and the discount rate that make it up.
 

DOING THE PROCEDURE (See Table 5) 

1. Estivite the project's cash flow and set up a cash flow table.
 

2. Spec g the discount rate. 

3. Look up discount and annuity factors for each year. When possible, 
use annuity and adjusted annuity factors.
 

4. Discount the incremental benefits for each year.
 

5. Add ip the discounted annual incremental benefits; this is the 

present worth of the incremental benefits. 

6. Discount the incremental costs for each year.
 

7. Add up the discounted annual incremental costs; this is the present
 
worth of the incremental costs. 

8. Divide the present worth of the incremental benefits by the present 
worth of the incremental costs to get the benefit-cost ratio.
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EXAMPLE
 

In Table I (page 6) the cash flow of a project to purchase a small 
tractor waS estimated and organized. Table 5 is a beriefit-cost ratio 
worksheet--the data from Table 1 are entered in and discounted at 15%. 

TABLE' 5 

BENEFIT-COST RATIO 

Discount Rate 15% 

PRESENT PRESENT 
YEAR WORTH OF WORTH OF 

INCREMENTAL INCREMENTAL INCREMENTAL INCREMENTAL 

COST; COSTS BENEFITS BENEFITS 

I discount 
, ).7 2008 580 504.6 174factor 

2 1ad1Us t d
 
throu Cl I 1 4. Li 80 332 200 830
 

10 !fctor.
 

Total 836.6 1004 

]reent Wortli of 

Iricreaental Benefits 
3EI .EFIT/COST RATIO = 

1resent Worth of 
liclenmental Costs 

1004 

836.6 

1.2
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The benefit-cost r;tio is 1.2 This simply suggests that the project
 
is financially sound--that the expected benefits over the life of the 
project exceed the expected costs, even when tinie is accounted for. 
Given the assumptions, this analysis indicates that a "unit" of re
sources spent on a tractor will generate 1.2 "units" of value.
 

Now, suppose farmers have another option--forming a tractor cooperative.

The members of the coop would pool their resources to buy a large tractor.
 
Since the coop members would share the tractor, each of them would enjoy
 
a lower increase in yields than he would get if he owned a tractor, but
 
his costs would be lower as well. How does the benefit-cost ratio of this 
option compare with tractor purchase?
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Table 6 sets up the cash flow for the coop project alternative. 

TABLE 6
 

CASH FLOW
 

Years From Project Start
 

Year I Years 2 through 10Without Project 


160_160_
Gross Benefits 


100 100
Gross Costs 


Net Benefits ,//'/y 60 60 

With Project
 

MEN/ milm
Gross Benefits "/7 /f 270 '///j /,,, 270 

7y/x ME<i' /2-/~ 


77•'15 ,zjr ,./, ., / 

Annual membership fee 25 25 ;5 

G r o!;. Cc)!; t F"?S :,/ . 295131,"...), 4q 

Nrot Beoncofits ,, , // /120 125 

Chanues Due To aroect 

. r.mar t a]. P .ne .its ]1.0 110 

Jr .:r . .f l _i ,e't.s_ _ ].,1 . . . . .. . . . _4 _... . . 

CASH FLOW - 658 5  
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Table 7 arranges the cash flow information f r the tractor coop, 
aplies a 15% discount rate, and computes the benefit-cost ratio. 

TABLE 7
 

BENEFIT-COST RATIO
 

Discount Rate 15%
 

PRESENT PRESENT 

YEAR WORTH OF WOR!TH OF 

IINCREMENTAL INCREMENTAL INCRE14ENTAL INCRE14ENTAL 

COSTS COSTS BENEFITS BENEFITS 

I discount
 
Ifactor .87 195 169.65 110 95.7
 

2 adlusted 
through annuity 4.15 45 186.75 110 456.5 
10 factor 

Total /356.4 552.2
 

Present Worth of
 

Incremental Benefits
 
BENEFIT/COST RATIO
 

Present Worth of
 

Incremental Costs
 

552.2
 

356.4
 

1.5
 

The ratio of 1.5 for the coop alternative is considerably higher than 
Wle purchase option's ratio, 1.2. This suggests that forming a tractor 
coop is a more efficient use of resources thian buying tractors. 
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5. ESTIMATING A PFRJfI.CT'S INTERNAL RAME OF RETURN 

So far, two summary measures have been presented for showing the 

discounted cost-benefit characteristics of a project. The third summary 

measure is thu in ternal rate of return--popular because it can be calculated 

wi. thout- speOcif ying a di$cotuit rat ii advance , and because it is similar 

to thu famiiI ar .idea of the return on an inve. timenc. 

PURI)OSfP 

The in ternlal rate of return (IRR) meas.ures the yie.ld of a project. 

Estimating the internal rate of return can: 

Provide a basis for eva iating a single project or project design; 

estimated IIRR',s are tested against a stipuLated threshn].d of acceptability. 

Be used as a criter on for rank-ordering several alternative projects 

or project desig-; . Like the bunefit-cost ratio, the IR{R is a measure 

of efficl<;.cy. 

"'l,;RMS AN) DM.INITFONS 

Th,. Il<, like the hen.2fit-cost ratio and unlike thre NPW, is a relative 

measure or financi1al or economic soundness, closely analogous to the "yield" 

of a convent.i onal financial investment. 

In financial co;t-bunefit analis the IRk is sometimes called the 

internal financial r turn. TIn oMher it may ihoi tLe economicna:.o::', ul]d 

or ,;c,: rate ol return. Thu dfference is Ln int ol view theli te:O 

analysis lakes, and the definition of the cw:t; and ,,efits that go into 

the cash flow proectio--not in the form or th. inl caJculations. 

'o, 1i10 is formal ly defined a:s the di scount rat. at: rhich the NPW is 

zero. When thu I hfl iKi the criterion for ecunoimi c soundness , no di scount 

rate is sel,,ctied b;:fore, t:hu analysi:;, but a "cut-off" in set--a rate below 

whi.' jL is not f inancial]y or e eumi cally ,accet,ble. 

ASS LMt '0iN. 1 ; 

the soundin:;:; of any summary measure depend:; on the quali.tyA:; always, 

of thte data it s;umnari. ,: .; 

The r RR ha!; advn tages--most important ]7, it avoid; tlhe problem of 

fid.ridi 12an; apur-opriatL di:;count rate, on( of tne weakest links in most 

cost-belle fit anaLyse:; (al though in :;2c-1 way:; it. iu.t uPst:pn)nLe the issue, 

since point u s;ti. ;et) . di sadvwntagea ::t - )ff ins t be (On of the ERR, 

comjilar,e t) t-1ic N]W or BCR, i:; that it can only he ca'acu] a :Ledwhet at 

i 'a;t 0):n 0,122)'1 ca:;h 1.! Ow .15 nl(; 7 t:.ivc. 
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TABLE 8 

INTERNAL RATE OF RETURN 

TRACTOR PURCHASE 

I. 	 Calculate Net Present Worth with different Discount Rates until you have a
 

POSITIVE and a NEGATIVE NPW.
 

CASH FLOW YEARS 2-10 120CASH FLOW YEAR 1 -380 

Trial Discount Present Adjusted Present Net Present
 

Worth Worth atDiscount Factor Worth Annuity 

Rate Year 1 Year 1 Factor Years Trial Dis-

Years 2-10 2-10 count Rate 

152 	 .87 j -330.6 4.15 498 167.4 
--	 330.
 

25% - .8 -304 	 2.77 332.4 28.4 

30% 	 .77 -292.6 2.32 278.4 14.2
 

II. 

Low 

TRANSFER 

TDR 

FROM TABLE 

25 ____IRR=Low 

IV. INTERPOLATE 

TDR + 

High 

-Low 

TDR 

TDR x 

NPW 

Lw 

at 

TDR 

High TDMR 30 

1,JPW atof 

NPW at Low TDR 
+ Absolute Value 

NPW at 

Low TUE----. 28-.4- High TDR 

aT1 

lliqhTUB -4.2 

IPR 25 5 

L42.6 
x 28.4 

LI2. TANSE RMBE IV.5 O5 Ex .67 1 
High 

L TT 5 

TDR IRR 25 + 3.35 

Low 

Hihat TUP 30w 

+ A+Abs utou VValu 

ofNIW at iU_42.6_ 

IRa 28.35 

fiqP 
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DOING THE PROCEDURE (See Table 8) 

4 Finding the IRR is a two-step procedure. First, the NPW is calculated 
using several different discount rates. Once a NPW of zero is "bracketed"-
that is, falls between two trial discount rates--a,,technique called
 
interpolation is used to specify where the actual IRR lies.
 

I. Bracket the IRR (find discount rates above and below an NPW of zero):
 

1. Estimate the project's cash flow.
 

2. Select a trial discount rate (TDR).* 

3. Calculate the NPW of the cash flow at the TDR. Use annuity factors
 
and adjusted annuity factors to discount whenever you can.
 

4. Evaluate the NPW and select a second TDR. If the NPW at the first
 
TDR is large and negative--the TDR is higher tian the IRR; so
 
choose a smaller TDR. If the NPW at the first TDR is large and
 
positive, the TDR is lower than the IRR; then choose a larger TDR.
 

-(-I-t -is usual-lyo :simp-lest--to -use -TDR's that are multiples of 5-or' 
10.)
 

5. Compute the NPW using thle second TDR. 

6. Evaluate the NPW and select another TDR. Repeat the procedure until 
the discount rate which forces the NPW to zero is "bracketed"--for 
example, you have a small negative NPW at TDR = 30% and a small 
positive NPW at TDR 25%. ("Small" is relative here, of course.)
 

*The closer this first trial discount rate is to the actual IRR, the
 
fewer calculations there will be. Examining the cash flow can make the
 
first guess better--if the first annual cash flows are large and negative
 
and the positive cash flows are small and delayed, the IRR is probably 
low--start with 5% or 10%. If positive cash flows start soon and are large
 
relative to negative cash flows, try a high TDR. 
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II. Interpolate 

Once you have bracketed the IRR, this procedure specifies just 

wherc the IRR iq between the two TDR's. 

1. 	 Subtract the low TDR from the high T'R. 

2. 	 Add the NUW at the low TDR plus the absolute value of the NPW at 

the high TD<. (The NPW at the high TDR will be negative; using 

the "absolute value" means ignoring this and treating it as 

po ' i t i ye. 

3. 	 Plug the appropriate values into this equation and solve it:Fig T-R 
igh TDR NPW at Low TDR
 

IRR = Low TDR + Low TDR x a

I NPW at Low TDR
 

+ absolute value 

of IPW at High TDR 

Suppose, foi example, the IRR has been bracketed by a low TDR 

of 	 5% which gives a NPW of $100, and high TDR of 10% which gives 

a 	 NPW of -$50. Interpolation goes like this: 

Low TDR : 5 

High TDR 

-Low TDR = 5 

NPW at Low TDR = 100 

NPW at Low TDR 
+ 	 absolute value
 

= 
of 	NPW at High TDR 150 

IRR = 5 r x 00100 

IRR = 5 + [5 x .67 

IRR = 5 + 3.35 

IRR = 8.35 

EXAMPLE 

Three options have been presented for Temasekian farmers who want to 

or a coop touse tractors: buying small tractors, renting th'em, forming 

buy a larger tractor and dividing its use among themselves. 

Cash flows have already been constructed for each option (see pages 

6, 14, and 20). Since all three cash flows are uniform after the first 

year, it is easy to calculate NPW's. Tables 8, 9, and 10 (pages 23, 26, 

and 27) go through both parts of the IRR procedure. 
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TABLE 9 

INTERNAL RATE OF RETURN 
TRACTOR RENTAL 

I. 	 Calculate Net Present Worth with different Discount Rates until you have a 
POSITIVE arid a NEGATIVE NPW. 

CASH FLOW YEAR 1 20 	 CASH FLOW YEARS 2-10 20 

Trial Discotnt Present Adjusted Present Net Present 
Discount Factor Worth Annuity Worth Worth at 
Rate Year I Year . 'actor Years Trial Dis-

Years 2-10 2-10 count Rate 

15 	 .87 17.4 1 4.15 83 100.4
 

25 	 . 8 16 i 2.77 55.4 71.4 

30 	 .77 15., 2.32 46.4 61.8 

35 	 .74 14.8 i 1.97 39.4 54.2 

40 	 .71 14.? 1.7 34 48.2 

50 	 .67 1-3.4 1. 30 -6 39.4 

75 .57 11.4 	 .76 15.2 26.6 

99 .50 10 	 .51 10.2 20.2 

The IRR cannot be calculated when all cash flows are positive,
 
sin a--no matter how high the TDR--there is no way to get a negative NPW.
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TABLE 10 

INTERNAL RATE OF RETURN
 

TRACTOR CO-OP
 

I. Calculate Net Present Worth with different Discount Rates until you have a 

Ph;SITIVE and a NEGATIVE NPW. 

CASH FLOW YEAR I -s5 CASH FLOW YEARS 2-10 r)5 

Trial Discount Present Adjusted Present Net Present 

Di s (o unt Factor Worth A-nnuity Worth Worth at 

Rat-. Year 1 Year i Fact-or Years Trial Dis-

Years 2-10 1--10 count Rate 

15 .87 -73.95 4.15 269.75 195.8 

25 .80 -68 2.77 180.05 112.05 

j
50 .67 -56.95 1.30 84.5 27.55
 

75 .57 -48.45 .76 49.4 .95
 

80 .56 -47.6 .69 44.85 - 2.75 

II. TRANSFER FROM TABLE 

Low,'FD _ 75 

H TDw 80 

IV. 

IRR 

INTERPOLATE 

= Low TDR + 
High TDR 
Low TDR x 

-Lo 

NPW at 
Low TDR 

NPW at Low TDR 

NPW at 
Low TOR .95 

... + Absolute Value 
of NPW at 
ligh TDR 

NPW 

Hjcah 

t 

Vh. -D 2.75 ... ..... .. .. .. .. " 
IRR 

-_____ 

75 + 5 
________.3 

x .95 

.7 

111. CAICJIATE IRR= 75 +[ x .26 

High TDR 

- Low TDR 
IRR = 75 + 1.3 

Ni ', at Low TDR 

-4 Ab;o ute Value 

of NPW at High TDR_ 3.7 

IR = 76.3 
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PART 2
 
A PROBLEM IN PROJECT DESIGN
 

PROJECT SCENARIO
 

.:sgladesh is not self-sufficient in rice, and new agricultural 
stratejies are being explored. Government policies aim to provide in
centives for farmers to increase rice production. These policies in
clude modest price supports for rice, and subsidies on fertilizer, pest
icides, and petro]otun products used in farming. 

Studies inidicate that irrigation is the most important constraint
 
on agricultural production. A reliable water supply makes possible a
 
dry-season crop., and increases yields in the wet season by allowing for
 
more flexible planting schedules. The government of Bangladesh and
 
a numb<)e'r of donor agncies are concentrating their efforts on relax
ing the irrigation constraint.
 

You have been called on to conduct a cost-benefit study for a 
team of offi[cials and technicians designing an irrigation program. 
The project area consists of five thanas (administrative units anal
ogous to counties). There is little irrigation in any of these thanas.
 
All five have .imilar soil characteristics, ground water supplies, and
 
cropping jatterns. Average yields are roughly equal throughout the
 
project area. In other respects there is some diversity.
 

[\.o of the thanas have fairly good road networks; the others have 
few all--wea ther roads. There are wide differences in land ownership 
patterns and average income. One thana is designated a serious pov
erty area. Two are quite prosperous, with most farms much larger 
than average holdings in Bangladesh. In the other two thanas, ten
ancy patte rns and average incomes are fairly typical for the country. 

Rice yieLds in the project area are low, 800 pounds per acre. 
The prevailing prsice of rice is I taka per pound--including a gov
ernment price-support element averaging 8 percent--and the gross in
come from an acre of unirrLgated land is T.800. Out of this farmers 

,...€ ,r7-


I).,., 

2. 9.1,,. . ' .:.
 



must pay for fertilizer and pesticides, supplied through an exten

sion program at a per-acre cost of T.I00w for a one-crop supply.
 

Wage l:dor i; uncomm(m1 in the project area, so the cost of 

labor is i.;nnred in idetit yifn inputs and outputs for rice pro

duction. (Tl, sou.,,,;ee: of your cost-beinefit analysis will be 

affected by th" valid ity of i.gnori q labor costs.) 

Trrigatd land ."n yild 2MO pounds of rice per acre. A 

large part of tid increase is from double croppLing, so fertilizer 

and p;Li cid requirements doub le. If the irrigation program goes 

through, thes e wxtr chemicals will cost farmers T.200 per acre 

(100 for farminy as usual, 0(0 Fo1r the second crop). 

as 

the mo.L prow,,i ,n irriya .ou tehn ioue, and recommended installing 

1000 tubewilh in f9, pirjt ara. ngi.opering studios have iden

tified two alternative we, designs. Your task is to assess their 

respec tive covL:; an d b nfits. 

atter maiagum:int ia i ! toI; have identi lied deep tubevells 

OPTION 1: Wells are drilled by contractors using heavy truck

mounted equipm'en t. how Bangladeshi finns possess the rigs, so 

most of ti. drilling would be contracted out to overseas firms. 

The drillin.g rig; rpquire good roads for getting to a:nd from dri

ling sites. Hnce drilled, an Option I well i.:; fitted with a fiber

glass screen and a turbine pump wi th a hi gh-speed diesel engine. 

Both screen and pump are imported, though the pumpi ounes are made 

domestically.
 

The diesel engines burn l000 gallons of fuel in a year's operation. 

Since the fuel in used for agricultural production, it is available 

at the subsidized price of T.10 per gallon, or T.10,n0q annually per 

well.
 

were is tle total investment cost of an Option 1 well: 

Imported equipment T.130,000
 

Foreign contractors T. 40,000
 

Domestic equipment T. 30,000
 

Skilled domestic labor T. 50,000
 

Unskilled domestic labor T. 10,000
 

TOTAL T. 260,000
 

so
 

investment costs per acre are T.2,600.
 
An Option I well, can irrigate a command area of 100 acres, 


OPTION :.2 Wells are somewhat less costly but have smaller capa

cities. They are drilled bi, 1.;aor-intensive water-jet techniques, 

or by percussion techniques using a weighted bit, a pulley-fitted 

*T. = taka, the Bangladesh currency
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tripod, and teams of workers to hoist and release the bit. Tests
 

have shown that jet and percu.'ion wells meet width and straightness 

requirements. Option 2 wells are fitted mostly with domesti2 equip

ment. The brans screens are made in Bangladesh. The centrifugal 

pumps and low-.p ed di esel engine are a.sembled in the country, 

using a coihiLiatior of imported and domes tic parts. 

Fuel r.1 uiremyn t,; are ]li li y lower for the smaller Option 

2 engines--HiH qa ]]or s per well p r year, at a cost of T.8000. 

InvesLmentL ns for an Option 2 well include: 

Imported equipme,nt T. 50,000
 

Foreign contractors and consultants T. 20,000
 
u i m e
Domesti qeq p nt T.100,00
 

SkillIcd dome.tic labor T. 40,000
 

Unsnkilled d ne st i<: labor T. 30,000
 

1)TAL T. 240,000 

The engine and pump are less powerful., and the capacity of 

the well itself in slightly smaller, so an Option 2 well can ir

rigate a command area of only 80 acres--per acre investment costs 

are T.3000. 

Project Scheduling
 

Whichever oeLLon is chosen, year I of the project will be de

voted to forming irrigation groups, selecting sites, and install

ing the well s. luring this first -ear, rice farming will go on as 

usual. The wells will he working it the beqinning of year 2. From 

year 2 unt ill year 1 yiel1d increases from irrigation are expected 

to be realized. Extra fertilizer and pesticide will be required, 

as well as fuel for the pump engines, from year 2 through year 10. 
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FINANCIAL FACTSHEET (
 

Your first task is to conduct a financial analysis for this
 
project. Financial analysis tests alternatives to determine which
 
promises the greatest financial incentive to the project's intended
 
clients (and to see whether agency budgets will suffice). It al
ways uses market prices to value costs and benefits.
 

This financial analysis asks (a) whether tubewell irrigation
 

will be attractive to farmers in the project area and, if so," (b)
 
whether Option 1 or Option 2 offers the better cost-benefit re

lationship.
 

FinancialArrangements 
Heavy capital costs for drilling and equipment are incurred in
 

the first year of the project. From the second year onward, fuel
 

and extra fertilizer and sticide for double-cropping are addi

tional costs over the "without project" scenario. Fields will be
 
irrigated beginning in year 2, and farmers can expect increased
 
yields from double-cropping and supplementad-y wet-season irrigation
 

from year 2 through year 10.
 

The project design team assumes that few farmers have the cash
 

to pay the full investment cost in the first year, and a credit
 

facility is included iin the project. Farmers are to form irrigation
 

groups. Each group will cover the command area of one well (100
 
acres if Option 1 is chosen, or 80 acres for Option 2). These
 

groups will be required to repay the project aqency the cost of
 

their well at 5 percent interest, so this is the discount rate for
 
financial. analysis. The farmer must also pay his share of the
 
annual fuel costs for pump engines.
 

This financial analysis takes the perspective of a farmer as he 

decides whether to join an irrigation group. The scale of the anal

ysis is one acre. Capital, fuel, and agricultural input costs are 

entered per acre, as are .ice yields. (Labor costs, remember, are 

ignored here.) Note that in computing capital and fuel costs per 
acre an Option I well irrigates 100 acres and an Option 2 well ir
rigates 80 acres.
 

Use this information, plus
 

*cost, yield, and price data from the Project Scenario, and 
*a calculator. 

Compute per-acre cost shares and construct a 10-year cash flow table
 

for each project option. 
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Using the completed cash flow table 

*and the discount tab)les in Appendix I 
*plus a calcalator, 
*ind the procediur,,; in Part 1 for reference 

Determine: 

(1) The henefi t-cost ratio 
(2) The net present worth 
(3) The internal rate of return for Option 1 and Option 2. 
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TABLE 11
 

OPTION 1
 
FINANCIAL CASH FLOW
 

COSTS AND BENEFITS PER ACRE
 

Years From Project Start
 

Without Project Year 1 Years 2 through 10
 

Gross Benefits
 

Gross Costs VWEEM/ 

Net Benefits _ _ __ _ _ 

With Project
 

/X" // ///7Gross Benefits ______ 

Cost Components 
 ______M/ 

Investment (per-acre well cost) /
 

Fuel (per-acre share)'/
 

Usual fertilizer and pesticides / /
 

Extra fertilizer and pesticides / 

Gross Costs ~ <y
 

Nt t B riefits _ _ 'y/ /
-____._,_,_____ 

C-inqujes Due To Projecut 

Incremental Benefits 

Tii cre(mental (Ym ;tsS___ 

CASH .'LOW 
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TABLE 12 

OPTION 2 
FINANCIAL CASH FLOW 

COSTS AND BENEFITS PER ACRE 

Years From Project Start
 

Year 1 Years 2 through 10
Without Project 


Gross Benefits
 

Gross Costs _______ 

Net Benefits _________ __________ 

With Project 

Gross Benefits / / 

Cost Comoonents / / 

Investment (per-acre well cost) / / , 

Fuel (per-acre share) 

Usual fertilizer and pesticides 

Extra fertilizer and pesticides E, 

Gross Costs /jM/'/// ___ 

Ne't Benefits __________ 

Changes Due To Project 

Incremental Benefits 

Incremntal Costs 

CASH FLOW 
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TABLE 13 

OPTION 1
 

BENEFIT-COST RATIO 

Discount Rate 

PRESEN'T PRESENT 

YEAR WORTH OF WORTH or 
INCREMENTAL INCREMENTAL INCREMENTAL INCREMENTAL 

COSTS COSTS BENEFITS BENEFITS 

I Idiscount 
factor 

2 adjustedl 

through annuity I 
10 factor 

otal 

Present Worth of 

incremental Benefits 
BENEFIT/COST RATIO 

Present Worth of 

Incremental Costs 
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TAJiLl, 14 

Op'rl¢TI1 ..
 

BENiEFIT-CoS' I' RATIO
 

Discomnt Rate 

T PRESENT PRESENT 
YEAR WORTH OF WORTH OF 

INCREMENTAL INCRE-MEINTAL INCPMENTAL INCREMENTAL 
COSTS COSTS BENEFITS BENEFITS 

Idiscount I 
factor _ 

2 adjustedi 

through annuityI 

10 factor I 

Stal 

Present Worth of 

Incremental Benefits 
BENEFIT/COST RATIO 

Present Worth of 
Incremental Costs 
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TABLE 1 5 

OPTION 1 

NET PRESENT WORTH 

Discount Rate 

ANNUAL PRESENT 

INCREMENTAL INCREMENTAL CASH WORTH OF 

YEAR BENEFITS COSTS FLOW CASH FLOW 

1 discountl 
factor I 

2 adjusted, 
through annuity 

10 factor 

NET PRESENT WORTH 

TABI3A- 16 

OPTION 2 

NET PRESENT WORTI 

Discount Rate 

ANNUAL PRESENT 

INCREME1NTAL INCREMENTAL CASH WORTH OF 

YEAR BENEFITS COSTS FLOW CASH FLOW 

1 discount 
factor 

2 adjusted 

through annuity 
10 factor 

NET PRESENT WORTV 
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TABLE 17 

OPTION 1
 

INTERNAL RATE OF RETURN 

I. Calculate Net Present Worth with different Discount Rates until you have a
 

POSITIVE and a NEGATIVE NPW. 

CASH FLOW YEAR 1 	 CASH FLOW YEARS 2-10 

Trial Discount Present Adjusted Present Net Present
 

Discount Factor Worth Annuity Worth Worth at
 

Rato Year 1 Year 1 Factor Years Trial Dis-


Years 2-10 2-10 count Rate
 

II. 	 TRANSFER FROM TABLE IV. INTERPOLATE NPW at 
High TDR Low TDR 

r NPW atLow TR 
Low TDR IRR Low TDR + Low TDR x NPW at Low TDR 

H i ci TDR 	 + Absolute Value 
of NPW at 

n1PW at High TDR 
Low T iR -

NPW at 
IRR + _

High TDr 

III. CALCUIATE IRR= 	 +1 x ] 
High TDR IRR= + 

- Low TDR_ 

NPW at Iow TDR 	 IPR = 

+ Abw)Iute Va lue 

of NPW at HiQh TDR 
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TABLE 18 

OPTION 2
 

INTERNAL RATE OF RETURN
 

I. 	 Calculate Net Present Worth with different Discount Rates until you have a 

POSITIVE and a NEGATIVE NPW. 

CASH FLOW YEARS 2-10CASH FLOW YEAR 1 

Trial Discount Present Adjusted Present Net Present 

Discount Factor Worth Annuity Worth Worth at 

Rate Year 1 Year 1 Factor Years Trial Dis-

Years 2-10 2-10 count Rate 

i!I. 

Low 

! 1 

Lo);, 

TRINSE'R FROM 

TDR 

T)R 

'1 R ____. 

TABLE 

_______ 

IV. 

IRR 

INTERPOLATE 

Low TDR + 

High 

-Low 

TDR 

TDR x 

NPW at 
Low TDR 

NPW at Low TDR 

+ Absolute Value 

of NPW at 
High TDR _J 

tI - n~. 

'I-,. 

'I')1. 

('AICUATEI = ]+ 
High ''DR, 

- l)w T!DIR 

.UI'W iat ]1,'.;s '11'1 

IR= 

IR =<1 

+ 

N,i', W at ]ti gh TDR 
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ECONOMIC SURVEY A.'D DATA 

fak i sYour s iconid to conu actil economi c analysis of the 
propo-;cd 0r0ujut.
 

Fial:] a.lys;is asked AAter tuhewwe.L] irriqation would he 
attLract '., f itsCae rs, and which of two wl1 des; igis; offered greater 
finanlcl 1l,'nt.ive'. Individual; face financial,clolices defined by 
market pir '-s , these were use tilso prices An finianitl analysis. 

J-'coiori,.i mn.Iysis can differ iniKrAn ways from financial 

1. ''ei su.u c angiesigos;
economicl aa]-is usally considers 
a
 
broader syq Lm than a sin gle farm.
 

2. I)ufAiti:on; of costs and bonefits can chlirge to account
 
for e ffeo:s w,ich are external to a limntod qystem but which cause
 
sig:nirica.'t gaitls or 
losses with in the larger economic .s;ysterm.

('Phis ,,x,,rn:i 
 axdoes not cover aniy external Mffects, hut i t could--an 
exampy.: mightlt,, t he tendeincy of tLuhwell irrigat-ioni to lower tHe 
water tatS, in a region.) 

3. iiiancidl aid economic analys i s ge'nera]ly use different
 
discoun t rat-'.
 

inall-', an
,1. .' coiinomiic lysi: 
often val]ces costs and bienefits
 
by medns otiier than market prices. In class ical ecconomic theory,
 
market: 1wicc:,; 
are re'gardesd as perf ct rtleasuref; of C'cOllolLic values.
 
But "perfect :ompe tin" iK ne.iver seen iinreality. Wihein money
 
prices and ,conomIc values (lit.\ye sioily, sihs]',adow' )r ces may be
 
called for. In th i; 
 e:-: amieu tlhree t ind; or serious pri'e distortions 
affect fiv c f t he inputs andn "utiputs (f tub wel]] irri gation. 

F)rw'i,_jn 1 xc.aKnye,. You are procad y familiar wi t h l idea of 
a currency be(.ing "'ocv.rvaluud"--havinq an official exchange rate
 
that sets:; its vttue too high inirelation to other crrrencies.
 
Ovecvalu.d dom:t: currencyicn;
(ic meanu rvclUaed f-origri exchange.
 
Shadow c'xcha rig'late'; ri !pr"s(.;it.attempt.s to adju:st for foreign
 
exchange dis torti ons. They put a premilurimln fore ign currency
 
(relative to dome.stic r'urricny) in cost-he efit calculations.
 

Suppose the officia] exchange rat" 
 is T.16 = $1, but reliable
 
studiesi idicat.e tHie r,,al valuhe (,f a d] iar i; more l ike T.24.
 
Then the shadow pricing factor for fore.ign exchtiatnge is 24/1.6, or 
1..5. Now the costs of impor;ts rrquiring foreicjr exchange--under
stated in the finanicial arialys is--are corrected in this broader ec
onomic assessme nt, of the t:ubewel.l project. 

Unskilled Labor. Market t:heory his. it that wages are moostly 
determined by a worker's contribut ion to product:ion--if he is 
earning $1.0 for a job, he is Iresumably producing goods or services 
worth at: least $10. Drawing him :iwayI from the job would therefore 
entail, a $10 loss of production. In the real world other factors 
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besides lroduct ivity often set wages--scial iormis about decent 

wages, the principile that.Lpeople should he empl1oyed whether pro
duct. ivly "r 1tt: , un.ion prw.;uro:; , and no on. The sitgnificanco of 

tlhi:; fotr ,coimi analis:;i:; : that a waqo ma' not retflet the roal 
('f:; i~ti '{: , ttlit, ( ,.J, t t-11 o t l], .11-l~~ t f )rt anlt C:( ,t. p u t t . g 

peo( I,1 , .c k 'I ,1 1,1k)j ' '! li,; t owl o I Wl 1t:eV r t 1cy ';t -r. !r viousl y
 

do l 1g. 1he, i uioliel( /y11(tl1t- is hi ( -- i f a wnrkr ii-; drawn from doinq
 
hir work -almoh-2st )t. to nq on a p ro et fhe opjxrtiunit:o cost may 

he clo;( tI)o :ro. ) o;even thoiLY1h a walj( i; p aid, tie ecliornT"ic cost 

of hi'i101 a Workr may he low.r thani the morncy wajo (the flinncial 
cos t ). 

Suppoa th)he :;k i ll. woik,,s; hired foi- hi I I in(. wells.; arc to 
1he pa)id '. I()1)er ,,y. Most- off t:hen, in the absen<ce of the project, 
Would L, t 1n1eYl,_Ill I oyeh . Sup,).o . t'ne rI.l] co:t.--t-he lor;. of 

product ion eolqwhe .--- tjwttinq to work i:; only half of theo tlem 
rrf)1ulte' ['hon. ,. h w w,ijI , ratt.'for tho,;, "oLential wurkersWhe 
is T.15 par day. 

Lt.:; a 

benet.i . To 0collomi;t; t is di;stort;ion . The re are0 arguments.rt 
for iqnjiori71( ;ubs;idies ii 'orxm i: coo t-ene it.anaIlys;i's--sub
tract:inyg ,1)',any :;uohsubsdIt: ff01 i.m0nanci.al and 

.',:;, i,,;. TOTo it re 1 i ) fli , a suL s.tdy i; fi nanic ial 

i h'/ f 1locfits add]ing 
the f.ll i undm0111t of aIy 5111:; -;dij o.. to rilnan1i al cost;; . In thi; case 
threu catwjori 0,; f;tnsI 01t, lijlt:; id i zd:ot ut a; (1 t ,0',.; 

Fe t i .0'? lad !os;t-i I 1 to r:; 1OO.an . ;idp' lr)JI clot t i at 
for a package s uffi-cient for one ap)1l icatin onon acre . The 

actual cost of these chemicals is; T.2(7)0. The dif.ronce -- T.1.00-

is a subsidy frill tite govevrellnlol t Or N"w;,il1ot,' to [armor;. 

Disol Aol to runl tile 1)!),; isIs 5(l115;dizOd. Irrigat:ioiI groups 
will 1-he py T.10 1''r gallon bitI tie qovrlOnmelnt paysreuird.to 


'.20. ''lh f.rncob , 'T.]1U, is till) stlI;; ty 0i p)eto1(0111l products 

for far use.(1)
 

'TJ- (i1t)vIernllnt-l aiso support:s rico prices. Supjose tile 

economic vilue (of a pounld of rice cain he rr']i lbsy estimated at 
'T.0.W9. If farm 1s receiv, T.1i/pound, the economic value ot rice is 
92% of: its market. p1 ice. 

Tabl.e 1' pre:snts these shadow pricing factors and shadoaq prices. 
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TABLE 19 

FINANCIAL SIIADOW SHADOW PRICING 
IT1M UNIT PRICE/TNT' PEIIc/UNIT FACTOR 

Foreign 
Exchange Dollar 1.6 24 1. 5 

Un;ki I l. d Man 
Lahor Day ............ 30 ...... 15 . 5 

Fertilizer Acre/Crop 

and Pe sticide Package 100 200 2 

F e 1 (;a Ion 1.0 20 2 

Rice Pound 1 .92 .92 

SHADOW PRICING 

Applying shadow prices is meant to correct for market imper
fecti.ons and distortions! that make financial cost-benefit relationships 
unreliable guides to economic good sense. The previous section has 
listed the nat-ure and magnitude of the price distortions involved 
here. Now, your task is to take this in fornation and use it to 
adjust the co.;t.; and ,ne fsits project: ed for each well design. 

Since some cot factor.;--inves tment in the wells, and diesel 
fuel for running them--take place at tie ]ove] of the irrigation 
group ra ther than ind.1_vidua.l farmers, Lhis is the level for applying 
shadow pri .en-. So the first step for moving from financial to economic 
analysi is; to expand the.! scale from "p(er-acre" to "per-well." 

In order to rescale the analys;is to cover the command area of 

one well: 

Go to the financial cash flow tables you set up on pages 20 and 21.
 
Multiplgi each item to take it to the per-well scale;
 
Multipl] by 100 for Option 1, and by 80 for Option 2.
 
Enter the new ncaled-up values in the relevant places in tables
 
20 and 21.
 

So far, nothing has changed except the scale. If you calculated 
the benefit-cost ratio or the internal rate of return at this point, 
it would be just th,2 same as in the financial analysis since these 

are relative, unit-for-unit measures. The net present worth would be 
different, though--for Option 1, 100 times as large, and 80 t.imes as 
large for Option 2, since the NPW takes account of scale. 
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__ _ 

'Ab]LE 20 

OPTC)N 1. 
FINANCIAL CASH FLOW 

COSTS AND .NhE.IrS P!ER WELL 

Years From Project Start
 

Without Project Year 1 Years 2 through 10
 

Gross Benefits
 

Gross Costs M/'___.___.
 

Net Benefits 7,........... 


With Project 

Gross Benefits /.nef/t 

InveslmL (pr well.) / ,, 

/NOUs;ual Eu r t iizer and lmsticid-: 

Gross Cs ts... . .-.. ........ .. . 

Net Benefits7 

Chlanacs Due To 'cit 

Inicremenrt al honefit~s 

Ircr uffont a. C'c~t5
 

CASH MLOW
 



TAM:1,1; .1 

01'ITL W
 
I.I, JIUJCTAI, I 1A
t1,O
 

COSTS A I fITi ITS P1:R W-Eij, 

Years From Project Start
 

W i thout Project Year 1 Years 2 through 10
 

GrossBenefits I__OMM/''A 

Gross Costs______ 7; 01 

Ne~t Be nefits .//4X'2 __ //' ____ 

With Prolect
 

G;ross; Bericfits MIMMMMMEM____ 

Cost Compo.ints ) ________ /.,, 

I . I I Lll.... 

1I. / // 

Usual fort i. r .m -es-t :jd / 

E--xtra fort i zer and( 1 n~~ (3 e,~ /,/~ 

Gross ;LK 

Net Beriefits 

Puel (per 1) 

Changies Due To_ Prolect 

Incremental Bcnefits 

CASH II.FLOW 

11.5
 



Now that the scale is right for economic analysis, you can apply 

the shadow pricing factors derived above (pages 41-43) to correct
 

for problems with the market prices of inputs and outputs.
 

TO DO THIS:
 
Go back to the shadow pricing table on page 43.
 

USING
 
*these shadow pricing factors
 
*the per-acre cash flow figures you just calculated
 

*your calculator
 
*and the shadow pricing worksheets
 

Multiply each item by the relevant shadow pricing factor, then 

Enter the adjusted values in the economic cash flow tables 24 

and 25. 

Now you have cash flow estimates that better reflect the economic 
de!sign (assuming the logicrealities affecting this problem of project 

and data behind the system of shadow pricing are valid). You are 

almost ready to compute summary measures. But one more point needs 

to be covei'ed.
 

The financial analysis was keyed to thU fiilanci1i, costs and 

benefits faced by individual farmers. Farmers recei.ved credit lor 

well cooperatives at an interes;t rate ()f 5 percent. This was the 

discount rate used for financial analysis. But thi's .interest rate 

reflects a substantial subsidy element, since tfie (',overninelt heavily 
whethtr tuhewel] irrigationsubsidizes credit to farmers. To decide 

makes economic sense the project desigqners watnt a more rigorou; 

indication of economic efficiency. Thus, you will want to use a 

discount rate that really reflucts the opportunit" ost of investment 

resources. For agricultural projects ini B;.clladeshi, the appropriate 

discount rate is estimated at 10%. 

NOW USING
 
*the economic cash flow tables you Just computed
 
*and applying a 10% discount rate
 

FILL IN tables 26 and 27 to estimate the net present worth of 

each option. 

THI;N USING 
*the economic cash flow figureos 

*and trial discotunt and adjusted aninuity facDos f'om the 

Appendix 

FILL IN tabl.es 28 and 29 to estimate the internal rate of return 

of each option. 
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TABI; 22
 

SMIAIX)W I'IIC]N4(; WORKSHIEET
 

)O1"'I'1ON ]
 

Transfer: information from j;cernario Multipli the financial value 
for breakdowin of well in- hV the slhadow prici.nj factor 
ve.; tme n t: co!;. (pp. - ,)) to qge t- the !conoili c Va Iue. 

Wti en rV) ,;hdow price has beeni 
other co5;t arid beriefit data !;t, u;(. the filnancial value 
from ptr-well finanic.ial :;hadow pl icing factor = 1. 
cash flow (p. 44) 

shadow pi ci n factor.
 

from table 19)
 

GROSS BENEFITS 

Financial Shadow Pricing Economic
Value( of Rice Yield Bene fi ts Factor Benefits 

Without pyoject. and 

Yea r ] w th pro, ec t 

INVESTMENT COSTS 

Financi al Shadow Pricing Economic 
Component. Cost Fact-or Cost 

TOTAl _ _ ___ _ _ _ _ _ 

hvit:hout Project and Year 
I with Project: Fort.ili-
zer and Pest-ici do 

RECURRENT 

Financial 

Cost 

COSTS 

Shadow Pricing 

Fact:or 
Economic 

Cost 

7,ar; 
pl-o j 

opj'lIat 

2-]0 witli 
: tuill) 

iciii 

I rt iI i:',r al/d 

"7 
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TABLE 23
 

SiHADOW PRICING WORKSHEET
 
OPTION 2
 

Transfer: 	 information from scenario Multiply the financial value
 
for breakdown of well in- by the shadow pricing factor
 
vestment costs (pp. 30-31) to get the economic value.
 

When no shadow price has been 
other cost 	and benefit data set, use the financial value 

from per-well financial shadow pricing factor = 1. 
cash flow (p. 45)
 

shadow pricing factors
 
from table 	19
 

GROSS BENEFITS
 

Financial Shadow Pricing Economic
 
Value of Rice Yield Benefits Factor Benefits
 

Without project and
 
Year 1 with project ........... ..... .
 

Years 2-10 	with project
 

INVESTMENT COSTS
 

Financial Shiadow Pricirig Economic 
Component Cost [actor Cost 

TOTAL 	 ....... ... ..... .. . . .
 

Without Project and 
1 with Project: Fert
zer and Pesticide 

Year 
ili-

RECurREN COSTS 

Financial Shadow Pricing 
Cost Fact-or 

Economic 
Cost 

Years 2-10 wit.I 

project : pump 
opera tion 

Fertilizer and 
p st ic. .. . . . 

4,8
 



TABLE 24 

OPTION ].
 

ECONOMIC CASH FLOW
 
COSTS AND BEN!:,FITS PER WELL
 

Years From Project Start
 

Without Project Year I Years 2 through 10 

Gross Benefits 'z7777
 

Gross Costs . .. ___ 

Net Benefits //a 

With Project
 

Gross Benefits //A //!,7 

Cost Components /Z . / / 

Investment (per well) 

Fuel (per weIl) 2 

Usual fort ilizer and pes ticides
 

Extra ferti.lizer and pesticides ' ' ' -


Gro ; Co ;ts ,-,<
 

Ne .. =/'
Beell-fits 


Cli ancies Due TPo Pro iect 

:Increnental B}ne 1t
 

Tllcr .[-,Ilt a] Costs 

CASH FIOW 

419
 



TABLE 2 .
 

OPTION 2
 
ECONOMIC CASH FLOW 

COSTS AND BENEFITS PER WELL
 

Years From Project Start
 

Without Project Year 1 Years 2 through 10
 

Gross Benefits 

Gross Costs 

Net Benefits___ _ 

With Project
 

Gross Benefits
 

Cost Components ___________________ 

Investment (per well)
 

Fuel (per well)
 

a]lil ferti L i zer ain(l pesticides,,
 

Extra fert-i I i.zcr and pe.:;ti cide- -"______ 

Gross Costs 

Net: Benefits _________ 

Changes Due To Project 

Incremental Berrcfi ts 

Incremental Costs 

CAll FL],OW
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TABLE 20 

OPTION I 

NET I'RESENT WORTIi 

Discount Rate 

ANNU[AL PRESENT 

INCREMENTAL INCREMENTAL CASH WORTH OF 
YEAR BENEFITS COSTS FLOW CASH FLOW 

discount 
factor 

2 adjusted 

through annuity 
10 factor 

NET PRESENT WOrTH 

TABLE 27 

OPTION 2 
NET PRESENT WORTH 

Discount Rate 

ANNUAL PRESENT 

INCREMENTAL INCREMENTAL CASH WORTH OF 

YEAR BENEFITS COSTS FLOW CASH FLOW 

1 discount 
factor 

2 adjusted I 
through annuity I 

10 factor 

NET PRESENT WORTH 
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TAfLI,; .H 

OPTION I
 

INTRfAI., RAT: 01 RETRIJ
 

I. 	Calculate Net Present Worth witl different Discount Rates until you have a
 
POSITIVE and a NEGATIVE NPW.
 

CASIH FLOW YEAR I 	 CASH FLOW YE ARS 2-l0 

Trial Discount Present Adju5;ted Present Nut Present 
Discount Factor Worth Annuity Worth Worth at 
Ptt Year 1 Year 1 Factor Years Trial Dis-

Years 2-1.0 2-10 count Rate 

_____ _ __ ____ ___ _ ____ ____ _____ ____ - -. --.-- .-.- --- ..~ .. .... . . ...-.. ... .__ __ __ __ __ __ __ 

If. TRANSFEIR 

Low TI)P 

liqh Dl'I)JP___. 

1411W at 
IJPW at:LowI'igh 

FROM TA.BLE IV. 

IRk 

].TI 

= Low 

AI' 

TD + -

ttigh TDI 
Low TDR x 

rf 

NPW at 
Low T)R 

NPW at Low TIR 
i-/Ah _;olut- Value 

of 111"d at
I'IaTIR: 

IRR 4 

-Liow TIR 

MINWat 1,()w I'D 

+ Adc;< lUIA Value 

of Upw at. 11i 111 TDR 

IRR = 
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TABLE 29 

OPTION 2
 

INTt'ERN!AL RATE OF RI''URIJ 

Rates until you have aI. 	 Calculate Net Present Worth with different Discount 

POSITIVE and a NEGATIVE NPW. 

CASH FLOW YEARS 2-10CASH FLOW YEAR 1 

Trit I Discount Present Adjusted Present Net Present 

) i.; coU I Factor 
Year I 

Worth 
Year 1 

Annuity 
Factor 

Worth 
Years 

Worth 
Trial 

at 
Dis-

Years 2-10 2-10 count Rate 

II. TRANSFER 

Low TDR 

Hih TDR 

Low atI 

FROM TABLE 

1411W 

IV. 

IRR 

atof 

INTERPOLATE 

=Low TDR + 
High TDR

-Low TDR x 

NPW at -I 

Low TDR 

NPW a t Low TDR 
+ Absolute Value 

NPW at 
Hligh TDR 

1J1W at. 
11i qh TI'DR 

IRR =+ x 

II. CALCULATE IRR T O+ x 

TDR IRR =+ Righ 

at Low 

+ Absolute 
of NPW at 

TDR 

Value 
iqh TDR 

IRR aLPW 
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------------------------------------------------------------------------

----------------

"SOCIAL" COST-BENEFIT ANALYSIS: USING WEIGI1TS IN ECONOMIC ANALYSIS 

"Social" cost-benefit analysis tends to be a loosely used term.
 
Sometimes it refers to an economic analysis that takes a "social"
 
perspective on opportunity costs and the value of outputs (as

opposed to a financipl analysis that deal.-.,only with "private" costs
 
and returns). Sometimes "social cost-bene'fit analysis" stands for
 
something broader, and attempts to account for effects'beyond purely
 
economic ones. 

One way--though not the only way--to distinguish between social 
and economic analysis is this: Social cost-benefit analysis incorporate

weights that reflect social 
 value judgments and redefine "efficiency". 
Weights 
are meant to bring social values to bear systematically on
 
project choices. This final part of the exercise shows one way weights
 
can be derived and applied.
 

A "Reciprocal-of-Income" Weighting System .................
Suppose the sponsors of the tubewell project declare a high 

priority for increasing the incomes of the poor. Analysts can provide
 
a formula that quantifies this concern. First, specify the value
 
judgment precisely like this: "Additional income generated by the
 
project is more valuable as the pre-project income of the recipient is
 
lower." Benefits to poor farmers are more important than to richer ones.
 

A formula that fits this declaration is this: Divide 1 by a 
measure based on annual income. This gives the reciprocal of income.
 
Use the reciprocal as 
 a weight; this weight is high for low incomes,
 
and low for high incomes.
 

Computing the Weights 
The project area comprises five thanas. Most of the land in 

the first thana belongs to large owners, many of whom do not work or 
live on the land themselves. In the second, land concentration is 
slightly less, but income is well, above the national average. Most 
holdings in the third thana are farmed by small farmers with incomes 
about average for Bangladesh. In the fourth, incomes are somewhat 
below the national average, and many farmers in the fifth thana suffer 
serious poverty.
 

The following table shows the weights for each thana. 

Table 30National Average Annual Income = 2000 taka 
Weight = Reciprocal


Thana Thana resident's Thana average income I 
average annual. national average thana av. inc./nat. av. inc. 

income income 

1 3000 taka 1.5 .67 

2 2500 taka - 1.25 .8 

3 2000 taka 1 1 

4 1500 taka .75 1.33
5 1000 taka .5 2 
---- ----- 5---------------------------------------
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Applying the Woeight.;
Tae recLproca l formula yields a set of weights for the project 

area that of fect- th projecL sponsor's concern for increasing equity.
 
How do th,:;e we .i (Ji affect the choice of t-ichnolo(y? As Hie scenario
 
noted, for teclhnical reasons--truck-mounted drilling rigs need god
 
roads--)pt ion 1 wells can he drilled only in some parts of the project
 
area. Thel abor-inten;ive equipment used to drill Type 2 wells can be 
used throughout the area. Alternative siting plans for each option
 
have hecii drawn up, revealing the imp.ication; of this tochnical
 
constrai nt.
 

For eaci op tiur , tie dis tribution of the 1001 wells would be: 

Distribution of We'Is Among Thanas 

Thana Number of Wells Under Option 1 Number of Wells Under Option 2 

1 500 200 
2 500 200 

3 0 200
 
4 0 200
 
5 0 
 200
 

Since incomes differ among thanas, tcchnology choice affects income 
distribution. One way of entering this into quantitative cost-benefit
 
analysis is by applying the weights to NPW calculations for the whole
 
1000-well project.
 

The procedure is to take the NPW per well., multiply it by the num
ber of wells in each than", then multiply the total NPW per thana by the
 
thana's distributional weight, ar I sum the weighted NPW for all thanas:
 

Project NPW = per-well NP. x wells per thana x thana weight. 

For Option I: 

Project NPW = per-well NPW x 500 Y .67 (Thana 1) 
+ per-well IJPW x 500 x .8 (Thana 2) 

For Option 2:
 

Project NPW = per-well NPW x 200 x .67 (Thana 1) 
+ per-well NIW x 200 x .8 (Thana 2) 
+ per-well IIPW x 200 Y I (Thana 3) 
+ per-well NPW x 200 x 1.3 (Thana 4) 
+ per-well NPW x 200 x 2 (Thana 5) 

Before filling in the blanks , you must decide which NPW to use. 
There are argurmnts for using the financial NPW for "social' cost-benefit 
analysis (it seems silly to disregard subsidies to poor farmers and then 
apply a distributional ;¢e.ighLt to benefits they receive). But it is 
probably hest to go with the economic NPW, oin the grounds tiiat it 
accounts for economic real.ities of vale anid scarcity and then adds 
this extra cri terion of distribution priori Les. 
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TABLE 31 

Option 1 Urits 1000 taka 

Economic NPW pk.r woil 

Distribution-weighted
 
Project NPW = x 500 x .67 =
 

+ x 500 x . 8 =
 

Option 2
 

Economic 1PW per well] 

bis tri but ) ted,,-w!2~ i 


Project NPW - x 200 x .67 =
 

4 x 200 x .8 


+ x 200 x 1
 

+ x 200 x 1.3
 

+ x 200 x 2
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TABLE 32 

RESULTS OF ANALYSIS 

Wi th 
Distribution 

ALTERNA TI VES Financial Economic Weighting 

BCR NPW IRR NPW IRR NPW
 

taka taka 1000 taka
 

per per per program 

acre well (1000 wells)
 

Capital-Intensive 
OPTION 1 

Labor-In tensive I 

OPTION 2 

SUMMARY 
Go back to each phase of analysis--financial, economic, and "social", 

or economic with di.2tribution weighting, and fill in the matrix above. 

On the basis of your quantitative cost-benefit analysis, what will 
you tell the project designers who want to know whether to start sign
ing contracts for truck mounted rigs, or to start hiring local workers 
to dril i Option 2 wells? 

When you iave settled your own position, turn the page for one 
way of interpret [ig this cost-benefit ialysis and applying it to this 
problem of project design. 
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FINAL NOTES 

Your financial analysis (using market prices that include sub
sidies, and regulated wage and exchange rates) clearly indicates 
Option 1 as the better alternative. If the only project objective
 
is profit for farmers, Option 1 should be chosen. This financial
 
analysis should indicate to project designers that labor-intensive
 
irrigation techniques will be relatively unattractive to the farmers
 
and contractors who will be involved in the project. If planners are
 
serious about promoting labor-intensive technology--in the economy as 
a whole as well as for this project--theyLshould look carefully at.. 
the signals that prices 'give to economic actors, and consider adjust
ing subsidies, taxes, and wage and exchange rate regulations. 

In economic terms, the results are ambiguous. Net present worth 
calculations suggest going with Option I (though the results are close 
enough that error in estimation, maybe even in rounding, could tilt 
it the other way.) This outcome reflects the absolute nature of the 
NPW measure, and the capital-intensive option is simply a bigger proj
ect. The internal rate of return criterion points to Option 2--es
pecially if the cut-off point is set at .5%. This means that, unit 
for unit, the labor-intensive alternative makes nre sense. 

The advice you give on the basis of these results might be this: 

Tlhle best course of action is to go with 3al-)or-intensive wells and, 
since they are more efficient, use the per unit savKigs--the result of 
the lower cQst of Ihese wells--to expand the project beyond the 1000 
wells originally planned. The resources needed to build 1000 Option . 
wells could build a larger number of labor-intensive ones, anid then 
both the IRR and the NPW would be maximized. 

If the scale is fixed, for whatever reason, choose Option 1, since 
1000 of the capital-intensive wells can irrigate 1.00,U00 acres (instead 
of 80,000 acres for 1000 Option 2 wells) and the total net benefits are 
largest with Option 1. 

If the reciprocal-of-income weighting system is used, the results 
are clear--use the labor-intensive option when implem'enting the pr:oject. 
This reflects the technical constraint on drilling Option 1 wells-
they cannot be installed in the poor thanas thdt lac solid roads. If 
the analysis is to reflect concerns for equity, it is unsurprising that 
a project design that would hypass the poorest areas is rejected. 
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Appendices 

A. 	 Discounting Tables: 
DiSCOunt and Annuity Factors 

B. 	 C.,.ipleted Work Tables 



APPENDIX A
 

DISCOUNTING TABLES
 

DISCOUNT FACTOR 

Year 1% 3% 5% 6% 8% 10% 12% 14% 15% 16% 18% 

1 0.990 0.971 0.952 0.943 0.926 0.909 0.893 0.877 0.870 0.862 0.847 
2 0.980 0.943 0.907 0.890 0.,57 0.826 0.797 0.769 0.756 0.743 0.718 

3 0.971 0.915 0.864 0.840 0.794 0.751 0.712 0.675 0.658 0.641 0.609 

4 0.961 0.888 0.823 0.792 0.735 ".683 0.636 0.592 0.572 0.552 0.516 

5 0.951 0.863 0.784 0.747 0.681 0.621 G.567 0.519 0.497 0.476 0.437 

6 0.942 0.837 0.746 0.705 0.630 0.564 0.507 0.456 0.432 0.410 0.370 

7 0.933 0.813 0.711 0.665 0.583 0.513 0.452 0.400 0.376 0.354 0.314 

8 0.923 0.7R9 0.677 0.627 0.540 0.467 0.404 0.351 0.327 0.305 0.266 
9 0.914 0.766 0.645 0.592 0.500 0.424 0.361 0.308 0.284 0.263 0.225 

10 0.905 0.744 0.614 0.558 0.463 0.386 0.322 0.270 0.247 0.227 0.191 

11 0.896 0.722 0.585 0.527 0.429 0.350 0.287 0.237 0.215 0.195 0.162 
12 0.887 0.701 0.557 0.497 0.397 0.319 0.257 0.208 0.187 0.168 0.137 

13 0.879 0.681 0.530 0.469 0.368 0.290 0.229 0.182 0.163 0.145 0.116 

14 0.870 0.661 0.505 0.442 0.340 0.263 0.205 0.160 0.141 0.125 0.099 

15 0.861 0.642 0.481 0.417 0.315 0.239 0.183 0.140 0.123 0.108 0.084 

16 0.853 0.623 0.458 0.394 0.292 0.218 0.163 0.123 0.107 0.093 0.071 

17 0.844 0.605 0.436 0.371 0.270 0.198 0.146 0.108 0.093 0.080 0.060 

18 0.836 0.587 0.416 0.350 0.250 0.180 0.130 0.095 0,081 0.069 0.051 

19 0.828 0.570 0.396 0.331 0.232 0.164 0.116 0.083 0.070 0.060 0.043 
20 0.820 0.554 0.377 0.312 0.215 0.149 0.104 0.073 0.061 0.051 0.037 
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Year 20% 22% 24% 25% 26% 28% 30% 35% 40% 45% 50% 

1 0.833 0.820 0.806 0.800 0.794 0.781 0.769 0.741 0.714 0.690 0.667 

2 0.694 0.672 0.650 0.640 0.630 0.610 0.592 0.549 0.510 0.476 0.444 

3 0.579 0.551 0.524 0.512 0.500 0.477 0.455 0.406 0.364 0.328 0.296 
4 0.482 0.451 0.423 0.410 0.397 0.373 0.350 0.301 0.260 0.226 0.198 

5 0.402 0.370 0.341 0.328 0.315 0.291 0.269 0.223 0.186 0.156 0.132 

6 0.335 0.303 0.275 0.262 0.250 0.227 0.207 0.165 0.133 0.108 0.088 
7 0.279 0.249 0.222 0.210 0.198 0.178 0.159 0.122 0.095 0.074 0.059 
8 0.233 0.204 0.179 0.168 0.157 0.139 0.123 0.091 0.068 0.051 0.039 

9 0.194 0.167 0.144 0.134 0.125 0.108 0.094 0.067 0.048 0.035 0.026 
10 0.162 0.137 0.116 0.107 0.099 0.085 0.073 0.050 0.035 0.024 0.017 

11 0.135 0.112 0.094 0.086 0.079 0.066 0.056 0.037 0.025 0.017 0.012 

12 0.112 0.092 0.076 0.069 0.062 0.052 0.043 0.027 0.018 0.012 0.008 

13 0.093 0.075 0.061 0.055 0.050 0.040 0.033 0.020 0.013 0.008 0.005 

14 0.078 0.062 0.049 0.044 0.039 0.032 0.025 0.015 0.009 0.006 0.003 

15 0.065 0.051 0.040 0.035 0.031 0.025 0.020 0.011 0.006 0.004 0.002 

16 0.054 0.042 0.032 0.028 0.025 0.019 0.015 0.008 0.005 0.003 0.002 
17 0.045 0.034 0.026 0.023 0.020 0.015 0.012 0.006 0.003 0.002 0.001 

18 0.038 0.028 0.021 0.0.8 0.016 0.012 0.009 0.005 0.002 0.001 0.001 

19 0.031 0.023 0.017 0.014 0.012 0.009 0.007 0.003 0.002 0.001 0.000 

20 0.026 0.019 0.014 0.012 0.010 0.007 0.005 0.002 0.001 0.001 0.000 
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ANNUITY FACTORS 

Year 1% 3% 5% 6% 8% 10% 12% 14% 15% 16% 18% 

1 0.990 0,971 0.952 0.943 0.926 0.909 0.893 0.877 0.870 0.862 0.847 
2 1.970 1.913 3.8F9 1.833 1.783 1.736 1.690 1.647 1.626 1.605 1.566 
3 2.941 2.829 2.723 2.673 2.577 2.487 2.402 2.322 2.283 2.246 2.174 
4 3.902 3.717 3.546 3.465 3.312 3.170 3.037 2.914 2.855 2.798 2.690 

5 4.853 4.580 4.329 4.212 3.993 3.791 3.605 3.433 3.352 3.274 3.127 

6 5.795 5.417 5.076 4.917 4.623 4.355 4.111 3.889 3.784 3.685 3.498 
7 6.728 6.230 5.786 5.582 5.206 4.868 4.564 4.288 4.160 4.039 3.812 
8 7.652 7.020 6.463 6.210 5.747 5.335 4.968 4.639 4.487 4.344 4.078 
9 8.566 7.786 7.108 6.802 6.247 5.759 5.328 4.946 4.772 4.607 4.303 

10 9.471 8.530 7.722 7.360 6.710 6.145 5.650 5.216 5.019 4.833 4.494 

11 10.368 9.253 8.306 7.887 7.139 6.495 5.938 5.453 5.234 5.029 4.656 
12 11.255 9.954 8.863 8.384 7.536 6.814 6.194 5.660 5.421 5.197 4.793 
13 12.134 10.635 9.394 8.853 7.904 7.103 6.424 5.842 5.583 5.342 4.910 
14 13.004 11.296 9.899 9.295 8.244 7.367 6.628 6.002 5.724 5.468 5.008 

15 13.865 11.938 10.380 9.712 8.559 7.606 6.811 6.142 5.847 5.575 5.092 

16 14.718 12.561 10.838 10.106 8.851 7.824 6.974 6.265 5.954 5.668 5.162 
17 15.562 13.166 11.274 10.477 9.122 8.022 7.120 6.373 6.047 5.749 5.222 
18 16.398 13.754 11.690 10.828 9.372 8.201 7.250 6.467 6.128 5.818 5.273 
19 17.226 14.324 12.085 11.158 9.604 8.365 7.366 6.550 6.198 5.877 5.316 
20 18.046 14.877 12.462 11.470 9.818 8.514 7.469 6.623 6.259 5.929 5.353 
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Year 20% 22% 24% 25% 26% 28% 30% 35% 40% 45% 50% 

1 0.833 0.820 0.806 0.800 0.794 0.781 0.769 0.741 0.714 0.690 0.667 

2 1.528 1.492 1.457 1.440 1.424 1.392 1.361 1.289 1.224 1.165 1.111 
3 2.106 2.042 1.981 1.952 1.923 1.868 1.816 1.696 1.589 1.493 1.407 

4 2.589 2.494 2.404 2.362 2.320 2.241 2.166 1.997 1.849 1.720 1.605 

5 2.991 2.864 2.745 2.689 2.635 2.532 2.436 2.220 2.035 1.876 1.737 

6 3.326 3.167 3.020 2.951 2.885 2.759 2.643 2.385 2.168 1.983 1.824 

7 3.605 3.416 3.242 3.161 3.083 2.937 2.802 2.508 2.263 2.057 1.883 
8 3.837 3.619 3.421 3.329 3.241 3.076 2.925 2.598 2.331 2.108 1.922 

9 4.031 3.786 3.566 3.463 3.366 3.184 3.019 2.665 2.379 2.144 1.948 
10 4.192 3.923 3.682 3.571 3.465 3.269 3.092 2.715 2.414 2.168 1.965 

11 4.327 4.035 3.776 3.656 3.543 3.335 3.147 2.752 2.438 2.185 1.977 

12 4.439 4.127 3.851 3.725 3.606 3.387 3.190 2.779 2.456 2.196 1.985 

13 4.533 4.203 3.9.2 3.780 3.656 3.427 3.223 2.799 2.468 2.204 1.990 

14 4.611 4.265 3.962 3.824 3.695 3.459 3.249 2.814 2.477 2.210 1.993 

15 4.675 4.315 4.001 3.859 3.726 3.483 3.268 2.825 2.484 2.214 1.995 

16 4.730 4.357 4.033 3.887 3.751 3.503 3.283 2.834 2.489 2.216 1.997 

17 4.775 4.391 4.059 3.)10 3.771 3.5.8 3.295 2.840 2.492 2.218 1.998 

18 4.812 4.419 4.080 3.928 3.786 3.529 3.304 2.844 2.494 2.219 1.999 

19 4.843 4.442 4.097 3.942 3.799 3.539 3.311 2.848 2.496 2.220 1.999 
20 4.870 4.460 4.110 3.954 3.808 3.546 3.316 2.850 2.497 2.221 1.999 
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APPENDIX B 

COMPLETED WORK TABLES 

TAAIL|; 11 

OPTION I 

FlUANC AI, (', IIOW 

COSTS AND if.1 f IT; P:P ACI 

Years From Project Start
 

Without Pro)e Year 1 Years 2 through 10 

+ 
Gross lh'nr i ts! 800}( 0 

roS Cosit
r, 

100 100 

let Ilene f t ._ 700 700 

With Projrectt.. 

_ 'gCross fl.... fit - ).._ 2,000 

Cost Ccmmwnnts
 
lnwverMnLt ([t r-ac'r,: w,,ll cow;t) 0,71(
 

F il -ri, -a re r , ,) (I . 1 0 

t 1 ef I ts - - 1 Jlt) 1, 

Shanstt; T- ",','7 

In.rn.eriti-1 0 1.200 

IncLreperlt aI Co, L 2,6)00 200 

C.OII lJW -2,600 1,000 
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TAIIIE 12 

OPTIMi 2 
FINAUCIAL. CAFH F|'VW 

COSTS AND BMNEI'ITS PER ACRE 

Years I'm Vro~ect rtart 

Year I Years 2 through 10
Without Project 

Gross benefits 800 -- 0 

Grosr.Costs 100 100 

700Net nefits 700 

With Proiect 

Gross lienefts 0PO000 

COSt Co~nen tscart 

InveIitnsmrlt (Qxr-acri-wi l co.t) 1,00f) 0 

Fuel (lsr-acc . share) 0 00 

UsuaL fertilj.,wr .and [st.i',ih 100 -100 

- -------- -- .. .......
 - ... --


I cr etntal Ie .t . .. ..
 

200Incre.cti1 CostS 3,000 

CASH-3,00 1,000 
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TABLE 13 

OPTION 1 
BENEFIT-COST RATIO 

Discount ELte 5' 

WII'T-IMOF WORTHor 

I ?ICPJ l ATTL 
COSTS CFL0T. 

I ICV'1. 
-'TS 

INC.E-M:TAI, 
BE2HEFITI 

1 Idincouflt 
factor *95 2600 

700 
2,40 0 0 

2 

t-hro gh ]anuilty (,.77 009 1, V,4 1,201)6,2 

10 I actor I 

T otal ",.1, 8, 12 4 

Pre,,ent Worth of 
liIt {ental h ene fits 

BENEFIT/COST RATIO 
Present Worth of 
Incie:ne toal Costs 

3,824 

- 2.12 

TABLE 14 

OPTION 2 
BEvEFIT-COST RATIO 

Diunount Rate 5% 

PF:! -T PRESENT 

YEAR WZ3R'.1I1OM WRT OF 
INCRErTAL IT P-MI rAL INCRF.?ENTAI. I NCREMTA!, 

tCOTS COSTS BENErITS BENEFITS 

I .dv.cunt 
factor .95 3,000 2,850 0 0 

2I 

through 1-'a.uity :6.71 200 1,354 1,200 8,124 

10 1fhtor 

.Total 4,0 8,124 
Present Worth of 

Incremental Benefits 
B1,31EFIT/COST RATIO -

Present Worth of 
Incremental Costs 

8,124 

4,204 

1.93 
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TASLE 15 

OPTION I 
NET PESM41 OI l)H 

Discount Rate 5% 

IN FIHI~rA ANNUAL. PRESENT 
it -__ L INCI'. NTAL CAShI WOITh OF 

YEA, I-N TS 070T.; FLOW CASH FLOW 

1u dIsru I 

factor .95 0 2,(.W) -2,600 -2,470 

throuyh .Imui ty 6.77 1,200 200 1,000 6,770 

10 factor 

L PRESEN'r W(JIO-I 4,300 

TABLE lb 

OPTION 2 

NET PRESENT WORTH 

Discount Rate _ _ 

INCP -12-NTAL CAhl I 

YEAR l-.l:1 FI'; Co.;Ts FLOW 

df 't o~ 11 3,0000 - 0 

Lf'r)qh p1.* ty 6.77 1,200 200 1 ,0r, 6,770 
10 flctrj 

NET PRESENT 8,920 
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TABLE 17 

OPTION 1
 
DITERILAL RATE OP RETURN
 

I. 	 Calculate Net Prewent Worth with different Dia.u,,t PtatcS until you have a
 
POSITIVt: and a WL!:Arl'.,: 1t1W.
 

I,000CLSH MlOWyL.I -2,60O CA!;H I'M1W YL.AI; 2-1 , 

Trial Ii ;cour t P'r, nt Ad)ut ,,td Present Net Present
 
DiIcom t 1',: tor W,r th Anu i t y Worth Worth at
 
Rate Y,,ar t YAr I [a, I r YIrs Trial Dis

Y.,,.r , 2-t0 2-10 count Rate, 

10% .91 -2, 166 .24 5,240 2,074 

20% .) 3 -2,151 3.3, 3,36(0 1,202 

301 .77 -. FI' 1 	 2,03'1 319 

351 .74 -, 924 1.97 1,970 46 

40% .71 -1,146 1.7 1,700 146 

It. tlq1;( 1l 14l', TMtLF IV. IN1T.NRIIATU 

Htight I DR NI at 
Lo. TOR ]' IRN '1w TDR 4 - T ToTIw x - LOWIT'll 

NPWat IL)w TDIP 
t i .... 1' ...... . 1+ Abnolute valu 

Up 	 tof NIV lit | 
T:) 	 -+ Iligh 'IT)R _ 

1w at 	 IRR - + x 46l ql ,-16t,l 	 R 33 

- - -192 

]III. CAI/j:1,TI' 	 llR .-. 35 5 x .24 

High TOR IRR - 35 + 1.2 
- .- a 't"OP _____ 

NPW at 1-1:R 	 IRA - 36.2 

* Al',,Iu( r"V , 

of NPWat Ili'l, .. R 192 
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TABLE 18 

OPTION 2
 
INTERNAL RATE OF RETURN
 

1. 	 Calculate Net 1-renrot Worth with dif elent ilscount Wates until you have a 

POSITIVE and a Ni(ATII; NFW. 

CASH 11Fkh YEAR I -J,000 CAL1FFLOW YKARS 2-10 1,000 

TrL: Discount Present Ad jsted 	 Present Net Present 
Worth Worth atWorti
Discount Factor 	 Annukty 


1 Year 1 	 Factor Years Trial Lis-

Years 2-10 2-10 count Rate 
Rate Year 

10, - _273() '.24 ",,"4) 2,510
 

20% _ .8 . - 2,49. . 36 - 3 , r 670
 

0%. .. . 7/ -. ,310 .. 3.. ___o
 

35. .. . . ....	 15-;9W.. 2
 
[....... !............. 1 ............
 

L........... .... L.1- _
 

INTEPOLATE NIMWat "-III. TPANSFER F UM TMIOX IV. 	 lo- TD-[t ":2 
w - . a -8 'W at. F/,' TIP
 

l,' . "I1 . . . . _/_ ... ... of IW At 4
1/ oIx VhF 4 L w TDO 
l ."w ....... 


26 i -

3)1.). T/lR -25 

M/Wat 	 I I__ ~ -I - 10 ] 

+FI *F~~,,711. CA,11'T!J,7l: 

FHsjh TM,' 	 It/P - 30 . .19 

_n._Ni at ,:- ,::._, ,,. : 
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TAErL 20 

OPTION 1 
FINANCIAL CASH FLOW 

COSTS AND BENEFITS PER WELL 

Years rrom Project Start
 

Without Project Year I Years 2 through 10
 

Gross Benefits 80.000 80,000
 

Gross Costs 10,000'. " 10,000 

With Project _ _" 

Gross Benefits 83...8,000 '" 200,000 

- " 
Cost Co .onents , ,; 

Invest nt (per well) 260,000 ''... 0 ,,, 

Fuel (per well) 0 ,, . 0,00n , 

Usual fertilizer and pesticides . 0,00 '10,000 ', 

Extrd fertilizer and pesticides 0 v . 10,000 /, 

Gross Costs 270,000,, -, 0,0030,000 

Net Benefits 170,000 

Changes Due To Proji ct 

Incremental Benefits 0 120,000 

Incremental Costs 260,000 20,000 

CASH FLOW -260,000 100,000 

TABLE 21 

OPTICN 2 
FINA|JCIAL CASH FLOW 

COSTS AND uF:NI:1IT;PER WELL 

Years From Project Start
 

Without Project Year I Years 2 through 10 

Grass Blenefits 64,000 .. .1 64,000 

Gross Costs 8,000 . , ;Z. 0,000 

Net Benefits .'"" ."' : 56,000 56,000 

With Project 

Gross Benefits 64,000 "'RE, 160000 

?L.,
Cost Comonents ;oY,,, , ,
 

0/,.0Investzent (per well) 240,000 

Fuel (per well) -,000 " /";"-" 8,000 ,§ . 

Usual fertilizer And pesticides 8,0 ,-.--,8'..... ',,.,... 

___________000 __ ,00 _ 

Extra fertilizer and pesticides ____ -0 .. ,, 

Gross Conts i '/. ' // 25 ,00 ' 24,000 

Net B e nefit s __19
2_ _1_0
 

Changen Due To Prolact
 

Invzemental Benefits 
 0 96,000 

Incre..ental Costs 248,000 16,000 

CASH I'LwW L -24.8,000 80,00 
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TABLE 22 

SADOW PRICING WOFILSHEXT 
OPTION I 

Transfer: information fron scenario Aiulrtply the financial value 
for breakdown of wall in- by the shadow pricing factor 
vwet:ment costs (pp. 29-30) to got the economic value. 

When no shadow price has bean 

i other cost and benefit data aet, use the financial value 
from *r-wil financial shadow pricing factor - 1. 
cash flow (p. 44) 

shadow pricing factors 

from table 19 

CM$S5 BEPJEFrT5 

Fliiancial IShadrow Pricing Economic 
Value of Rice Yield DenLfit Factor Benefits 

Without project and 
Year 1 vtto u.ect - - - 0 ) .92 73,600 

Yeart._ 
2 

-1( wl tLL ,_w 200.000 .92 184,00 

IUVEOTM)NYT COST 

Fmancial hadow Pricing Lconumi, 

C-1,ontn... (o r t Factor Cost 

j_ ] sOImlrtco e(;i plcnrt 1(00 1 .' 191j.00 

k'ozvi- ; C.:,trdr-tor, 410 
) 

., 6C,1000 

.k.1,'' t *';.11;c.ll;t 1 30,00 

O;kll,.)l 1. *,, I , r _ AI.115 I ,50O00 

Ow,,k 1,l1 d ....:tt 1_,x -.rh 0'P, ,Oml) 

'11(: Al 0)(,340,0001 

an(dY,- I Ws J C"!hrit act or Con t 
Io clut: fert, II
ztrram I t ,,'I, 11,1; : 20,(10 
Y,.dar 2-10 .1-th 

pao '- (i . pamp 10, 061 2 20,10 

lerti II ~ j 2 40,001,aheT 20.0001) 
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--------------------------------------- ---------------------- ------- ------

TABLE 23
 

SILADl, PRICING WORKSHEET
 
OPTION 2
 

Trasfer: 	 information from scenario ult.iply the financial value 

for breakdown of well in- by the shadow pricing factor 

vestment costa (pp. 30-31) to get the economic value. 
When no shadow price has been 

other cost and benefit data set, use the financial value 

from per-well financial shadow pricing factor - 1. 

oash flow (p. 45) 

shadow pricing factors 
from table 	19 

GROSS BENEFITS 

Financial Shadow Pricing Economic 

Value of Rice Yield Benefits Factor Benefits 

Without project and 
.92 58,880Year 1 with project 64,000 

.92 147,200
Years 2-10 with project 160,000 


INMMSTMENT 	 COSTS 

Financial Shadow Pricing Economic
 

Component Cost Factor Cost 

Imported equiprent 50,000 1.5 75,000 

Foreign contractors 20,000 1.5 30,000 

Domestic equitmwnt 100,000 1 100,000 

Skilled domestic labor 40,000 1 40,000
 

Unskilled domeostic labor 30,000 .5 15,000
 

260,000
240,000
TOTAL 


RECURRENT COSTS 
Without Project Financial Shadow Pricing Economic
 

and Year I With Coot Factor Cost
 

Project: fertili

zer and pesticide 8,000 2 16,000
 

Years 2-10 with 
8,000 2 16,000project: pump 


operation
 

2 32,000
Fertilizer and 16,000 


pesticide
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TABILE 24 

OPTIOI 
EIONOMIC CASH FWW 

COSTS AND BENEFITS PER WELL 

Years From Project Start 

Without Project Yqar I Years 2 through 10 

Gross llenefits JZ+]+,,73,600 "''.,i1 73,600 

Gross Costs ;::,';; 20,000 ''- 20,000 

Net benefits 53,60536,600 

With Project _ _ 

Gross Benefits i.w, 73,600 184,000 

Cost Components 4 i /<X" 

Investment (per well) 340,000 

Fuel (per well) 
 20,000
 

Usual fertilizer and rwesticides 2000 . 2000 

Extra fertilizer and pesticides 20,000
 

Gross Costs 6060,000
 

060 124.000
Net Benefits 


Changes Due To Project
 

Incremental benefits 0 110,400
 

Incremental Costs 
 340,000 40,000 

dis1 OWw -340,000 70,400 

TABIJ:15
 

OlTION 2
 
ECONOMICCASH FLtOW 

COSTS AID BENIXITS PER WELL 

Years Trom Project Start
 

Year I Years 2 through 10Without Proiect 


G ros s B e n e f i t s + ,+"' /& 5 8 ,8 80 - -. - 56 , 8 8 0 

.;:. IG;..l,OOO 1!;6,000

1 0
Gross Costs :.j*,_.4-./.),j 01 


Het ~ ,jBeneftiLi-.,Net eneit ~ ,, :. ~ ' 42,880 42,800 

With Project
 

Gross Bene~fits 8,1017,2no 1. 

V+:";
cost Co.npne.nts ;' '" '+? /1",+ ]z ]+.:. 

Invcstzsjnt (per well)20,0__
 

Fuel (per well) ; ] 16 000 ,
 

Usual !,,rtilizer and r.-ticlde 16,000 '6,.000o
 

Extra fert-lizer and l-s;tcido3 __ -_____-. 6,000 __,.. 

•1,006000 4,000
 

Gross Co".ts ', 276,000 . 4..000 

Net enofits / ,/ , 200 

Changes Due 7o Proiect 

0 88,320Increme'ntal Benefits 

Increr ntal Costs 260,000 32,000 

H 1 -260,000 56,320 
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TABLE 26 

OPTION 1
 
NET PRESENT WORTH 

10% Units T.,O000Discount Lte 

I AMUNJAL PRESENT 
INCRENTAL IIICRI:KMDTAL CASH 1.lJRT1I OF -|EA BIZ5"ITS COSTS FfLOW CASH FLW 

1 discount 
factor .91 0 340 -340 -309 

2 adjusted
 
through annuity 5.24 110 40 70 367 

10 factor
 

N'T PRESENT WOIrH 58 

TABLE 27 

OPTION 2
 
NET PRESENT WOITH
 

Discount Rat4 10% Units T.1,000 

1 PRESENA*R'AL 
INCREENTAL INCREMENTA. CASH WORTH OF 

__EAR ]RISIEFIT5I COSTS FLOW CASH FLOW 

I Idiscount 
factor .91 0 260 -260 -237 

2 adjusted
 
through awnuity !.24 8832 56 293
 
10h factor
 

NET PRESEN'r WO'H 56 
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TABLE 28 

OPTION 1 
INTERNAL PATE OF RETURI 

Unit,1 T.1,ODO 

I. 	 Calculate Net Present Worth witl different Djiscount lMEi until you have a
 

PGSITIE and a NEL.AT:VE NIW.
 

FLOW YEAH 1 -340 CASH FLOWYFAPS "2-10 70CASH 

Trial Di scount Present Adjusted Present Net Present
 

viscount Factor Worth Annuity Worth Worth at
 

Rate Year I Year 1 Factor Yr sra Trial Dis-


Years 2-10 2-.0 count Rate
 

.11 -3o9 5.24 	 5367510% 

15% .87 -296 4.15 1 29r - 6 

I_-__ 

I7ZIIIL! ...7.IL. 
_ 

II. TRINSFER F'V.)9 'lAIQY; 	 IV. INTEIdOl.ATI; r NPW at 
[Rlligh Tw 71p. 

of 1:'I at!P~h 7P" .... U .......	 4 Absolute Value|
 

Iligh TiR J111W at 
_ 

__ .. -5 .!x 	 T2 - fl 

L 64 

4 [Xa~ 
Hi(tIl I - 10 i 4.55 

- 1',. TI .. 

Ill. CALCJIr: 	 ipy 1. l 

I NWat 1rl11tH 	 ]P', 14.5 
4 AMri1ot Vl1Ue 

of tmi'Wat tv. T7? 64 
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TABLE 29 

OPTION 2
 
INTERNAL RATE OF RETURN
 

Units T.1,OO0 

1. 	 Calculate Het Present Worth with different Discount Rates until you have a
 
POSITIVE and a NEG.ATIVl..tW.
 

CASH FLOW YEAR _ -260 CASH FLOW YEARS 2-10 56 

Trial Discount Present Adjusted P.1esent Net Present 

Discowut 'actor Worth Annuity Worth Worth at 

Rage Year 1 Year I Factor Years Trial Dis-
Years 2-10 2-10 count Rate
 

j -226 4.15 23215% .87 

.83 -216 3.36 188 -28]20% 


11. 	 TPAOMSER FROM TAILE IV. INThHRIOLATE NPW at ]
High TDR Low TDR 

low TDR _ 15 I I - Low TDR 4 Low TDR x NPWat ow TDR 
pi TL 20 Al ,.;olute Value[
!!i.9!,' R 2.of 	 HFw at { 

111W at LHigh TDR 
Low TOR 6 

PW at IR "- 15 	 + x 6 _ 1 
Hialh T['l 2L 

]21!. cA I.ArE 	 -- 15i F .8 

ligh 17R 	 I RR - 15 . q_ _ 
_-low .... . 5_ _ 

IRR 	 - 15.9NI'W at lw TDR 
+ Al'olute Value 
of N Pl1W igh R 34at T 
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TABLE 31 

Option 1 Un its 1000 taka 

Economic MW pur well 58
 

Distribution-weighted
 
Project NI'Y 5O x 500 x .67 - 19,430
 

+ _ 8 x 500 x .8 23,2u0
 

- 42,630
 

Option 2
 

Economic 11W IL*r w.l 56
 

Distribut i u-we i ght ed
 
Project NIW _ 56 x 200 x .67 - 7,504
 

+ 200 .x 8,960M x 


+ 56 x 200 A 1 11,200
 

+ 56 , 200 X 1.3 - 14,560
 

+ 56 X 200 x 2 22,400
 

- 64,624 
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