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INTRODUCTION

Cost-berefit analysis, as a tool for project design and appraisal,
brings togetheyr cconomic principles, empirical data, and quantitative
techniques te produce organized, clear, and easily-understood esti-
mates of a project's value. 'The videotape portion of this module, and
the readings, covered the ecconomic (and other) principles behind cost-
benefit analysis. The data are specific to cach project: finding
information--the hardest part--is up to you (or the analysts working
with you). This workbook deals with the third part--the quantitative
procedurcs, the mechanics of cost-bencfit analysis. They are fairly
simple, and this workbook will pose few serious challenges, even if you
are not accustomed to doing calculations (although it will probably go
faster if you are.)

The workbook is an integral part of the medule. Understanding
the mechanics helps to put cost-benefit analysis into perspective, and
will improve your ability to Fnow when to have an analysis done, and
judge just what you have when it's finished.

Contents  This workbook has two main parts. Together, they form
a sequence that fivst introduces you to the mechanics, and then lets
you develop o little exportisce in applying them. When you have finish-
ed you will know how to construct a cash flow projection, how to dis-
count future costs and benefits, and how to compute a project's net pres-
ent worth, benefit-cost ratio, and internal rate of return. And you will
have a solid understanding of what these things mean.

The first part introduces the procedures needed to do a cost-ben~
efit analysis., Hach procedure is covered in a short section that gives
the purpose, the data reguirements, and the results. The necessary
formulas and abbreviatio:n: are explained and illustrated. Special
workshects tha* speed and simplify the procedures are introduced here,
and step-by-step instructions show how to use the worksheects and form-
ulas to do the mechanics. Then, unce ecach procedure is explained, you
geb a dry run through it using a simple fictional example--a tractor
project in the country of "Temasak . "*

*The procedures and the Temasak tractor case are based on materials in
PASITAM's "toolbook" by Peter Delp and his assocliates, Systems Tools
for Project Planning (PASTTAM, 1977)



The second part is a case study that lets you use what you've
learned and do e cost-benefit analysis of an irrigatio»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 essier 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, o1 in small grou; . You should do the work
in two sessions; they will probably take one to two hours for the pro-
cedures, and two to four hours for the case exercise. Do not hesitate
to go back to the first section to firm up your grasp of a procedure
if you get sruack in the case exercise. The results of each stage of the
exercise arc provided; you should check the answers as you go along, so
a mino~ mistake in arithmetic or transferring data won't cause problems
as you go through the case study.

A Cautionary Note

This workbook shows how the basic technical aspects of cost-
benefit analysis work. It does nol present a special methodology. fHor
does i1t deal with the non-technical dimensions of cost-benefit analysis--
and these aspects, as the other materials have cmphasized, are the most
challenging. The purposc here is to make the mechanics completcly clear
to you, so that you can concentrate on the more important dimensions of
e¢conomic cholces.

The videotape program and the reader have shown how important--
and how inescapable-=judgments and predictions are for any cost-benefit
analysis. This fundamental fact should be kept in mind--it puts the me-
chanics in perspective.

Go to ic!
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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 the project's benefit-cost ratio
—-—estimating the project's internal rate of return

Each procedurc is presented in a section that follows this struc-
ture:

1. The procedurc 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
procedurc 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 overull, organized picture of the costs and benefits a
project is expected to cause over its estimated lifetime.

Highlight neqgative cash flow years that might affect the project's
financial viability.

Provido tue basis {or calculating the net present worth, benefit-
cost ratio, and internal rate of return.

TERMS AND DUFINITIONS

Incremente ! costs and benofits are the changes caused by the project--
the difference between the situation anticipated without the preoject and
what is expected with the project. Incremental values are computed by
subtracting the without project costs and benefits from the with project
costs and benefits.,

The annual cash flow is the net lLacremental benefit for cach year
of the project-—-the difference between incremental benefits and incremental

costs.

Do not be mislead by the term "cash'" flow. Only in financial cost-
benefit aralysis are costs and benefits limited to cash figures. As the
sideotape program and reader have shown, cconomic analysis cfiten includes
inputs and outputs whose worth is measured indirectiy or through shadow
prices that correct cash values. The label "cash flow" is an accounting
term held over in cconomic cost-benefit analysis.

REQUIREMENTS

Conslructing the eash [low requires estimates of the costs and benefits
expected to ocour cach year in two different scenavios: without the project

and with 'he project. (Hote that "with" and "without" are not necessarily

the same as "bhefore” and "cfter.")

RESULTS

A completed cash rlow table gives an organized pattern of costs and
benefits that can be used directly for evaluating choices. For cxample, if
a cach flow in some year is negative, the project may have to be redesigned,
or credit may have to be arranged. But more importantly, the cash flow
projecltion catablishes a basis for discounted measures of cconomic sound-
ness--the benefit-cost ratio, net present worth, and internal rate of return.

ASSUIMPPIONS

Corstructing a truly complete cash flow projection requires that all
the project 5 costs and henefits be ddentified, quantified, and expressed
in comparable monetary units. Tf any are omitted, the cesh flow is in-
conclusive. hvery cash Elow projection is incomplete in some ways. The goal






Without Project

Gross Benefits

TABLE 1
CASH FLOW

Years From Project Etart

Year 1

Years 2 through 10

160

© 160

§£pss Costs

W 100

With Project

Net Benefits 60 60
-
%fé// /é%é% 360 360

Gross Bencfits

Cost Components

Tractor purchase 500 / - Z 7
Operation and maintenance 50 //%///% 50 ;%///57//////}//4
Production costs 130 %//7,///% 130 ////////%

Gross Cests

7

680

Net Benefits -320 180
Changes Due To Project
Incremental Benefits 200 200
Incremental Costs 580 80
-380 120

CASH FLOW
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3. Estimate gross annual costs and benefits (Sec Table 1)

3.1 Estimate the cezts and benefits which would occur without the
project. knter che -:stimates into the cach flow table.

3,2 Estimate the costs and benefits expected to occur with the
project, and onter these estimates in the table.

4, Compute incremental costs and benefits

4.1 For cach year, subtract the "without proiect" gross benefits
from the "with project” gross benefits. The remainder is the
incremental benefits: Enter this value in the table.

4.2 For cech ynar, subtract the "without project" gross costs from
the "with project" gross costs. The remainder is the inc:emental
costs: Enter this value in the table.

5. Compute the annual cash fFlows

5.1 Subtract the incremental costs frcem 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 Y 100 per year on
land preparation, cultivation, secd, and other production costs. (4 = Unis,
the Temasek national currency.) The annual harvest brings him ¥ 160, so
his net yearly profit is ¥ 60.

The Ministry of Agriculture wants to introduce small walking tractors.
Technical analysis suggests that owning a tractor would enable the farmer
to cultivate more intensively and increase his annual production by 225%.
This would lead to anmual benefits of Y 360, with corresponding production
costs OF ¥ 130. A tractor costs the farmer ¥ 500 as the initial investment,
and ¥ 50 cach year for operation and maintenance. The ostimated life of
the tractor is ton years, with no salvage value.

The Ministry of Agriculturc field scaff prepared a financial cash
flow table taking the farmer's point of view. The field staff's financial
analyst notod that in the first year the farmer would face a negative cash
Flow of V¥ 380. Thercfore, nost farmers would need financial assistance
to purchase tractors. But for cach of the next nine years, cvery partici-
pating farmer would realize an annual cstimated cash flow with the project
¥ 120 greater than without it. This suggested the financial feasibility
of promoting tractors in Temasck, 1f investment credit is provided teo
cover the first-year capital cost.



2. DISCOUNTING

The sccond procedure takes account of the effects of time on relative
values. Here is a detailed description of the terms and technigques of
discounting.

PURFOSE

Discounting future cosis and bencfits is a systematic procedure for
dealing with the greater perceived value of costs and benefits close to
the present relative to costs and benofits further in the future.

Discounting introducves time proference  into project appraisal. The
"time value” of resources can hoe a significant consideration when compar-
ing two competing proijncts cach of which would tie up limited resources,
Or two projuects with digssimilar time patterns or costs and bencfits,

The basle aim Is Lo determioe the equivaient prosent worth of
costs and benefits oxpectoed at di fferent times, Lo establish a common,

uniform basis Tor comparing them.

TERMS AND DEFINITTONS

Present worth (PW) is the value today of an expected future cost
or bencfit,

The discount rate (DR) is a percentage that reflects tho declining
value oF costs and benefics as they become more distaae in time; the

discount ralte cquatces future and present. worihs,

A diceconnt ractor (DF) is g decimal Craction hetween zero and one.
Discount ractors are computed with an vquation that brings together the
discount riate and the number of vyears troom the present the payment occurs.
Future costs and henefits are raltipliced by the discount factor to
determine theivy present worth,

Al anraurlty 15 a series of identical annual payments (costs, benefits,
or cash flows).

An annuity factor (AF) is a "composite" discount factor. It is a
shorteut for discounting an annuity.

An adjusted annuity factor (AAF) is used to calculate the present
worth of a dulayed annuity~-a uniform serices that begins a year or more
from the present.

NOTATTION
L. DI (r/n) = the discount factor for a cost or bencfit occurring

at year n at a discount rate of rs%.

2. AF (r/n) = the annuity factor used to discount a uniform series
of payments (cost, benefit, or cash flow) running from year 1 to year n
at a discount rate of r%.



3. AAF (r/m to n) = the adjusted annuity factor used to discount an
annuity running from year m (alwavs some ycar after year 1) to yecar n
at a discount rate of r%.
REQUI L MEINT S

Computing resent worths requires:

L. Srtting an appropriate discount rate.

2. 'Tabulating costs ard henefits for each year--that is, making a
cash fluw projection.

3, Using a set of discount tables to find discount, annuity, and
aajusted arnuity factors.
RESULTS

Disoounting gives the present worth of future values. Discounted
costs, bonefits, and cash flows are the build ug blocks for computing the
net prescnt worth, the benefit-cost ratio, and the internal rate of return
of a project.
ASSUMPT IO

Discounting a cash flow assumes ycu have good cash flow projections

to begin with--bad estimates never get better by being discounted.

Finding an appropriate discount rate is the main problem. It can
be based on one or all of several concerns covered in the reader. Tt is
up to the analyst to find a discount rate that usefully and validly
approximates the declining value of costs and benefits over time.

DOING THE PROCEDURE
A. To discount a single future payment (cost, benefit, or cash flow):

1. Specify a discount rate.

2. Find the discount factor in discount tables.*

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

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

*Discoun. tables are lists of solutions to the discount factor equation
for every value of r and n. The equation is: DF{(x/n) = 1/1 + (r/100)".
Selected discount. tables are printed on pages 6} and 62.
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To find DF (10%/%) (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 yecar 5--.621. At 10%, the present
worth of a $200 payment in five yvears is: PW = $200 x .621 = $124.

At 15%: DE(LS%/5) = 497 so PW = $200 x .497 = $99.

And at 20%t: DF(20%/5) = 402 so PW = $200 x .402 = $80.

(Cash flow estimates are seldom o precise that it makes sense to
worry about great exactness Ln discounting. Most of the time--and in
the case exercisc--rounding discount factors to two decimal places is
precise enough.)

B. To discount a non-uniform series of future paymente:
1. Specify the discount rate.,
2. List the payment occurring in each year.
3. Look up the discount factor for each year.
4. Compute the prescut worth of each annual payment.
Example:

An investment opportunity regquires spending $150 in the first
year and $75 the sccond year. It will pay out $300 in the third year.
lgnoring the time factor, the investment is profitable--paying $225

yields $300, for a profit of $75.

If costs and benefiis are discounted at a rate of 20%, does the
investrnient 54111 make sense?

Year 1: pay in 5190 D (204 1) 433 so PW = $125 x 833 = 35125,
Year 2: pay in $75% DU(20%/2) = 694 so PW = §75 x .0694 = §$5:
Yeoar 3: roeceive $300 DE(20%/3) = .579 so PW = $300 x .579 =

Discounting at 204 the total costs are $177 and total return is
$174--with discounting, what previously looked profitable now shows

up as a net Joss of $3.

To discount an annuity:

9]

1. Determine the discount rate.

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

*The annuity factor is composite discount factor. Looking at the tables of
annuity factors next to tables of discount factors, you can sce that the

AF is a running total of DF's--AF(15%/3) = DF(15%/1) + DF(15%/2) + DF(15%/3).
Annuity factors are provided on pages 63 and 64.
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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 1 and ending in year 5. To find the annuity's
present worth at a discount rate of 15%:

Locr up the annuity factor:

AF (15%/5) = 3.3562

Multiply the annval payment by the AF:
PW = $40 = 3,352 = §134

To discount a delayed annuity:*
(The excercise in Part IT uses adjusted annuity factors in nearly
every step.)

1. Determine the discount rate.

2. Look up the two annuity factors:

AF (r/m-1)

AF (r/n)

where m = first year of the delayed annuity
n = last ycar 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-1).

4. Multiply the uniform annual 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 (l10%/6-1) = 3.791
AF (10%/15) = 7.606
AAr = 7.606 - 3.791 = 3.815

The present worth of a delayed annuity of $100 from year 6 to
year 15 is $381.50.

PW = 5100 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
uscd.

11



3. ESTIMATING A PROJECT'S HET PRESENT WORTH

The net present worth (HPW) is one of threc summary measures for ex-
pressing a project's cost-benefit relationships. It is a very simple
procedura--summing up the products of discounting

PURPOST
Estimating a project’'s net present worth:

Provides a criterion of accentability Tor o single project. If the
MPW is greater than zero, then the project makes scnse--assuming cash
flow projections and the discount rate are valid.

Sets up a system for ranking mutually-exclusive projects or project
designs.

Gives an inrermediate measure necessary in calculating a project's
internal rate of return.

TERMS AND DEFINITIUNS

The net present werth is the same thing as the net present value
(NPV) ; the terms are used interchangeably.

The 1IPW is an absolnte measure of a projact's value-- total discounted
henefits minus total discounted costs, cxpressed in dollars and cents
(or other currency units). The benefit-cost ratio and internal rate of
roturnh are both relative measurcs of units of ouatpult expected per unit
of input

Mutually-exclusive altoernatives are competing proicets or project
designs of which only one can be implemented. The NFW o os the best summary
measure for comparing mutually-exclusive alternatives since 1f only one
project can be done, 1L makes sense to go with the one promising the
greoatest aboolnte net benefits. For cxample, Lf o team of onginecrs must
choose between building a big dam or a swall, superbly designea dam, the
toial worth (Lie HPWY of the big dam would be greater, cven thoudgh the

unit-for-unit ¢ fficicncy (represented by the benefit-cost ratio or internal

rate of return) of the small dam would bee better. The NPW takes account

of scdalee.

ASSUMPTIONS

The validity of UPW calculations depends on the completencss and
reliability of the cash flow projections, and on the appropriatencss of

the discount rate.
DOINC THE PROCEDURE
I. Estimate the cash flow for the project, and set up the cash flow

table.

Calculate the cash flow for each year--that is, the net incremental

)
<

henefits,



3. Specify the discount rateo.

4. Look up discount and annuity factors for each year. (Use annuity
factors and adjusted annuity factors whenever you can; it speads the

procedure.)

5. Using the factors and the cash flow estimates, compute the present
worth of cach annual zash [low. Usually, some years will have negative and
somne positive cash [lows.

O. add up all the discounted cash flows--the sum is the HPW.
EXAMPLE

The cash flow for a small farmer tractor purchase project was con-
structed on Table 1, page 6. Suppose Temasek's Office of Project Analysis
has specitiod 15% as the discount rate to be used for rural development
projects.  Table 2 i1s a NPW workshect--like Table 1, it takes advantage
of the uniform series (annuity) in years 2 through 10 to make for a
shorter worksheet and to allow using adjusted annuity factors instead of
discounting year uy year.

TABLL 2

HET PRESENT WORTH

Discount Rate 5%
] | ANNUAL | PRESENT
| INCREMEUTAL | INCREMENTAL CASl WORTH OF
YEAR | BEUEFITS l COSTSs FLOW CASH FLOW
| i
t i
I
1 discount |} | ‘
factor | .87 200 580 -380 -330.6
|
i
!
2 adjusted |
through |annuity |4.15 200 80 120 498
10 factor |
|
I !

NET SENT WORTH
T PRE T WORT 167.4

13



Without Project

TABLE 3
CASH FLOW

Years From Project Etart

Year 1

Years 2 through 10

%%%2%%%%% 160

With Project

——— e

Gross Benefits

Cost Components

Production costs

12

120 %%%z%%%%%

Tractor rental

i

o ///’//’/f 7
s
’;Z////%%/‘//j:/{;

G
V77

Gross Costs Wkl 1§P
e 0
/7 L7 /éa//i2?€5
4w M///%/ 80

Net Benefits

il

Changes Due To Projcct

lncrementql_ﬁenefjpﬁ_ 80 80
Tncremental Costs . 6o 60
20 20

CASH FLOW.
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The net present worth of purchasing a tractor is Y 167.4--certainly
greater than zero, and so the tractor project ought to be accepted--if
it 1s the only option. Bat the point of cost-benefit analysis is comparing
and choosing among alternatives. The bLractor-purchasce option is sound in
its owrn right, but mayoe some mutual ly-exclusive alternative would be
better.

Suppose the Ministry of Agriculture has developed an alternative
design, where instead of buying tractors, farmers rent them. Similar
tractors can be rented for P 40 a year--a lower cost than buying them,
cven when spread over sceveral years. But the yields are also lower than

what is cxpectoed from owning a tractor.

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

has been entered into Table 3.

15



Table 4 takes this cash-flow data and, just as for the purchase
option, computes the net present worth.

TABLE 4

NLET PRESENT WORTH

Niscount Rate 15%
o ANNUAL PRESENT
INCREMENTAL INCREMENTAL CASlI WORTH OF
YEAR BENEFITS COSTS FLOW CASH FLOW
1 discount
factor .87 80 60 20 17.4
2 adiusted
through annuity 4,15 80 60 20 63
10 facror
NET PRESENT WORTH 100.4

So HPW calculations suggest that a tractor-rental project would be
economically viable, too. The NPW is greater than zero, indicating that
the project 1o cconomically efficivnt--assuning, alwayw, thar projeciions
and the discount rate are valid. bat the tractor purchase option siill
has the larger H4PW, reflecting the arcater absoluale cconomic valuce of
this option. It the decision is ro turn on the HPW criterion, and the
projects are mutually exclusive, the purchasce project should sti1ll be
chosen. (Although if rescurces allow it might make sensc toe implement
both projects in different arvcas, since both are cconomically sound.)



4, ESTIMATING A PROJECT'S BENEFIT-COST RATIO

The bencfit-cost ratio is the scecond common measure of a project's
worth; it is similar to the NPW in the way it is calculated, but some-
what different in emphasis.

PURFOSE

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

per unit of output. It can be usecd:

To determine ihe acceptability of a single project.

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

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

TERMS AND DEFINITIONS

The benefit-cost ratio 1s a relative measure of a project's input-
output characteristics, unlike the net present worth which is an absolute
measure of profit.

Ranking alternatives by benefit-cost ratios gives a picture of the
relative officiency of resource use.

ASSUMPTIONS

As for the HPW, 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 (Sce Table 5)

1. Estimate the project's cash flow and set up a cash flow table.
2. Specity 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 up 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 annval incremental costs; this is the present
worth of the incremental costs.

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

17



EXAMPLE
In Table 1

worksheet--the

(page ©)
tractor was estimated

and organized.

data from Table are

Table 5

TABLE 5

the cash flow of a project to purchase a small
is a benefit-cost ratio
entered in and discounted at 15%.

BENEFIT-COST RATIO
Discount Rate 15%
PRESENT PRESENT
YEAR WORTH OF WORTH OF
| INCREMENTAL INCREMENTAL 1INCREMENTAL | INCREMENTAL
i COSTS COSTS BENEFITS BENEFITS
i
. e B
1 ldiscount |
factor .87 | 580 504 .6 200 174
!
—— '
2 !adjus tea '
! through  rancuiry Feld S 80 332 200 830
[ 10 '{actor !
} Total [ 836.6 1004

BELEFIT/COST RATIO

Present VWorth of

Incremental Benefits

Fresent Worth of
Incremental Costs

1004

836.6

1.2







Table 6 sets up the cash flow for the coop project alternative.

Without Project

Gross Benefits

TABLE 6

CASH FLOW

Years From Project Etart

Year 1

Years 2 through 10

160

Gross (Costs

100

Net Benefits

60

N

With Project

Gross Benefits

7,

b
-

2000 %

l

270

LL7?

Cost Components

o 2

é/’/’/' 4 /"///;/' /:///

\

7

Initial charter fecc

150

N

vk
7
7

N

s LY

AN
7. A
% 0

005

///

Annual membership fee

“ 7

27
P

N

PAPEED ’,
75

V77
74 s

=1
/////////////
7 7 7 Z
g
ILIAA

/. ,//,
SN

Y

Production costs

AR
L A
]

R
07
%é%%%é%%%%

7

Y 27

Gross Costs

145

Net Benefits

Chandges Due To PTroject

Incremental Fenefits

Incremostal Couts

110 110
SR 1° 1 S SR 45
- 85 65

ChEH FLOW



Table 7 arranges the cash flow information f r the tractor coop,

apnlies a 15% discount rate, and computes the benefit-cost ratio.

TABLE 7

BENEFIT-COST RATIO

Discount Rate _ 15%
PRESENT PRESENT
YEAR WORTH OF WORTH OF
| INCREMENTAL INCREMENTAL INCREMENTAL INCREMENTAL
| COSTS COSTS BENEFITS BENEFITS
f
1 discount
factor .87 195 169.65 110 95.7
!
- §
2 adjusted
through annuity 4.15 | 45 186.75 110 456.5
10 | factor |
i '
2 70007 77
Total }é%éic// /ééézé?jﬁézzig
¢3¢ % 4 ;//j}/ 757 552.2
/. s

BENEFIT/COST RATIO =

Present VWorth of
Incremental Benefits

Present Worth of
Incremental Costs

552.2

356.4

The ratio of 1.5 for the coop alternative is considerably higher than

the purchase option's ratio, 1.2.

coop is a more efficient use of resources than buying tractors.

21

This suggests that forming a tractor




5. ESTIMATING A PFOJECT'S INTERNAL RATE OF RETURN

So far, two summary measurcs hove been presented for showing the
discounted cost-benefit characteristics of a project. The third summary
measure is the internal rate of return--popular because it can be calculated
without cvecifying a discount rato in advance, and because it is similar
to the familiar idea of the return on an investment,

PURPOSE

The internal rate of return (IRR) measurces the yleld of a project.
Estimating the internal rate of return can:

Provide a basis for evaluating a single project or project design;
estimated IRR's are tested against a stipulated throstold of acceptability.

Be used as a criterion for rank-ordering several alternative projects
or project designs. Lake the benefit-cost ratio, the IRR is a measure
of cfficiency.

TERMS AND DREFINITUTONS

The: fBR, like the benafit-cost ratio and unlike the NPW, is a relative
measure of financial or economic soundness, closely analoygous to the "yield"
of a conventional financial investment.

In financial cost-benefit anal /s is the IRR is sometimes called the
internal financial return. In other case:, Lt may be called tie economic
or socid. rate of return. The difference is in the poinl of view the
analysis takes, and the definition of the costs and benefits that go into
the cash flow projection--not in the form of the Ik calculations,

The TR s formal ly defined as the discount rate at which the NPW IS
zero. When the TRK is the coriterion for cecnomic soundness, no discount
rate is sclocted before the analysis, but a "cut-~off" is set--a rate below
which o projoect is not financially or cconomically acceptuble.

ASSUMPTIONS
As always, the soundness of any summary measure depends on the quality
of the data it summarlzes.

The TRR has advantages—--most importantly, it avoids the problem of
finding an appropriate discount rate, onc of the weakest links in most
cost-benefit analysces (although in some ways it just postpones the issue,
since a cut-off point must 5till be sel) . one disadvantage of the IRR,
compared to the NPW or BCR, is that it can only be calculated when at
least one anneal cash flow Js negative.
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I. Calculate Net Present Worth with different Discount Rates

TABLE 8

INTERNAL RATIE OF RETURN
TRACTOR PURCHASE

POSITIVE and a NEGATIVE NPW.

until you have a

—~

CASH YEAR 1 ~380 - CASH FLOW YEARS 2-10 120
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
15% .87 -330.6 4.15 498 167.4
25% .8 -304 2.77 332.4 28.4
30% .77 -292.6 2.32 278.4 - 14.2
| |
| |
! !
I1I. TRANSFER FROM TABLE Iv. INTERPOLATE
High TDR NPW at
Low_TDR 5 IRR = Low TDR + |- Low TDR x oW TDR
High TDR 30 NPW at Low TDR
T e - + Absolute Value
NPW at of NPW at
Low TR 28.4 - High TDR
NPW at _ 25 N '
Hich TDR -14.2 IRR = > X 28.4
SR 42.6
1IT. CALCULATE IRR = 25 +[ 5 X .67 I
High TDR
- IRR = +
clow TbR O 5 = 2 3:32
NPW at Low IRR = 28.35 -
+ Absolute Valuae

of NPW ar High TDR 42.6
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II. Interpolate

Once you have bracketed the IRR, this procedure specifies just
where the IRR is between the two ThR's.

1. Subtract the low TDR from the high TDR.

3

Add the NPW at the low TDR plus the absolute value of the NPW at
the high TDk. (The NPW at the high TDR will be negative; using
the "absolute value" means ignoring this and treating it as
positive,)

3. Plug the appropriate values into this equation and solve it:

{High TDR
IRR = Low TDR +|-Low TDR X

NPW at Low TDR

NPW at Low TDR

+ absolute value
of UPW at High TDR

Suppose, for 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
HPW at Low TDR

+ absolutce value
of NPW at High TDR = 150

5+ 15 x 100
150

IRR = 5 + Eix .Gﬂ

IRR

i
v
+
w
w
o

IRR

1l
[ea)
w
5

IRR

EXAMPLE

Three options have been presented for Temasekian farmers who want to
use tractors: buying small tractors, renting them, or forming a coop to
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 [lows 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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I. Calculate Net Present Worth with different Discount Rates

G

INTERNAL RATE OF RETURN
TRACTOR RENTAL

POSITIVE and a NEGATIVE NPW.

until you have a

CASH FLOW YEAR 1 CASH FLOW YEARS 2-10 20
Trial Discount Present Adjusted Present Net Present
Discount FPactor Worth Annuity Worth Worth at
Rate Year 1 Year 1 factor Years Trial Dis-
Years 2-10 2-10 count Rate

15 .87 17.4 4.15 83 100.4

25 .8 16 2.77 55.4 71.4

30 -zz lﬁ:i 2.32 46.4 f1.8

35 .74 14.8 1.97 39.4 54.2

40 .71 14,2 1.7 _34 48.2

50 .67 13.4 1.3¢ 26 39.4

75 .57 11.4 76 15.2 ! 26.6

949 .50 %l 10.2 ; 20.2

The IRR cannot be calculated when all cash
sir 2--no matter how high the TDR--there is no way to get a negative NPW,

flows are

positive,



INTERNAL RATE

TABLE 10

OF RETURN

TRACTOK CO-0OP

I. Calculate let Present Worth with different Discount Rates
and a NECATIVE HPW.

POSITIVE

until you have a

CASH FLOW YFAR 1 -85 CASH FLOW YEARS 2-10 65
Trial Discount Present Adjusted Present Net Present
Discount Factor Worth Aannuity Worth Worth at
Pate: Year 1 Year 1 Factor Years Trial Dig-
Years 2-10 o-10 count Rate
15 .87 ~-73.95 4.15 269.75 195.8
25 .80 -68 2.77 180.05 112.05
50 .67 -56.95 ‘ 1.30 84.5 27.55
75 .57 -48.45 76 49.4 .95
80 .66 -47.6 ! .69 44 .85 - 2.75
— ! |
I .
f i
i
’ i
| |
1I. TRANSFER FROM TABLE Iv. INTERPOLATE —
High TDR NPW at
Low TDE 75 IRR = Low TDR + |- Low TDR x oW TDR
Hiyh TDR 80 NPW at Low TDR
T e + Absolute Value
NPW at of NPW at
Low TLR 95 | High TDR ]
NPW at =
. ’ = 75 5 95
High TDK -~ 2.75 IRR = + X
e . 3.7
111. CALCULATE TRR = 15 +[ 5 % .26 :1
High TDR
= 75 + 1.3
- low TOR_ 3 TR -
HPW at Low TDR IRR = 76.3
+ Absolute Value
3.7

of NPW at Hign TDR




PART 2
A PROBLEM IN PROJECT DESIGN

PROJECT SCENARIO

E:xngladesh iz 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 petrolceunm products used in farming.

Studies indicate that irvigatien is the most important constraint
on agricultural production. A reliable water supply makes possible a
dry-scason c<rop, and increases yvields in the wet scason by allowing for
more flexible planting schedules. The government of Bangladesh and
a number of donor agencies 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 officials and technicians designing an irrigation program.
The project arca consists of five thanas (administrative units anal-
ogous to counties). There is little irrigation in any of these thanas.
All five have similar soll characteristics, ground water supplies, and
cropping patterns.  Average yields are roughly equal throughout the
project area. TIn other respects there is some diversity.

Two of the thanas have fairly good road networks; the others have
few all-weatier roads. There are wide differences in land ownership
patterns and average ircome. One thana is designated a serious pov-
erty arca. Two are quite prospoerous, with most farms much larger
than average holdings in Bangladesh. In the other two thanas, ten-
ancy patterns and average incomes are fairly typical for the country.

Rice yields in the project area are low, 800 pounds per acre.
The prevailing price of rice is 1 taka per pound--including a gov-
ernment price-support element averaging 8 percent--and the gross in-
come frow an acre of unirrigated land is T.800. Out of this farmers




must pay for fertilizer and pesticides, supplied through an exten-
sion program at a per-acre cost of T.l00® for a one-crop supply.

Wage labor is uncommon in the project area, so the cost of
labor is ignored in identifying inputs and outputs for rice pro-
duction. (The soundness of vour cost-benefit analysis will be
affected by the validity of ignoring labor costs.)

Trrigated land can yield 2000 pounds of rice per acre. A
large part of this increase is from double cropping, so fertilizer
and pesticide requirements double.  If the irrigation program goes
through, these extra chemicals will cost farmers T.200 per acre
(100 for farmino as usual, 100 for the second crop).

Watur management specialists have identificd deep tubewells as
the most prouising irrigation technigue, and recommended installing
1000 tubewells in the project area.  Engincering studies have iden-
vified two alternative well designs.  Your task 1s to assess thelr
respective costs and benefits,

OPTTON 1: Wells are drilted by contractors using heavy truck-
mounted equipnent. Few Bangladeshi firms possess the rigs, so

most of Lin: drilling would be contracted out to overscas firms,

The drilling rigs require good roads for getting to and from dril-
ling sites. Onee drilled, an Option 1 well is fitted with a fiber-
glass screen and a turbine pump with a high-speed diesel engine.
Both screen and pump are imported, though the pumphouses are made
domestically.

The diesel engines burn 1000 gallons of fuel in a year's owncration.
Since the fuel is used for agricultural production, it is available
at the subsidized price of T.1l0 per gallon, or T.10,000 annually pex
well,

Herc is the total investment cost of an Option 1 well:

Imported equipment T.130,000
Foreign contractors T. 40,000
Domestic cquipment T. 30,000
Skilled domestic labor T. 50,000
Unskilled domestic labor T. 10,000
TOTAL T.260,000

An Option 1 well can irrigate a command area of 100 acres, so
investment costs per acre are T.2,600.

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

cities. They are drilled by labor-intensive water-jet techniques,
or by percussion techniques using a weighted bit, a pulley-fitted

*p, = taka, the Dangladesh currency
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tripod, and teams of workers to hoist and release the bit. Tests
have shown that jet and percussion wells meet width and straightness
requirements.  Option 2 wells are fitted mostly with domestic equip-
ment. The brass screens are made in Bangladesh. The centrifugal
punps and low-speed diesel engines are assembled in the country,
using a combination of imported and domestic parts.

Fuel requirements are slightly lower for the smaller Option
2 engines--800 gallons per well per vear, at a cost of T.8000.

<

Investment costs for an Option 2 well include:

Imported caulpment T. 50,000
Foreign contractors and consultants T. 20,000
Domestic equipment: T.100,000
Skilled domestic labor T. 40,000
Unskilled domestic labor T. 30,000
TOPAL T.240,000

The engine and pump are less powerful, and the capacity of
the well itself is slightly smaller, so an Option 2 well can ir-
rigate a command arca of only 80 acres--per acre investment costs
are T.3000.

Project Scheduling

Whichever option iy chosen, ycar 1 of the project will be de-
voted to Forming irrigation groups, sclecting sites, and install-
ing the wells,  During this first cear, rice farming will go on as
usual. The wells will be working it the beginning of year 2. From
year 2 until year lu yield increases from irrigation are expected
to be realized. Extra fertilizer and pesticide will be required,
as well as fuel for the pump endines, from year 2 through year 10.
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Using the completed cash flow table

*and the discount tables in Appendix I
*plus a calculator,
*and the procedurcs in Part 1 for reference

Determine:

(1) The benefit-cost ratio
(2) The net present worth
(3) The internal rate of return for Option 1 and Option 2.
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TABLE L1

OPTION 1
FINANCIAL CASH FLOW
COSTS AND BENEFITS PER ACRE

Without Project

Gross Benefits

Years From Project Start

Year 1

Years 2 through 10

___

/////

Gross Costs

//////

/////%

Net Benefits

_

With Project

Gross Benefits

///

///////%

Cost Components

////////

.

Investment (per-acre well cost)

///////%

Fuel (per-acre share)

%// 7 /,f,?/

Usual fertilizer and pesticides

4”74%//
C/C}/;/;:/

Extra fertilizer and pesticides

Gross Costls

Net Benefits

Changes Due To Project

Incremental Penefits

Tneremental Costs

CASH FLOW
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TABLE 12

OPTION 2
FINANCIAL CASH FLOW
COSTS AND BENEFITS PER ACRE

Without Project

Gross Benefits

Years From Project Etart

Year 1

Gross Costs

Net Benefits

With Project

Gross Benefits

Years 2 through 10

Cost Components

Investment (per-acre well cost)

Fuel (per-acre share)

Usual fertilizer and pesticides

Extra fertilizer and pesticides

T 77
Gross Costs é%%%%?é%%%? z;%%z%?ﬁ?f
7 %7;%' ; % '
Net Benefits %%%//C ////////%

Changes Due To Project

Incremqupl Benefits

Igcrqmgg§§30Q95ts

CASH FLOW
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TABLE 13

OPTICN 1
BENEFIT-COST RATIO

Discount Rate

PRESENT PRESENT
YEAR WORTH OF WORTH OF
INCREMENTAL INCREMENTAL INCREMENTAL | INCREMENTAL
COSTS COSTS BENEFITS BENEFITS

[

1 discount:
factor

|

|

2 adjusted;
through annuity |
10 factor |
l

N ~\ti\g§§§§§g§§§§\\§‘§\§\g
Total f{\‘t\\i&\\‘ \\\\\\‘\\s\ N \\\\\i\\\i\ \ \

2

BN \\ S

i \\ SRR NN N
A e
%\iéqx‘\\g\\\\&\*&\)\\\?\\\x\x\\x\\ WK

R
\§\§\\ \i\\\\\\\
NN ‘\\\\\\\‘ \ \\\\ : \‘\\Q\\\
§§§$§§§§mg§§

Present Worth of
Incremental Benefits

BENEFIT/COST RATI1O

Present Worth of
Incremental Costs
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TABLL 14

opTIONn 2
BENEFIT-COST RATIO

Discount Rate

PRESENT PRESENT

YEAR WORTH OF WORTH COF
INCREMENTAL INCREMENTAL INCREMENTAL INCREMENTAL

COSTS COSTS BENEFITS BENEFITS

1 discount |
factor |

o l

!

2 adjusted
through annuity !
10 factor |

A T ]} it
A

Present Worth of
Incremental Benefits

]

BENEFI1T/COST RATIO

Present worth of
Incremental Costs
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Discount Rate

TABLE 15

OPTION 1
NET PRESENT WORTH

ANNUAL PRESENT
INCREMENTAL INCREMENTAL CASH WORTH OrF
YEAR BENEFITS COSTS FLOW CASH FLOW
T
1 discount |
factor |
|
|
2 adjusted
through annuity |
10 factor
i
l NET PRESENT WORTH
TABLE 16
OPTION 2
NET PRESENT WORTH
Discount Rate
ANNUAL PRESENT
INCREMENTAL INCREMENTAL CASH WORTH OF
YEAR BENKEFITS COSTS FLOW CASH FLOW
|
1 discountl
factor
. i
2 adjusted'
through annuity
10 factor l
|
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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
Rate Year 1 Year 1 Factor Years Trial Dis-
Years 2-10 2-10 count Rate
: |
'
: |
i !
II. TRANSFER FROM TABLE IV. INTERPOIATE -
High TDR NEW at
Low TDR
; ] = Y + - Low T
Low TDR IRR Low TDR L DR x NPW at Low TDR
Hiah TDR ___ + Absolute Value
. of NPW at
HNPW at .
) High TDR
Low TDR L —
NPW at IRR = R
High TOR i ”
1II. CALCULATE IRR = +|: x ]
High TDB IRR = +
- leow TDR
NPW at Low TDR IRR =

+ Absolute Value
of NPW at High TDR
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TABLL 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 YEAR 1

Trial
Discount
Rate

Discount
Factor
Year 1

CASH FLOW YEARS 2
Present Adjusted
Worth Annuity
Year 1 Factor

Years 2-10

-10

Present
Worth
Years
2-10

Net Present
Worth at

Trial Dis-
count Rate

I1. TRANSFER FROM TABLE

Low TDR

Hiah TDR

el at

Low TR

HPW at
Hial TDE

111, CALCULATE

High TDR

- Tow TDhR

I Bt - TR
NPW o at Low

4onbhao it e

Valu
oI NPW at High TDR

Iv. INTERPOLATE

n

IRR Low

IRR =

TDR +

—
High 1DR
-Il.ow TDR Xx

NPW at
Low TDR

NPW at Low TDR
+ Absolute Value

of NPW at
High TDR

IFRR =

IRK =

IRR =
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ECONOMIC SURVEY AND DATA

Your scoond task is to conduct an cconomic analysis of thoe
proposcd projoect.

Pirancial analysis asked whether tubewell irrigation would be
attractive to farmers, and which of Lwo well designn of fered greater
Financiol incentives. Individuals face financial choices dofined by
market prices, so these prices were usod in the Financial analysis.,

Fconomic analysis can differ in several ways Lrom financial
analysic:

1. The scale changes; cconomic analvsis usually considers a
broader system than a single farm.

2. Definitions of costs and benefits can change to account
for eoffecty which are extornal to a limnited cystem but which cause
significast gains or losses within the larger cconomic system,

(This oxercise does not cover any external cffects, but it could--an
example might be the tendency of tubiwell irrigation to lower the

water table in a region.)

3. linancial and economic analysis gencrally use different
discount ratos.

4. Finally, cconomic analysis often values costs and benefits
by means other than market prices.  In classical cconomic theory,
market prices are regarded as perfoct measures of cconomic values.
But "perfect competition" is never scen in reality.,  When money
prices and economic values diverge soriously, shadow pricos may be
called for. In this example three kinds of serious price distortions
affect five of the inputs and outputs of tubewell irrigation.

Forelign Bxchange,  You are probably familiar with the idea of
a currency being "overvalued"--having an official cxchange rate
that sets its value too high in relation to other curroncies.
Overvalued domestic currency means undervaluoed foreign oxchange .
Shadow cxchange rates represent attempts to adjust for foreign
exchange distortions. They put a premium on foreign currency

(relative vo domestic currency) in cost-benefit calculations.

Suppose the official exchange rate is T.16 = 21, but roliable
studies indicate the real value of a dotlar is more like T.24.
Then the shadow pricing factor for foreign exchange is 24/16, or
1.5, HNow Lhe costs of imports requiring forcien exchange--under-
stated in the financial analysis--arce corrected in this broader ec—
onomic assessment of the tubewell project.

Unskilled Lakbor. Market theory has it that wages are most:ly
determined by a workor's contribution to production--if he isg
earning $10 for a job, he is presumably producing goods or services
worth at least $10. Drawing him away from the job would therefore
entail a $10 loss of production. In the real world other factors
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besides productivity often set wages--social norms about decent
wages, the principle that people should be employed whether pro-
ductively or not, union pressures, and 50 on. The significance of
this for cconomic analysis s that a wage may not reflect the real
cott of labor--and most important, the opportunity cost ob putting
people to work ono o project dnstead of whatever they were previously
doing. When unemployment i high--it a worker is drawn from doing
almnst nothing to working on a project--the spportunity cost may

be close to vero. 5o ceven though o wagqe i paid, the cconomic cost
of hiring a worker may be lower than the money waqge (the ffinancial

cost) .

Suppese the unskilled workers hired for drilling wells are to
be paid T.30 per day.  HMost of them, in the absence of the project,
would Lo underemployved.  Suppose the real cost--the loss of
product ion elsewhere--of putting them to work is only half of the
money wage.  Then the shadow wage ratoe for these potential workers

is T.15 per day.

Subsitdics. To 1ts recipicats, a subsidy is a financial
benefi”.  To ceonomists LU is 4 distortion.  There are arguments
for ignoring subsidics 1 cconomic cost-benefit analysis--sub-
tracting any subsidy clement from financial benefits and adding
the full amount of any subsidices to financial costs.  In this case
three cateqgories of inputs and oulputs are subsidized:

Fertilizor and pesticid: aye provided to farmers at T.100
for a package sufficient for one application on one acre.  The
actual cost of these chemicals is T.200.  The difference=-T.100--

is a subsidy from the government or "socrety” to farmers,

Piesce! fucl Lo run the pumps is subsidized.  Irrigation groups
will be roquired to pay T.10 per gallon but the qovernment pays
T.20, The difference, 1T.10, 15 the subsidy on petroleun products

for farm use.

The government also supports rice prices.  Suppose the
cconomic value of a pound of rice can be reliably estimated at
T.0.92. If farmers receive 'I'.1/pound, the cconomic value of rice is

s

92% of 1ts market price.

Table 19 presents these shadow pricing factors and shadow prices.
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TABLE 19

FINANCIAL SHADOW SHADOW PRICING

ITEM UNIT PRICLE/UNIT PRICE/UNIT FFACTOR
Foreign
bxchange | Dollar | 16 | ___ 24 ______|______ 1.5
Unukilled Man
| Labor | bay {30 1> ol _____ -2
Fertilizer Acre/Crop

and Pesticigg_ _Package _100_ 200 1 2
| fael Gallon _ . 310 ___ | .____ 20 2
Rice Pound 1 .92 .92
SHADOW PRICING

Applying shadow prices is meant to correct for market imper-
fections and distortions that make financial cost-benefit relationships
unreliable yuides to economic good sense. The previous section has
listed the nature and magnitude of the price distortions involved
here. How, your task is to take this information and use it to
adjust the costs and benefits projected for cach well design.

Since some cost factors--investment in the wells, and diesel
fuel for running them--take place at the level of the irrigation
group rather than individual farmers, this is the level for applying
shadow prices. So the first step for moving from financial to economic
analysis 1s to expand the scale from "per-acre" to "per-well."

In order to rescale the analysis to cover the command area of
one well:

Go to the financial cash flow tables you set up on pages 20 and 21.
Multiply each item to take it to the per-well scale;

Multiply by 100 for Option 1, and by 80 for Option 2.

Enter the new scaled-up values in the relevant places in tables

20 and 21.

So far, nothing has changed cxcept the scale. If yon calculated
the benefit-cost ratio or the internal rate of return at this point,
it would be just the 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 times as

large for Option 2, since the NPW takes account of scale.
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TABLE 20

OPTION 1
FINANCUAL CASH FLOW
COS TS AND hENEFITS PER WELL

Years From Project Btart

——— ——

Year 1

Without Project

Gross Benefits

Years 2 throuch 10

Gross Costs

Net Benefits

With Project

Gross Benefits

Cost Components

77 /7//"}/7/7 - Gz
VA7

0 Vg
[ ,/(Z_Q/Z//.../_._ [ %///42// /%
- i -~
77

JAnvestment (per well)

S — s e

Usual fertilizer and pesticides

bxtia fertilizor and pesticides

Gross Costs

Het Benefivs

Changes Due To Froject

Incremental Lenefits

|
|

Trncreaental Cocus

CASH FIOW _
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TARLL 2]

opTIog o
FIUANCTAL CACH LW

COsTs AllD BENEFTTS PER WELL

Without Project

Gross Benefits

Years From Project Btart

Year 1 Years 2 through 10

Gross Costs

ﬂgﬁABencfits

7
-
i

L

With Project

Gross Benefits

V0 7 /"’/////‘

Cost Components

Investment (per we!l

1)

Fuel (per well)

Usual fertilizer and pes

Extra fertilizor and o

Gross Cousts

Net Benefits

Changes Due To Project

Incremental henefits

ticidea

ticideg

i
0

Incremental Costs

CASH FLOW -

2 |







Transfer: information

SHADOW DPRICTHG

from

scenario

)
a

2

o<

TABLL

OPTION 1

WORKSHEET

Multiply the financial value

) for breakdown of well in- by the shadow pricing factor
vestment costs (pp. 29-130) to get the cconomic 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. 44)
shadow pricing factors
from table 19
GROSS BENEFITS
Financial Shadow Pricing Fconomic
Valun of Rice Yield Benefits lFactor Benefits
j;itl)OU—CM;)-}.'Oj(‘C‘f. and
Yeor 1 with project
Years 2-10 with project
INVESTHMENT COSTS
Financial Shadow Pricing Economic
Component Cost Factor Cost
- TTT T e LA /// / S/,
/4////////// Z
TOTAI 7 //////
Ll % LA
RECURRENT COSTS
Without Project and Year
1 with Project: Feortili- Financial Shadow Pricing Economic
zer and Pesticide Cost Factor Cost

Yoars 2-10 with

projoect: pump

operat ion

Fertilizer and

prsticide
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TARLE 24
OPTION 1

ECONOMIC CASH FLOW

COoSsTS

Without Project

Gross Benefits

AND BENLFITS PER WELL

Years From Project Start

Year 1

Years 2 through 10

%/’, 7, //Z'/,v {2;; : 7

UV
777

Gross Costs

7. 000
//////‘ 777 /‘4//4

77.

7 v
Net Bencefits ////%//j////% %ﬁ////z

With Project

Gross Benefits

7
)

Cost Components

Investment (per well)

Fuel (per well)

0

777
%

Usual fertilizer and pesticides

Extra fertilizer and pesticides

/////

i

Gross Costs

L

Ret Benefits

Changes Due To Project

Incremental Benefits

Incremental Costs

CASH YLOW

49



TABLE 2%

OPTION 2

ECONOMIC CASH FLOW

COSTS AND BENEFITS PER WELL

Without Project

Gross Benefits

Years From Project Start

Year 1 Years 2 through 10

Gross Costs

Net Benefits

With Project

Gross Benefits

Cost Components

Investment {(per well)

Fuel (per wull)

%// 7

[
A

Usnal fertilizer and pesticides
%// ’5/"’-/// % 7 %}
Extra fertilizer and pesticides Z;éé%éé%é /<;¢//é%%%
- 7, Ty, ROEEA) .,
A

Gross Costs

Net Benefits

\ \\\ik?;
\ f]§
\§§§§
RN

§§\\

Changes Due To Project

Inzremental Benciits

Incremental Costs

ChSH F1.0M
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TARLE

20

OPTION |
NET PRESENT WORTH
Discount Rate
ANNUAL PRESENT
INCREMENTAL INCREMENTAL CASH WORTH OF
YEAR BENEFITS COSTS FLOW CASH FLOW
I
1 discount !
factor :
t
2 adjusted ‘
through annuity :
10 factor |
i
I 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
|
1 discount1
factor |
|
]
2 adjusted
through annuity
10 factor I
|
i
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TALLE 24

OPJLION ]
INTEKNAL RATE OF RETURN

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

CASH FLOW YEAKR 1 CASH FLOW YEARS 2-i0
Trial Discount Present Adjusted Present Net Present
Discount Factor Worth Annuity Worth Worth at
Rate Year 1 Year 1 FFactor Years Trial Dis-
Years 2-10 2-10 count Rate
|
II. TRANSFER FROM TABLE Iv. IITERPOLA LY [T -
-
High TDR NPW at
Low TDK IRK = Low TPK +|- Low TDR x Low TDR
i T R NPW at Low TDR
High bk + Absolute Value
HPW at of HUPW at
Low TDk - iligh 'THR _
HPW at IR +
= b4
IT1.  CALCULATE IRR = *[.-.”__.._-‘_-.-._ X __”__‘_______:]
High 'TDhHR -
dh _ IRR = +
- Low Thk oo T ot T T
NPW at Low TDK IRR =

+ Absolute Value
of HPW at High TDR




TABLE 29

oprION 2
INTERNAL RATE OF RETURN

1. 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

+ Absolute Value
of NPW at High YDR

[0,
L]

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
II. TRANSFER FROM TABLE 1v. TIHTERPOLATE p—
. NPW at
High TDR
Low TDR IRR = Low TDR +|- Low TDR X Low TDR
NPW at Low TDR
High TDR + Absolute Value
NPW at OF NP‘W at
Low TDR | High 'TDR i
NPW at IRR = g 7]
High TDR = X
L -
1II. CALCULATE IRR = + X
. L —
H: TDI
lgh TDR IRR = +
- low TDR
NPW at Low TDR IRR =







Applying the Welghts

Tae reciprocal formula yields a set of weights for the project
area that etfect the projec: sponsor's concern for increasing equity.
How do thuse weights affect the choice of technology?  As the scenario
noted, for technical reasons--truck-mounted drilling rigs need good
roads--Option 1 wells can be drilled only in some parts of the project
arca. The labor-intensive equipment used to drill Type 2 wells can be
uscd throughout the arca. Alternative siting plans for each option
have been drawn up, revealing the implications of this technical

constraint.
For cach option, the distribution of the 1000 wells would be:

Distribution of We'ls 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, technology choice affects income
distribution. One way of entering this into quantitative cost-benefit
analysis is by applying the weights to NPW calculations for the wheole
1000-well project.

The procedure 1s to take the NPW per well, multiply it by the num-
ber of wells in each thana, then multiply the total NPW per thana by the
thana's distributional weight, arl sum the weighted NPW for all thanas:

Project WPW = per-well NP, x wells per thana x thana weight.

For Option 1:

1l

per-well NPW x 500 » .67 (Thana 1)
+ per-well IPW x 500 .8 (Thana 2)

Project NPW

ES

For Option 2:

per-well NPW x 200 x .67 (Thana
+ per-well NPW »x 200 % .8 (Thana
+ per-well HPW x 200 » 1 (rhana
+ per-well NPW x 200 = 1.3 (Thana
+ 2 (Thana

Project NPW

D W N~
— e e v

per-well HPW x 200 x

Before filling in the blanks, you must decide which NPW to use.
There are argurents for using the financial HPW for "social? cost-benefit
analysis (it scems silly to disregard subsidics to poor farmers and then
apply a distributional weight to benefits they receive). But it is
probably hest to go with the cconomic NPW, on the grounds that it
accounts for cconomic realities of value and scarcity and then adds
this extra criterion of distribution priorities.

(03]
[Ss]



Option 1

Economic NPW poer well

Distribution-weighted
Project NPW =

Option 2

Kconomic NPW per well

Bistribution=-weighted
Project NPW =

TABLE 31

units

X 500 x

x

200

200

200

200

200

_ X 500 x

56

1000 taka

.67

.8

.67



TABLE 32

RESULTS OF ANALYSIS

T With
Distrihution
ALTERNATIVES 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-Intensive
OPTION 2

P s e o e s o e e e~ o

—— e e =) e = - — —

et e e e ————— e

|

|

t

I

|

|

|

|
l
|
|
|
{
|
|
|
|
|
{
1
|
|
|
|
|
1
1
1

SUMMARY

Go back to each phase of analysis--financial, economic, and "social",
or economic with dirtribution 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 drillt Option 2 wells?

When you have scttled your own position,

turn the page for one

way of interpreting this cost-benefit analysis and applying it to this

problem of project design.







Appendices

A. Discounting Tables:
Discount and Annuity Factors

B. C.,.apleted Work Tables



DISCOUNT FACTOR

DISCOUNTING TABLES

APPENDIX A

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 0.857 0.826 0.797 0.769 0.756 0.743 0.718
3 0.971 0.915 0.864 0.840 0.73%4 0.751 0.7'2 0.675 0.658 0.641 0.609
4 0.961 0.888 0.823 0.792 0.735 2.683 0.636 0.592 0.572 0.552 0.516
5 0.951 0.863 0.784 0.747 0.681 0.621 €.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 0.789 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 0.3068 0.290 0.229 0.182 0.163 0.145 0.1l16

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 0.11l6 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




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 0.0655 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 0.018 0.016 0.012 0.009 0.005 0.002 0.001 0.003
19 0.031 0.023 0.017 0.014 ©.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 1.8 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 8.8063 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 13.16¢ 11.274 10.477 9.122 8.022 7.120 6.373 6.047 5.749 5.22:2

18 16.398 13.75%4 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 2.9%1 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 3.16l 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 3.912 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 2.8l4 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 3.210 3.771 3.518 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

TABLL 11

OPTION |
FINANCIAL CASH FLOW
COSTS AND DLULFITS PRER ACRE

Years From Project Start

Year 1

2 through 10

Without Project

B0O #00

100 100

9 U 0 0V A

700 ‘ 700

Gross Renefits

Gross Costs

Het Benefitey

With Project — SO

L
Gross Benefits . b o §__2,000
Cost Compunents _ I S e

lnvestment (per-acre well cost)

2,600 v 0

Fuel (per-acre share) 0

Uaual fertilizer and pesticides 1o

Extra fertidizer and pesticides 0

Gross Costs @) o4eme

-1,900

Het Benefits _

Changea Due To brajest

n 1,200

Incremental Broefais

2,600 200

Incremental Costs

-2,600 1,000

CASH FLOW
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TABLE 12

orTION 2
FINANCIAL CASH FiowW

COSTS AND BENEFITS

Without Proiject

———

Gross Benefits

PER ACKE

Years P'rom Project Btart

Year 1

Years 2 through

600

Gross Costs e e 100 . 100
Net Benefits N o ho : 700
With Froject e B —
Gross benefits I S T <1900
e P e o
Cost Components e RN SUNUV ORIt VTN S
Investment (per-acre well coat) 3,000 Q
Fuel (per-acre share) 0 100
Usual fertilizer and presticides 100 100

Extra fertalier

and pesticades

Grosn Costs

Net Benefits b .1 1300

Changes

Increnental Beneflats

1,100

3,000

100

1,700

EESE

Incremental Costs

CASH 1M

- 3,000
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TABLE 13

OPTION 1
BENEFIT-COST RATIO

Discount Rate 5%
PEISUNT PRESKNT
YERR WORTH OF WORTH OF
INCPFMENTAL INCRIDWNTAL THCREMENTAL TNCREMENTAL
COSTS COSTS PINFFITS BENEFITS
pree- — S o e
1 d)scount:
factor | -95 2,600 2,470 0 0
1
I e
2 adjusted : I
through |annuity [ 6.77 200 1,354 1,200 8,124
10 |{actor
Toutal ’ l . 3,804 8,124
OOV UR T S UUUU UL O UUOURRUUTUTUUIOUUIRL S
Prenent Worth of
Incremental henefits
BENEFIT/COST KATIO =
Present Worth of
Incremental Coste
- 8,124
3,824
- 2.12
TABLE 14
OPTION 2
BENEFIT-COST RATIO
Discount Rate 5%
| PRERENT PRESENT
YEAR l WOR'H OF WORTH OF
i INCREMENTAL INCPIMINTAL INCREMENTAL INCREMINTAL
| s TS COsTS BENEFITS BENEFITS
. ——— p—
| !
1 tdiscount,
'fn:l;m’ +.95 3,000 2,8% 0 0
'
— S
2 adiusted'
. i
through janauity 6.77 200 1,394 1,200 8,124
10 Ifastor '
! 1
Total . 4,204 . 8,124

BENEFIT/COST RATIO =

67

Tresent Worth of
Incremental RBenefits

Present Worth of
Incremental Costs

8,124

4,204

1.93




TABLE 15

OPTION L
KET PRESENT WOR1H

Discount Rate S\
ANWUAL PRESENT
INTERY ITAL INCHEMYNTAL CASH WORTH OF
YEAR BIXNEFITS ST TLOW CASH FLOW
1 discount
factor .95 0 2,600 -2,600 -2,470
2 aljusted
through annhui ty 6.77 1,200 200 1,000 6,710
10 factor
| NET PRESENT WOKTH 1,300
TABLE 16
orTION 2
NET PRESLNT WOKNI
Disocount Rate __ 5%
———— e e T e
INTPIMENTAL INCELMINTAL WOpil oF
YEAR HLENLYITS QLTS j§¥e CASH F1OW
1 discount
factor 295 ] 3,000 -3,000 -2,89
2 ad ;e d
through asnuity 6.77 1,200 200 t,a0n 6,770
10 factoen
KET PRESCNT WOlFTH 1,920
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TABLE 17

OPTION 1
INTERNAL RATE OF RETURN

I, Calculate Het Present Worth with different Dincount Fates until you have a
POSITIVL and a HEGATIVE NiW,

CASH FLOW YLAR ) ___;:‘_,D(_I")‘__ CASH FIOW YEARS 2-10 1,000 _—
Trial Discount Pregent Adjunted Present Net Present
Discount Factor Worth Annuity Worth Worth at
Rate Year Yoar 1 Factor Yrars Trial Dis-
Years 2-10 2-10 count Rate
10% oM __r2,360 5.24 5,240 2,874
208} .03 -2,158 3.0 3,360 1,202
o T =202 2.3 2,320 1]
EL L DY . 1.97 L,970 a6
4 ) .1l 1.7 1,700 - 146
I1. TRANSEER FPOM TABLE IV. INTEWPOLATE

High TDR NI'W at

IHR « low TDR +|- Low TOR x ____10W TOR

Low TR —
——— e e HPW at Low TDK

High 7o 40 + Absolute Value
NIW at

lli:: :':Lv_u_-“‘ h :{qh TDR

HPW at IRR u 35 + 5 x 46

Migh ok S146_ [ o ]

ITT.  CALCULATE IRR 35 +[ S x .24 ]

SR s TR 3 e 12

o e300

+ Abyolute Yalue
of NPW at Hiah TOR 192
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TABLE 18
OPTION 2

INTEKNAL RATE OF RETURN

1. Calculate Net Fresent Worth with diffeient Discount Kates until you have a
POSITIVE and a NEUATIVE NPW.
CASH FLOW YEAR 1 _ -3,000 CASH FLOW YFARS 2-10 ___1,000
Trazl Discuunt Present Ad)justed Present Het Present
Discount Factor Worth Annuity Worth Worth at
Rate Year 1 Tear 1 tactor Years Trial Dis-
Years 2-10 2-10 count Rate
10v .91 5,240 2,510
20h | .83 -2,49 3,36 i 3,300 870
'
300 .77 -2,310 732 | e 1o
I5% ! .74 -2,720 | 1.97 1,970 - 250

11.

magh T

Wi at

low TP

NiW at
Hagh TOk

TIL.

High TLK

- low S0k

bW at

TRANSFER FROM TABLE

=250

CALLUIATE

o

irv TUK
4 Ahsolute Yalue

of Niw at M,

IV. INTERPOLATE e o HEW at
IRK = 1ow TOF < b Tow TDi x ~ms VO TOR
R .ow TDE ow TDR X TUET At 1w Thi
+ Aluinlute Value
of v at
High T0R
IRk = 30 ol 9 X 10
260
ki = 10 ,[_ N .03 :l
1FR = 10 4 19
kR = 3.1y
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Transfe

I

TABLE 22

EHADOW PRICING WORKSHEET
OPTION 1

information from scanario
for breakdown of wall in-
vestmant costs {pp. 29-30}

other cost and benefit data

from ner-well financial
cash flow (p. 44)

Aultiply the financial value
by the shadow pricing factor
to get the economic value.

When no shadow price has been

set,

use the financial value -

shadow pricing factor = 1.

1 shadow pricing factors
from table 19

GROSS BENEFITS

Financial Shadow Pricing Economic
Value of Rice Yield Bendfits Factor Benefits
Without project and
Year 1 with project 80,000 .92 73,600
Years 2-10 with project 200,000 _ .92 184,000
INVESTHMENT COSTS
Financial IShadow Pricing Loonomic
Companent. ost Factor Cokt
Impor equipment 140,000 1.4 19%,000
1 SR ST il RN S VUSRI SO .
Foreilyn contrantors 40,000 1.° 60, 000
30,000 1 30,000
LG, 000 1 50,000
Uitk 1L led domentic Labor 16, 00l . 5,000
—— - S e e B iiaataantutt e B
TeRL Y60,000 340,000
RECUKRENT COsTY
Without Project Financial Shadow Pricing Lconomic
and Year | Witn Cout lactor Cost
Froject: fertali-
zer and pesticaide 10,000 ¥ 20,000
Years 2-10 with
proyest. paomp 10,000 ? 20,000
o ration
tertilazer anca 20,000 2 40,000
pestacide
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TABLE 26

OPTION 1
NET PRESENT WORTH

piscount hate 10% Units T.1,000
ANKUAL PRESENT
INCREMENTAL INCREMENTAL CASH WORTH OF
YEAR BLCXEFITS COSTS FLOW CASH FLOW
1 discount
factor .91 0 340 -340 -309
2 adjusted
through [annuity 5.24 110 40 70 367
10 factor
NET PRESENT WORTH 58
TABLE 27
OPTION 2
NET PRESENT WORTH
Discount Rate __10% Units T.1,000
ANNUAL PRESENT
INCREMENTAL THCREMENTAL CASH WORTH OF
YEAR BENEFITS COSTS FLOW CASH FLOW
1 discount
factor 91 o] 260 -260 -237
2 adjusted
through |annuity £.24 a8 32 56 293
10 factor
NET PRESENT WORTH 56
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TABLE 28
OPTION 1

INTERNAL RATE OF RETURN

Uni

te

T.1,000

I. Calculate Net Present Worth with different Discount Rates until you have a
POSITIVE and a NEGATIVE NPW.
CASH FLOW YEAR 1 _ -340 CASH FLOW YEARRS 2-10 oo
Trial Difscount Present Adjusted Present Het Present
biscount Factor worth Annufty worth Worth at
Rate Yeay 1 Year 1 Factor Yc ars Trial Dis-
Years 2-10 2-.0 count Rate
10n ) -309 5.24 167 58
15% .B7 -296 4.15% 280 -6
II. TRANSFER FROM TAHLE IV, INTERFOLATE [T ) NEW at
fligh TOLR Low TOPR
Low TOR Yoo IRR = Low TDH 4 |- Low TOR x oW ot low TR
High ToR 1% + Absolute Value
of N
NPw at Hi(:lm':‘n:'-
Yew TR SR !
HPW at
10 8
Ligh ThR -6 TRe= 10 e 5 ox 58
. A e s e e 64
11, CALCULATE MW~ A0 4 [ k2 x _.'11_-___]
High Thk
- - 1n 4.55
L T 1) . T o et
NPW at low TLu R o= 1455
4+ Ahoolute Value

of NIW at
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TABLE 29

OPTION 2
INTERNAL RATE OP RETURN

Units T.1,000

1. Calculate Net Present Worth with different Discount Rates until you have a2
POSITIVE and a NEGATIVE, NPW,

CASH FLOW YEAR 1 __ -260 CASH FLOW YEARS 2-10 56
Trial Discount Present Adjusted Present Het Present
Discount Factor Worth Annuity Worth Worth at
Rage Year 1 Year 1 Factor Years Trial Dis-
Years 2-10 2-10 count Rate
154 .87 -226 4.15 232 5
20% .83 -216 3.36 148 -28
1I1. TRANSFER FROM TABLE IV. INTERFOLATE
. NPW at
High TDR Low TDR
15 - —_— .
Low TDR 15 IRR = Low TDR ¢ {- Low TDR x ~gug= "7 5 7DR
High 1DR (U + Absolute Value
o oL
Low TDR 6 9
NPW at
X ' 5 I1RR = 15 + I_ 5 x 6
Migh Tok 98 [ 13
1T1. CALCUIATE IR = 15 .[ 5 « 18 :I
High TDR IRR = 15 . 9

IRR =  15.9
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TABLE 31

Option 1

Economic HI'W per well

Distribution-weighted
Pruject NitWw =

Option 2

Econonmic Hi'W per well

Distributivn-weighted
Project NiW =

Units 1000 taka

58

S8___ x 500 x .B

42,630

- O
X
56
56
6y
s6
64624

78

x 500 x .67 = 19,430

200

x

x

1

1.

2

= 23,200

.67 =

.a

3

7,504
8,960
11,200
14,560

22,400



