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SECTION 1

INTRODUCTION

To enjoy sustained development, a nation must find sources of energy
that are dependable, renewable, and feasible. Solar energy, including all
solar-driven renewable sources, is politically attractive and economically
feasible under certain conditions. Solar energy is feasible because once
it is installed, balance of payments deficits for energy are reduced and
because a great portion of the solar energy industry may be available
within a country's ;xisting agricultural and industrial infrastructure.

Solar energy system components are typically not high technology and could

apply the comparative advantages enjoyed by many nations in small manufac-
tures, agriculture, and labor.

Photovoltaics (PV) is an emerging solar technology that has shown its
cost effectiveness in the United States and elsewhere in increasing num-
bers of applications. Flat plate photovoltaic energy conversion systems
have the capability of providing electrical energy in remote locations or

in any location where solar cells can be arrayed to collect solar emergy.

The PV electric generator has no moving parts, has few parts that require
servicing and is composed of components which, with the exception of the
solar cells themselves, are recognizec, well-known, relatively Ilow-~
technology industrial products, The system can be prefabricated to permit
installation by individuals with little formal training in electricity or
electronics. Typically, the appliances or devices powered by the photo-
voltaic system are likely to be more complex, requiring more maintenance,

than the electricity supply itself.
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Photovoltaic energy conversion systems comprise solar cells and other
components that support those cells in providing usable electricity.
Those supporting components are refered to as the balance of the system
(BOS). The BOS is subdivided into five categories: array and structure,
electrical, storage, installation and checkout, and other. The major part
of costs in stand-alone PV installations is in BOS components. As the U,
§. Department of Energy realizes its goal to reduce the cost of PV modules
by 1986, those BOS costs will be even more significant.

This study addresses the use of photovoltaic technology in countries
that do not presently have high technology industrial capacity. The pro-
ject determines the relative cost of integrating indigenous labor (and
manufacturing where available) into the BOS industry of seven countries:
Egypt, Haiti, the Ivory Coast, Kenya, Mexico, Nepal, and the Phillipines.
Some of the results may be generalized to other countries, at most levels
of development.

Following this introduction, Section II presents conclusions and re-
commendations. Section III describes the methodology used in carrying out
the research project. Included in that section are discussions of the
research design and the tools used, including data collection and computa-
tional assumptions. Section IV deals with the results of the study. In
synopsis form, the collected data and the system costs for all seven
countries are given. For comparison, the analogous data and calculations
are made for the United States and presented in the synopsis. Appendix A
provides the data collected and the system costs in detail, presented in
tabular form for each country. Appendix B provides a reproduction of the
questionnaires used to collect data, and the names of individuals who
supplied information for the study. Appendix C presents the full Fortran

coding of the calculation program.




The relative costs of solar technologies depend on existing energy
infrastructure, including national priorities and the supply and distri-
bution system. In general, however, development at almost any level im-
plies an increased demand for energy; traditional fuels are practically
infeasible to apply in increasing proportion; thus, renewable fuels appear
very attractive. Economic development progresses directly as energy
availability. Energy drives industry, agriculture and investment in human
capital as well. 1In addition, as energy demand increases, investment in
energy industries is likely to increase, and economic development is
stimulated.

Much information used in this research was available at embassies of
the seven countries in Washington, DC. The remainder was collected by mail

as described in Section II, "Methodology."
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SECTION 1I

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The results of the study imply several conclusions:

The cost of installing and maintaining comparable photovoltaic sys-
tems in developing countries is less than that in the United States.
Those countries with the lowest wage rates show the lowest system
costs.

Skills and some materials are available in the seven subject coun-
tries that may be applied to constructing and maintaining PV systems.
There is an interest in foreign countries in photovoltaics. There is
not yet a strong bias against PV in favor of other solar technologies,
but in some countries and some bureaucratic echelons there exists a
misunderstanding of the technology and its attendant costs and
benefits.

Conversations with foreign nationals suggest that photovoltaics must
be introduced in foreign markets as an appropriate technology with
high technology components rather than as a high technology system.
Socio-economic institutions, such as barter, significantly complicate
the determinstion of feasibility. That is not to imply that they will
hinder the introduction of photovoltaic technology.

For those countries that supplied minimum-wage data, the labor is

often not available at those rates, but at higher rates.

i




Recommendations

Based on the experience of performing this study, there are geveral

implications for further research into this area.

1.

Life-cycle system costs for other alternative energy sources should
be determined for the countries under study. At a minimum, electric
rates are essential to make wise investment decisions concerning
energy source infrastructure.

Socio-cultural or economic behavioral considerations ought to be in-
cluded in the specification of the system trade-offs. For example,
there is a trade-off between maintenance-free components and man
power. Such trade~offs are made differently within different socio
economic contexts.

Demonstration experiments should be initiated that would make maximum
use of local labor and capital inputs, perhaps in one of the included
countries, to install a photovoltaic system. For examples, contacts
in the Philippines, have expressed a degree of local willingness to
cooperate and even to contribute to such an experiment.

Data must include unemployment within labor classification, minimum
wages, and market wage rates. All data are necessary to determine
realistic system costs. Workers are hired at prevailing market
rates, not necessarily at minimum wage. It is recognized that meny
data are not available.

Continually changing energy markets in the world economy require
periodic evaluation of relative feasibility of energy alternatives.

U.S. Department of Commerce generic Industry Profiles may be used to

characterize potential BOS manufacturing. In order to make use of the

profiles, the costs of all the inputs to each industry must be avail-




able so that a total cost may be calculated for the production process
and an average unit cost derived.

Relative prices among countries do not determine the feasibility of
photovoltaics. The acceptance of the technology depends primarily on
the relative prices of alternative energy sources within a national

economy .




SECTION 1III

METHODOLOGY

The methodology addresses the problem of calculating system costs for
a standardized photovoltaic system, using local inputs. The methodology
has the following five aspects:
1) definition of a standard photovoltaic system
2) determination of the labor and materials input requirements per
unit of each BOS component.
3) collection of price data in the foreign markets for labor and
materials that are available in the BOS areas
4) construction of cost calculation assumptions and algorithms
5) calculation of system cost based on the generic system configur-
ation and collected data.

Standard System

There is no standard PV system, but for comparison purposes, a 1000
peak watt system with the attendant BOS requirements was defined for this
study. In addition, there is no functional relationship between the peak
power of a system and the magnitude of the BOS components. A system would
have components that fall into each of the five BOS categories mentioned in
Section I. In specifying the system, a compromise was struck between a high
enough level of detail to calculate a meaningful, comparative system cost,
and low enough level to permit the collection of useful data.

The configuration of the standard 1000 HP system was specified as
follows:

o 1000 WP photovoltaic modules

-7-
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° 2500 watt-hours of battery storage

o 10 square meters of shelter structure

o 20 meters of fencing

° 200 meters of wire

o  miscellaneocus (constant)
These figures are based on experience with existing systems; they are
abstractions or simplifications, since there are neither load nor insola-
tion paramaters specified. The miscellaneous input was included for ac-
counting reasons.

Input Requirements

Based on previous work, each BOS component was broken into the mater-
ials and labor that compose it. This determination was done in the first
days of the study, so that data could be collected in a timely fashion from
foreign sources. The labor categories that were determined to contribute
to BOS components either at the construction phase or in the manufacture of

components, are:

° Laborer o Machinist

-] Electrician o Welder

o Carpenter o Mason

o Pipefitter/Plumber ° Heavy Equipment Operator
o Foreman

The composition of the components were specified as shown in Table III-l.
Most of the inputs were available in the economies of foreign countries.
The collection of data was simplified by expressing the information sought
in terms understandable to people that may have no exposure to solar energy

systems,




TABLE 1III-l

COMPOSITION OF COMPONENTS

Array and Structure

8. structural steel

b. ftencing (wood, steel, blocks, locks)

¢. construction materials (wood and blocks)

d. ventilation equipment (louvers, fan)

e. labor
Electrical
a. vire

b. voltage regulator

¢. inverter

d. boxes

e. insulation plastic
£. labor

Storage

8. batteries
b. labor

Installation and Checkout

8. labor
Other
a. labor




There has bdeen no work reported to date in disaggregating labor and
other inputs in PV systems costs. Typical labor requirerents for system
construction were subjectively synthesized, based cn previous experience
and knowledge of the construction requirements for other systems. The
labor input requirements assumed for system installation are presented in
Table 1I1-2,

Operating and maintenance extends throught the system lifetime, but
because of the peculiar nature of photovoltaic experience and the variety
of economic contexts being studied, some simplifying assumptions were
made. Checkout is considered as O8M during the first year, and is assumed
to be the only significant such cost over the system life. In particular,
O&M is expressed entirely as lsbor costs, outlined in Table III-3. First
year requirements are given, the second year is assumed to be the year
requiring minimum OSM. The minimum amount as well as the requirement
during the last year of the life cycle are also given.

Price Data

Foreign vage and price deta were collected by sending data worksheets
to individuals identified as likely sources. The embassies of the coun-
tries in question were visited for the suggestions of their staffs, and
local contacts were approached directly. Many data were available from
previous work done in the subject countries by Georgia Tech personnel, from
United Nations documents, from the appropriate ministries of the national
governments, from embassies, and from other contacts made previously, but
some data vere collected or clarified by telephone contacts. Very little
information was collected fror the initial mailing. Follow~up cables,
telexes, telephone calls, end visits were required to assemble sufficient

information to make meaningful system cost calculations. Some zdurces

~10-
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TABLE III-3

OPERATING AND MAINTENANCE REQUIREMENTS
FOR STANDARD PV SYSTEM

Hours Required Hours Required
Labor Category First Year Second Year
Common Labor 100 80
Electrician 80 0
Carpenter 40 0
Foreman 40 1
_1 2-

Hours Required
Final Year
100
10

5
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were hesitant to provide data, because of price uncertainty due to high
rates of inflation. The ultimate sources of information are found in
Appendix B.

There are deficiencies in the data worksheets that did not show up
until it was attempted to make use of the data. It is recommended that the

following improvements be made in future data collection efforts of this

type:

o] inquire concerning length of standard work week and work day.

o inquire as to average worker productivity

o specify type of wage: minimum, average, union/non-union/urban/
rural/etec.

o include labor classification of foreman or supervisor

o specify thoroughly the products (e.g. copper or aluminum wire,
exact metric gauges, etc)

o indicate what to enter in data sheet if question is not applic-
able

o choose units, items, etc. so that non-comparability is minimized

Even when these suggestions are taken into account, the collected data may
be inadequate to permit detailed cost calculations.
Since some countries produced no goods in some industries, method-

ology wcs developed to determine the likely cost of such commodities if the

industries were to be established. The methodology is based on using the

U.S. Department of Commerce generic Industry Profiles. Such profiles

exist for several industries that make products that are included or pro-
ducts that are similar to those in the balance of systems, such as plywood,
creosoted wood products, concrete blocks, steel bars and shapes, flexible

steel conduit, copper wire, chain link fencing, electric outlet switch and

-13-




fuse boxes, and automobile batteries. The profiles identify and quantify
the input requirements for each industry. It was impractical to incor-
porate that information into the calculation of costs of those components
in foreign countries due to data limitations, and default values were
provided.

The system configuration in this study is illustrative. Based on
previous BOS experience, a per-unit cost was determined that would provide
sufficient accuracy in comparative calculations. Specifically, the fol-

lowing unit prices were used:

Photovoltaic Modules $10 per peak watt
Batteries $0.25 per watt-hour
Shelter Structure $215 per square meter
Fencing $6.52 per lineal meter
Wire $0.46 per lineal meter.

These prices are useful only for system installations within the United
States. Outside the United States, the prices are not applicable, but
where no data are available, these prices are used as default values.
Price data were assumed to be f.o.b. the manufacturer or his designated
delivery point. Freight and tariffs are significant in the cost calcula-
tions, but they are not expressly included here.
Assumptions

Cost calculations were based upon the state of the art system design
methodology, with a provision for permitting the substitution among compo-
nents according to the desires of the operator. The cost calculation uses,
as inputs, the set of price data, the system configuration, the labor input
requirements, inflation, discount, and interest rates, and operating and

maintenance requirements. It is assumed that the installation is fi-

~14-
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nanced, and that the loan is repayed in equal annual installments. In the
absence of data supplied for the subject countries, default values were
provided.

Calculations were done by using a number of equations specified with
the goal in mind to keep the calculation methodology as general as pos-
sible. The procedure is broken down into several parts:

1) Construction Cost

2) Operating and Maintenance Cost

3) Finance Costs

4) Total Life Cycle Costs and Cash Flow

5) Net Present Value of Life Cycle Costs

6) Correction for Inflation

7) Conversion to Equivalent U.S. Currency

Parameters may be specified by the individual performing the calcula-

tions. However, default values in our calculations are as follow:

interest rate = 10%
inflation rate = 10%
discount rate = 6%

life cycle = 20 years
term of loan = 20 years
down payment = 0

Calculations

The calculations may be done by hand, but computer tools were used to
simplify and streamline the operation. The full computer coding is given as
Appendix C, but the definitional equations are presented here. The list of

variables appears as Table III-4.

-15-




a. =
b §

e, =
1

f. =
1

CF, =
J

COST =

D =

ER =

F =

1 =

LABOR, =

1

LCC =

LW, =
1

M =

MAIERIALj =

MC. =
J

N =
MLABOR, .=

OMLA RJ.1

0&M. =

]
P =

TABLE III-4

LIST OF VARIABLES

construction/installation labor requirement for

labor category i per peak watt

construction/installation labor requirement for

labor category i per meter of wiring

constant for labor category i

cagsh flow in year j

system construction cost

discount rate

the exchange rate in U.S. dollars per unit of
foreign currency.

fencing length in meters

interest rate

requirement for labor classification in installation
life-cycle costs

wage rate for labor classification i

year in which O & M labor requirement is minimum
requirement for material type j in construction
material cost per unit for material type j
length of useful life of system

operating and maintenance labor requirement for
labor category i during year j of system life
operating and maintenance costs during year j
original financed principal amount

(construction cost minus down payment)

-16-
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TABLE III-4 (Continued)

PMT =
Rj =
REAka =
] =
T =
usz =
w =
WH =
Wp =

N
[

annual payment on loan (debt service)
inflation rate in year j

the inflation ad justed value of X,
shelter structure size in square meters
term of loan

the equivalent of Z in U.S. dollars
wiring length in meters

storage capacity in watt hours

peak wattage of system

any money variable in year k

any money variable in foreign currency

-17-
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1) Construction costs are the total of all component costs and the labor
to install them. The materials requirements are discussed under

"Standard System,'" while labor requirements are detailed under "Input

Requirements."
(1.0) COST = I (LABORi x Lwi) + I (MATERIAsz x MCj)
1 j
(1.1) LABOR; = a,Wp + b.WH + c.5 + d.F + e,W + f;

2) Operating and maintenance costs are born throughout the lifetime of
the system. It is assumed in this calculation that operating and
maintenance can be approximated with a two parabolas sharing a minimum
point.

(2.0) O&Mj = I (OMLABORj

. ;X Lwi)
i

. 2
(OMLABORl’i - OMLABOR.M'i) x (j-M)
(2.1) OMLABOR, . = + om.mso&M .
J,1 2 s 1
(M-1)

when j -1 < M

. 2
(OMLABORN’i - OMLABORM’i) x (3 -M
(2.2) OMLABOR. . = + OMLABORM .
)1 2 y1
(N-M)

when j -1 > M

3) There are three options available for paying for the system:

o cash at the beginning
o financing with equal payments over the term of financing
o financing with equal payments to a point and a payoff at the end

of the term (equal payments may be zero)

-18-
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The calculation was done assuming the second option.

(1 + I)T x P
(3.0) PMT '—,i.L
: (e« pit
i=1

4) Cash flow is the sum of all costs every year for the life of the
system.

(4.0) LCC= I CF,
j hj

4.1 CF. = PMT. + O&M,
(4.1) J ] J

5) Net present value is the value today of a stream of life-cycle costs
based on the relative value of money at some future time compared to

the present--the gso-called discount rate.

CF.
N b

(5.0) NPV E I ——
j=1 (1 + p)J

6) The value of these figures is affected by inflation. 1In order to
reflect the buying power of the cash flow involved, the figures are
corrected for inflation, by expressing them in terms of currency of the
construction year.

k
m(1+R,)
j=1 ]

(6.0) REALX, =

7) The value of international exchange is determined from day to day on

the foreign exchange markets.

(7.0) USZ = Z x ER

-19-




The costing program is written to permit specification of inputs or to
rely on default values. The program was constructed based on the assumption
that system configurations are variable, conditions of insolation and
geography diverse, and socio-cultural trade-offs numerous. Therefore, it
is useful to leave the options open to apply any relevant set of hypotheses.

The progrom is capable of taking into account economic conditions, wages and

prices, exchange rates, operating and maintenance requirements, system con-
figuration, labor input requirements, and capital (components) input

requirements. The calculations were performed for each country, based on

the useful information obtained from that country. Other values were
defaulted.

The output is in the form of system costs, as described in Section IV,
integrating indigenous labor into BOS production. The construction cost,
life-cycle cash flow, present value of life cycle cash flow, and both cash
flows corrected for inflation are given in both local currency and U.S.

dollars. Examples output are Tables A-1 through A-8 in Appendix A.

-20-
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SECTION IV

RESULTS AND OBSERVATIONS

This section reports the numerical results of the research, from
vhich the conclusions of Section Il are drawn. In addition, further
relevant observaéiono are made, on which the recommendations of Section II
are based.

Results

The results of this study belong to two groups: 1) data collection
results and 2) system cost calculations. Both the data and the cost
calculation results are presented in country-specific form in Appendix A,
but summarized in this section.

The data collection included wage and product information. The wage
data are nearly complete, but product data were seldom available, and when
they were provided, they did not always fit well into the standard system
configuration that was postulated. The country specific labor data, sum-
marized in Table IV-1, are expanded in tables A-1 through A-8 in Appendix
A.

The design phase of the data collection did not take into account that
there is a large variety of talents and skill levels for each category.
(e.g., finish/rough carpentry, house/water-main plumber, bulldozer/
tractor/crane operators, etc.) There was also a large regional differen-
tial in wage rates among urban and rural areas. Thus, for each data set,
the appropriate wage rate or an average was used for calculations. 1In
addition, some of the data were collected with the intention that they

would be used in costing out component manufacturing processes. Hovever,

-2]-
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more information would be required to do that. Thus, not all the data were
used.

Price data were collected for a large variety of commodities, but the
following were useful, vhere they were available: batteries, wire, build-
ing construction, and fencing. Again there is a degree of ambiguity that
made the data difficult to use. (e.g., commercial/industrial/domestic
construction, etc.) In each case a judgment was made to be able to make
use of the data. Table IV-2 summarizes the component price data ti.at were
used in calculations.

The cost calculation results are given in tables A-9 through A-16 in
Appendix A. They are presented in synopsis form in Table 1V-3. A system
cost is calculated for the United States data for comparison purposes. The
differences among system costs are generally due to labor input costs at
two levels -- in the installation of the system and in the manufacture of
the system components. The cost impact from installation is calculated,
vhile the cost impact of using components manufactured with local labor is
factored in by using local prices for domestically produced commodities
vhen avaiiable. The life-cycle costs of the systems augment the construc-
tion coste by debt service and by operating and maintenance costs. O & M

is largely labor, and in our calculations it is assumed to be entirely so.

Observations

Photovoltaic design proc=diires range in complexity from computer pro-
grams to slide rules. Most published work to date assumes U. S. prices of
the late 1970's, a developed economy, & clear cost effectiveness with (or
in the atsence of) competing electric grid supplied power, and an implicit
level of risk aversion. Load profiles are also assumed to be established.

In fact, few of those characteristics exist outside the United States. To
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design systems in a universal fashion, these factors nust be taken into
account on an individual basis. There must be interface between the
pricing and the sizing portions of the design procedure. And there must be
explicit recognition of the many facets of energy demand, including vari-
able load profiles and willingness to take risks.

There are cost and technology trade-offs among the various components
of PV systems. Within reason, for one example, battery capacity may be
replaced with PV generation capacity. More cells will generate electric-
ity on cloudy days, obviating the need for battery storage during periods
of cloudiness. In another example applicable to relatively inexpensive
labor, we observe that batteries are made with or without maintenance
requirements. Maintenance requires man-hours of labor, but maintenance-
free batteries cost more. As a third example, if reliability requirements
are reduced, other components may be reduced. If the user is willing to
take the chance that demand will coincide with sunshine, or that battery
discharge will be of one description and not another, then designers may be
able to include fewer or less expensive batteries in the system.

Demand for energy is a culturally defined phenomenon. Demand will
slowly change as sources of energy change and are ac-:epted, but initially
the existing energy-related behavior will define the load on new sources.
If PV replaces oil lsmps, then people will want to use PV-powered lights in
the same way as they used oil. If PV replaces horses, then the machinery
powered by PV will be used according to the same schedule as similar
machinery driven by horses. If machinery is placed where there was nothing
previously, then there is no characteristic demand profile, and it can be

molded.
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In societies where electricity and electrical appliances are used and
maintained, then the technical expertise to deal with them is likely to be
available. Since the technical level for much BOS installation or opera-
tion and maintenance is no higher than for such appliances, then PV system
construction and support are feasible. On the other hand, in some socie-
ties, there is presently no electricity. Thus, it is much more iifficult
to locate skills adequate to participate in the installation of PV systems.

The recognition of PV cost effectiveness will increase demand for
systems. That will imply increased demand for components that can be

produced locally. Thus, industrial development will be stimulated.
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APPENDIX A
DETAILED DATA AND COST CALCULATIONS
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TABLE A-1
LABOR DATA FOR EGYPT

Labor Category Wages in Pounds/dgy1 Wages in U.S.$/day2

Laborer 3 4.30

Machinist 30 42.85 |
Welder 50 71.40

Electrician 10 14.30

Carpenter 40 57.15

Cement Mason 15 21.45

Pipe Fitter 25 35.70

Heavy Equipment Operator 25 35.70

1. Source: A. Alaa El-Din Nazmy, Third Secretary, Embassy of the
Arab Repudblic of Egypt.

2. Exchange Rate: 0.70 L.E./U.S. dollar. Effective November 15,
1979 (Source: First National Bank of Atlanta)
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TABLE A-2

LABOR DATA FOR HAITI
Labor Category Wages in Gourdes/day2 Wages in U.S.$/day1
Laborers 11.00 2.20
Machinist 30.00 6.00°
Welder 35.00 7.00
Electrician 25.00 5.00
Carpenter 25.00 5.00
Mason 35.00 7.00
Pipefitter 25.00 5.00
Heavy Equipment Operator 873.00/month 175/month
Foreman 38.72 7.75
1. Data was collected in U.S. dollars during a trip to Haiti in

October, 1979 and then converted to gourdes.

2. Exchange Rate: 4.99

Gourdes/U.S.

Dollar, effective November

15, 1979 (First National Bank of Atlanta)

3. Estimated by relative wages for similar categories
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TABLE A-3
LABOR DATA FOR IVORY COAST

Labor Category Wages in Franca/mo.l Wages in U.S.$/month2
Laborer 27,408 109.65
Machinist 54,576 218.30
Welder 82,224 328.90
Electrician 87,357 349.50
Carpenter 87,357 349.50

Mason 87,357 349.50

Pipe Fitter 68,986 275.95

Heavy Equipment OpE}ator 109,152 436.60

1. Source: Ivory Coast Chamber of Commerce

2. Exchange Rate: 250 FCFA/U.S. dollar. Effective November
15, 1979 (Source: First National Bank of Atlanta)
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TABLE A-4
LABOR DATA FOR KENYA

Wages in Shillings hourl’2
Labor Category m:’.rob—:'.“§ :ther - in Uvgggjhour3
ares urban rural
Laborers 2.30 2.25 2.15 .30
Machinists® 3.40 3.30 3.10 44
Welders 3.75 3.60 3.30 .48
Electricians® 3.40 3.30 3.10 4t
Carpenters® 3.40 3.30 3.10 &b
Masons® 3.40 3.30 3.10 b
Pipefitters” 3.40 3.30 3.10 b
Heavy Equipment 3.70 3.55 3.25 48
Operators
Foreman 5.89 .80
Housing Allowance 90.00/mo. 75.00/mo. 60.00/mo. 8.10/mo.
1. Minimum wages effective October 30th 1979, housing allowances

must be added. Source: Kenya Ministry of Labor.

2. The data for skilled tradesmen in Kenya was subdivided into
three levels, any of which appear to be qualified to do unsupervised
work. Some of the data in this table are the middle of the
three categories.

3. Exchange Rate: 7.4 shillings/U.S. Dollar, effective November
15th, 1979. Values are converted from the column marked "other
urban." (First National Bank of Atlanta)

4., These labor categories fall under the label "general tradesmen"
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TABLE A-5
LABOR DATA FOR MEXICO

Labor Category Wages in Peson/day1 Wages in U.S. $/day2
Laborer 150 6.65
Machinist 375 16.65
Welder 375 16.65
Electrician ' 375 16.65
Carpenter 375 16.65

Mason 300 13.35
Pipefitter 400 17.51
Bulldozer Operator 375 16.65

1. Effective 1980. Source: Ricardo Alvarez

2. Exchange Rate: 22,50 pesos/U.S. dollar, effective February
12, 1980 (First National Bank of Atlanta)
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TABLE A-6
LABOR DATA FOR NEPAL

Labor Category Wages in nupee./month1 Wages in U.S.$/nonth2
Laborers 200 16.70
Mechinists 290 24.20
Electricians 3203 26.70
Welders 2903 24.20
Carpenters 3904 32.50
Masons 390% 32.50
Pipefitters 390 32.50
Heavy Equipment Operators 4506 37.50

1. Effective October 30, 1979. Source: Nepal Ministry of industry
and Commerce, Department of Lebour

2. Exchange Rate: 12.00 Rupees/U.S. Dollar, ecfective Novemher
15, 1979 (First National Bank of Atlanta)

3. May be as high as 390 Rupees

4., May be higher
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TABLE A-7
LABOR DATA FOR THE PHILIPPINES
5 Labor Category Wages in pemllmonthl Wages in U.s.slmonth2
Laborer 330 44.90
Machinist 444 60.40
Welder 472 64.20
Electrician 454 61.80
Carpenter 4186 56.60
Cement Mason 394 53.60
Pipe Fitter 424 57.70
Heavy Equipment Operator 544 74.00
1. Mean wages for Manila effective March 1979 assuming a 48-hr. work week.

Source: Philippine Minigtry of Labor

2. Exchange Rate: 7.35 Pesos/U.S. dollar. Effective November
15, 1979 (Source: First National Bank of Aclanta)
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TABLE A-8

LABOR DATA FOR THE UNITED STATES

Labor Catc;otz

Laborer

Electrician

Carpenter

Mason

Pipefitter

Heavy Equipment Operator

Supervisor

1. Prevailing union wages effective July 1979,

Wages in U.8. $/hour

1,2

11.13
15.30
14.20
14.20
15.40
14.00

(percentage)

Source: National

Construction Estimator, Craftsman Book Co. (1979)

2. Including benefits
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TABLE A-12a
SYSTEV COSTS FOR KEMYA
(in Kenyan Shillings)
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TOTAL CONSTYRLCSTION COSTSE 221%02,098

CASH FLOW
Ca5r FLlhm CORFLCTUC FCR INFLATION
YF PAYMINY M2InY, COS1/YE PAYPFENY mA INT, CCST/YR
COMNFRYPINTS [TYd4 DONKPAYPFERNT S 0.6C
1 13240, 20 LA TR XY 1t3C6.00 11646, 27 e12.55 1282:,.62
H 13264,22 234,62 138,66 10862, €7 177 043 11040.4C
b 128404,27 21%. (¢ 132¢9.25 GSETE, 43 1€1.57 10037.00
& 13344,20 e1€.,32 132€0.32 8G577.€6 147461 ¥125.28
5 13146, 20 237. €1 13%€2,11 83161.%1 135.31 829%6.02
[ 13344,20 22C. 42 13%€4.€2 Thi19,56 126402 75u63.98
7 13848023 223.¢€4 133€7.84 6T45%.05 11447¢ 6853.¢€2
[ ] 13844,20 227.5¢ 13271.7¢ 6131.87 106.17 6238.02
€ 1314k, 20 222,22 13276402 §574s 42 €8.69 5672.91
10 13146, 290 237, €3 133¢1,.00 5067. €6 91.61 5159.2¢
11 12144622 263, €8 13267,8¢ 4606, €6 ESeb1 4692437
12 131466,2) 250, 4¢ 133¢€4,.8¢ L182.15 T79.82 L267.9¢
13 13104023 ést. 01 134C2.213 3607, 41 ThelTs 3882.14
14 13144420 25¢€, 24 12610.44 Jubi, 28 70438 3531.3¢%
15 13144.20 er¢.13 13419.3¢ 336k. €2 £5.88 3212.50
1€ 1314ke22 254, E€ 13428,0¢ 2860, %6 €1.96 2922,.5¢
17 13144.29 295. 24 13429,464 2600, 51 Sd.61 265b6.92
1e 1244020 20€. 24 134%0.54 2364410 55.4C 2419.20
i€ 1334420 .15 13L€2.3°% 214G, 18 £2.02 220%,20
20 13244.20 330.€¢ 13uTwe bt 1953, 80 49.15 2002,9¢
10T  2628223.%3 5132 %2 111503, 68 i682.53
CaSr FLCWS 2€LETT.OC ACJUSTED CASk FLCHW? 136586.51
NPV OF CASr FLCWS 156Z24.8€ ALJUSTED MPV2 TT4b2.90
TABLE A-12b
SYSTEM COSTS FOR KENYA
(in U.S. Dollsrs)
KENYAS FIGLRES IN L+Se DCLLARS

TO0T8. LA20R COST! 175,16
TOTAL PATERIZLS COSTS 146347.03
TOTAL CCNSTALSTIOM COSTS 15122.1€

CASn FLOW
CASH FLCW CORRECTEO FOR INFLATION

YR PAYMEANTY ¥AINT,. =CCST/YF PAYMENT KAINT, CCST/YR
DOMNFAYPTINT S . 0.00 DOWNPAYFENT S 0.00
i 177€. 24 12¢%. 70 1605.9% 16140 77 117.93% 1732.¢8
2 177€.20 29.014 1£05.2¢ 16467457 23.98 14691.9¢
3 177¢€. 24 29.0¢ 1805,.3C 1334,52 21.83 1356,3¢
b 177€ecle 2%.21 1005.45 1213.20 19.95 1233.15
L1 177€.2w 29. 4" 1805.¢¢ 1102.91 18.2¢ 1121,.19
[ 1776, 24 2¢€.79 106,03 1002, E& 16,84 1019,4€
7 177€.24 30.22 180b ekt 511.49 15.51 927.0C
[ 177€.24 30.7¢ 1¢07.00 028.¢3 16,35 842,98
9 177€. 2% 31.238 1807.63 753. 30 13.31 766,61
10 177€.26 32.114 180835 €84, £2 12.38 697.20
11 177€. 20 30.¢3 1809.17 622. %6 13154 €36.1C
12 177¢. 26 33.¢% 1810.0¢ 565, ¢7 10.79 $76.75
12 1776 20 Juo b7 181134113 514451 10,10 524461
14 1776.24 35.¢8 1812.22 467.76 947 WT7.21
15 177€. 26 37.19 31813.43 625,22 8,90 36,12
16 1T76e ke 3.9 JeikeTt 38¢.56 8.38 3G4e 90
17 177620 35.%0 181614 351,42 T.89 359.31
ie 177¢.26 Ll.40 1817,.64 319,47 T obS 326,92
15 1776, 20 42.5¢ 1819.24 é90.43 T.03 297, 4¢
20 177¢.24 b, €Y 1£20,.93 264, 03 L) 270.¢7

101 35526. 86 782, %€ 315124. 16 3e2.5¢C

CASH FLCu 3€287.82 ACJUSTED CASK FLOMWS 15684.606
.qu OF CASr FLOWS 20842.5% ACJUSTED MPVS 1066757
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TABLE A-1)a

SYSTEM COSTS FOR MEX1CO

(in Mexican Pesos)

PEXICCH FIGURLS IN #Ev](Ar FESOS

TOTAL LE“OR COSTE
TOTAL PLTEPILLS COSTs

1R18,41

13882¢.0¢C

TOTAL CCHSTRLZTION COSTe 363187.43

Cesk FLCOW
YK PAYHENT MAIAT.

DOMNFLEYPIATS
165,25 1CEhde e
bl6lt, 26 1%65.5¢
hiWts.2¢ 1573.07
N3485.25 1583.¢¢5
Lib8S.2¢ 1€061.2¢%
“146%,25 1€25.6¢
W68, 26 1€57.72
Li1uds 26 1€9€.%2
416085,26 1762.37
10 L1485.26 179%. 27
11 L146l5.26 1858,23
12 wieds. 26 1922.2¢
13 h1685.26 199¢€.31
14 w16€85.26 2077.43
15  41685.26 2165.€4
16 hi6tbS.26 2260. €4
17 hlebf.2¢ 23¢2.12
18 b1485.256 2472448
19 L1465.26 258¢t. 85
20 b1ut5.26 2712.2¢

TOT 829705.22 47€02.3¢

DO YRR UN®S

CASH FLCKWE
NPV OF CASr FLCwWe

MEXICOL FIGURES 1IN LS,

YOTA. LLZOK COSTs

TOTAL PATERIZLS COSTS

TOTAL CCNSTRUCTIOM COSTS
CASy FLCW

YR PAYMENT MAIANT,

COMNPAYPERT S
1 1843,79 4SS, 22
2 184273 6S.7€ |
3 1843,79 65,91
4 1843.7% 70,36
S 1843.73 71,17
€ 1843.79 12,27
7 1843,79 73.62
] 1842,79 7€.40
9 1843,79 T 0k
10 1843.79 75.7¢
11 1842, 79 82,48
12 1843, 75 85,43
13 1843.73 82.73
14 184,73 92,131
15 1843.79 9€.2°¢
16 1043.73 100,48
17 1843.79 105,02
18 184379 189,29
19 1842.73 115, 0€
20 1842.79 128.5¢

101 JE87%. 7y 2111.21

CASHr FLCuW3
NPV OF CASK FLOWD

COSY/YE

0.0
S1727.74
L3LE6,08
@30EA,32
D3 14108 ]
L3LEESE
43131.24
42142.5¢
©3181.7¢8
©2227.62

03cE0.54 .

L3340 ok
63407.52
W34ti1.57
43%€2.7C
43650487
43746030
G38L6,.38
a3C€ET.72
hel74,11
&4157.5¢

8772C7.52
£05027.42

CCST/YR

0,00
47025.21
35582448
32350,3¢
§9616.65
Z6753.3¢
26335,17
€21359.17
20144, €2
12332.74
16686.5¢2
15190.5¢
13830.97
12595.0¢
11471.42
100469,67

9520442
8675.17
7906.1¢
720607
6569,6¢

Chsr FLOW
CORPECTED FOF INFLATION
PAYHENT PAINT,
DCHNPLYPENT S
37713, 87 £311.34
34285, 26 1267.15
3116¢.49 11¢1.87
26234, %9 10€2.66
2575%. 08 G56.2¢
23617, 35 917,82
21286, 50 65G.67
16353, 18 TE€1ebd
17593, &80 T26.93
1559 4. 26 6%2.16
14560,23 €50.25
1321648 €12.49
12C1¢. 86 $78.26
10624, 37 $547.05
9931, 2% 5318443
SC28. 40 45202
8207. €4 HE7.53
T663.49 LYY 1)
6782 17 “23.30
€16¢€.52 403.17
353187, 41 22954,.51

ATJUSTEC CASh FLOWt

ACJUSTED MPVE

TABLE A-13b

SYSTEM COSTS FOR MEX1CO
(in U.S. Dollars)

4]~

376281.92
255557 444

CCST/YR

0.00
2090.01
1581.44
1437.7¢
1307.41
1189.04
1081.5¢€

§83,.9¢
0895.32
814,75
Te1,62
675.14
614,72
559.72
509.54
LI TYYE ]
©23,12
385.5¢
351.3¢
320.2¢
291.9¢

16719,20
11356.1413

DCLLARS
€0%.12
160%2.0¢
15€87.2¢
. CASH FLOW
CORRECTED FCF INFLATION
COST/YFR PAYVMEANT MAINT .
- 0.00 DOWHLPAYPENT 8
2£%9,01 1676.17 13,84
1€13,.5¢ 1€23. 719 €7.65
1€13.70 138%.27 52.53
161617 12564 33 48,07
1€14.9¢ 11464025 TYES ]
1€1€,0¢€ 1060.77 40,79
181767 Skbe 16 37.81
1€19.19 860. 14 35.18
1621.23 781.95 32.846
1623.5¢ 710,86 30.7¢
1826.24 (LY T3 28.90
1829.22 587. 49 2722
1€32.51 S534e 08 2%,.70
1€26.12 485.53 Qb8
1€40.04 1.9 23.04
16644.27 401426 21.87
16548.82 364078 20.7¢
163,68 331. €2 19.76
168,85 30147 18,88
1€¢Le3u 274e (7 $7.92
15€97.22 1621,.9¢6
3e¢€e7,00 ACJUSTEL CASh FLOWE
22Lub.0% ALIUSTED tPVY
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TABLE A-l4e
; SYSTEM COSTS FOR NEPAL
é (in Nepalese Rupees)
4 NESR 2L FIGUPES T¢ PEOSL GUFOEES

TOTZu LE D6 CQSTe 5744613
TOTEL PLTESTILE COSTH 16Yucu.12
TOTAL CONSTFLCOTION CCSTS 1€ulER.?2

CaSE FLON
CASP FLCk CORRECTIED FOF INFLATION
YR FAYHEANY HEIANT, COS1/vR PAYPENT MAINT, CCST/YR
CONNELYPENT Y B0 DOWAPALYPELT S 0.00
1 1527145 401, L4 16€72.,0¢% 17518, 50 Jeu.58 1780408
2 15274445 8Cs22 192£1,¢¢ 15626, 82 €629 15693, 11
3 1€271.45 6C.3¢ 13381.¢1 1467E6.53 €0.37 36536, 30
b 318271.45 80.79 1€252,.24 13162. €6 55.18 13217,04
5 19271.45 83.%2 16252.97 1156€. (6 $0.61 12016467
€ 19271.45 82.%2 1¢353,.5¢8 10e78.23 46.59 10924.82
7 19271.45% 83.82 16§235¢,2% $885%. 20 43.02 9932,32
e 16271.45 8%.42 1€2¢%6.88 8990. 27 39.85 9030.12
N ’ 9 16271443 87.11 1C258,7¢ 8172. 58 37.03 8210.01
10 16271.45 [ X1} 152€0.94 Tu25, S8 Ju.50 Thbhu, bt
11 1€271.45 91.9% 1883,.00 ‘6756, 53 32.23 6786475
12 18271,45 LITR S 1€3€6.1¢ 4140, 48 30.16 6170. 6%
13 18271445 97.75% 192€9.20 [ L PPl E8.31 5610,57
14 1627145 103.C8 13272,52 L RRETE 4 26462 5101.3¢%
15 18271, 45 106,71 15376.1¢ 4E1d.03 25.07 65638.%50
1€ 15271.45 108, €2 1€3¢0.,07 ©194.03 23,64 217,67
17 1S271.45 112,82 15284427 312.7%. 22432 3835.0¢8
18 18271.45 117,32 152e8.77 3466a1s 21410 487,24
i< 18271445 122.4¢ 19353,.56% 3151, 04 19.96 3171.,00
20 1€271.45 127. 17 192%8.€¢ 2864s 58 18.9¢ 2883.42
TOT  38%42%,03 2230.,172 166066E6.73 1046.3¢
CASF FLCu: JETEC9.7E ARLJUSTED CASK FLOMS 165115.0¢
NPV OF CAaSe FLCHW2 222288.81 ALJUSTED wPVS 111480,16¢
TABLE A-l4b
SYSTEM COSTS FOR NEPAL
(in U.S. Dollars)
NEPAL S FIGURES IN LeSe DCLLAGRS

TOTEL LAZOF COSTS “7.88
TOTAL FRTERI:LS COSTe 13€2¢,51
YOTEL CONSTRUCTIOM COSTI 1367%.3¢

CASH FLOW
CASe FLCW CORRECTED FOF INFLATION
YR PAYMENT MAINT . _COS1/YF PAYMENTY FAINT,. CCST/YR
-
COWNNFAYPENTR - g.0¢C DOWNPAYPEANT 0.00
1 160%.95 33.42 . 1€29.37 1456, ¢6 30.3¢ 1490.34
2 1605.95 €.68 1€312.64 1327,.23 5.52 1332.7¢
3 1605.¢5 €. 70 1€12.€¢ 120€.%8 5403 1241461
L] 1608,.65 €.72 1€12.6% 109€. 89 &.60 1101446
5 1605.95 6.79 1€12,7¢ 997,17 be22 1001.39
6 1605.65 6. 88 1€312.82 S0¢€. 52 3.88 91040
7 160¢,95 6495 1€12.94 8244141 3.59 827 €€
] 1605.95 712 1€13,07 Tec. 19 .32 752451
9 1605,¢5 7.28 1€13.22 681.08 3.09 684.17
10 1605, 95 Te b€ 1€13.61 619,16 2.088 622404
11 1605,.95 T+6€ 1€13.62 562. 08 2469 565.5¢
12 160%.%5 Te.89 1€13.65 s11. 1 2658 S14e2¢
13 16065.45 1€ $€16.10 L6%. 19 2036 467,5¢
1b 160%.95 8e82 1€14.38 422,50 222 625,12
1€ 1605.95 8.72 1€146.68 304,45 2.09 386,54
1€ 160,95 9.0¢% 1€15.01 J465. %0 1.97 351.47
17 1605.95 Sobel 1€35.3¢ 317.73 1.06 319.59
18 1605,¢5 S.7¢8 1€15.72 20864 L4 176 290.60
1% 1605,.65 16.17 1t16.327 262. %9 1.6¢€ 266.2°%
20 1605. 95 10.¢€0 1€16,55 236,71 1.58 260426
107 3211¢.C3 16,09 13€72. 29 er.20
CASH FLCwt 3i300e98 ACJUSTED CASK FLCW? 13759.5¢
NPV OF CESH FLCHS 10¢32,40 ACJUSTED M ys 9290.02
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FelLIFPInEre
TOT4L L270F COSTH
TOTL, PLYETIILS CLOTH
TOTEL CCORSTRLSTION COSTS
Casr FLCh

YR FAYMENT PIANT.

COMNFAYMEANTS
1 11e36.80 €52.€¢
2 1142€.80 132. 37
3 1163E.63 131,52
& 1163€.50 112. 24
L $363e,.52 1225
6 1163€,90 134,20
7 1163€.60 13€.5¢
[ 13463€.93 13¢. 07
s 1163€.80 161.%8
10 1163€.90 1e4e 70
11 1163€.90 248,26
12 1143€.50 152. 20
13 11e36.50 15¢€.57
24 1143€.50 364. ¢
15 1163€.5C 16¢€.57
16 1163€.90 17 2. 19
17 1143€.90 176.22
1¢ 13163€.8) 134, €8
19 1143€.97 191.5¢
2C 11643€.%) 19¢. 84

TOT 228737.%% 34lE. 98

CASH FLCw2
NPV OF CASK FLOW?

TADLE A-15a

SYSTEM COST FOR PHILIPPINES
(ir Philippine Pesos)

.12
9EE52
§73&¢E.7¢

CCS1/YR

0.0¢C
215¢te.5¢
1:5€8.27
PSR LYY
11%€9,1¢0
115710414
11571.¢8L
11873.08
11875.77
1157847
11581.6¢C
128€65.14
11%5¢9.09
315€3447
116%8.2¢
11€L3.4¢€
11€65.0¢
11615.12
131€21.52
11628445
11€5.74

232224490
1332€1.97

FIGLAES 1t FmILISFINE PESCS

CASe FLOW
CORFECIED FOF INFLAYION

PAYMENT FLINT.

DCNNPAYFENT
10397,18
9451, %8
s%32. M
7811, %5
7102. 48
€455. 03
LT1Y 710
$33E, 40
850, 26
L&D, 02
4008, 56
LI TY TR ]
3312. 86
3011.€9
2737.5%0
2,86, G0
2262473
2057.03
1870.C2
1700. €2

501.53
10e.57
§6.8E
$6.30
E2.74
76.04
70.09
[ 1794 ]
€0.04
§5.73%
£1.96
W849
45.35
4245
3907
37447
35.2¢
33.22
31.32
29456

97368, 75 1€03.73

ACJUSTEL CASk FLON!

ACJUSTED MPVS

TABLE A-15b

SYSTEM COST FOR PHILIPPINES
(in U.S5. Dollars)

PHILIFPINESE FIGLRES IN LeSe. DCLLAFS

TOTa. (AZ0F COST:
TOTAL PLTEPILLS COSTH
TOTAL CONSTRLCTION COST!

CASy FLCW
YE  FAYMEANY MAINT.
DORNFAYPEAT)
1 155¢.04 LATL
2 155€. 06 17.87
3 1556. 04 17.90
& 1556, 04 17,99
] 15¢¢, 04 18,12
[ 155¢,004 18,32
14 1556,06 18.5¢
[ 155€.04 18,89
9 155¢,04 19.2¢
10 155€,00 1§.€9
11 165€. 06 20417
12 1556.04 20,71
13 155¢, 00 21.30
14 155¢, 04 21.9%
18 156%¢.04 22.€¢
16 155€.00 23ei2
17 15%6. 00 24.2%
18 155¢, 04 2%.13
19 155¢. 0w 26,06
20 165€. 04 27.C%
107 31120.81 YATY Y4
CASKF FLCuS

NPV OF CASK FLOWS

100.02
13367442
13267.4°

o COST/YR

0.0C
1631.10
1£73.91
1873.9¢
174,03
1574017
167437
1876.62
1574.97
1€75.30
1675.73
1€76.21
1576.7%
1577,.34
1517.99
1%30.70
1579.47
15¢80.2%
1%€65.17
1562.10
15¢3.09

31¢¢5,.22
183120.88

-43-

CASH FLONW
CORRECTED FOF INFLATION

PAYPENT MAINT,

DCHNPAYPEANT S
1614458
1285.98
1166.08
1062, 0

966. 18
87636
79¢&.49
725.%0
65%. 51
599,92
565,38
“95. 20
©50.73
405.75
3r2. %0
338, €6
307. 85
275.07
2540 463
231,20
13267445

ACJUSTELC CASk FL
ACJUSTEC PPV

€8.24
164.77
134465
12.29
12.26
10,35
9.54
8.81
8.17
T.55
T.07
660
6e37
Se78
5e63
5.10
bo80
0,52
426
be02
218,20

Ous

CCSTsYR

0.00
10839¢.71
9560.%¢
8691.57
7901.8%
T186.18
6531.87
5939,0%
S400.18
4910.40
hbt5.21
4060,.52
3€92.64
3356,21
3054.38
2rrr.7e
2426048
2297.99
2090.24
1901,34
1729.5¢

589724 ¢
€6864.64

CCST/7YR

0.00
16482.082
1300.7¢
1182.53
1075.08

977.44
6068,6¢
808,02
T36el2
668,08
607.51
552448
502.40
456.90
©15.54
3rr.%3
363,74
J12.¢¢
204,3¢
258.6¢
235,32

13665.64
9097.22

[ ™S
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Us Se

TOTEL LAZ
TOTAL PRTESRIZ
TOTAL CONSTRLCTY

-<
»n

PAYMEAT

COWNFAYPIRT
2317.22
2317.20
2317.20
2317, 20
2317, 20
2317.20
2317. 20
2317, 20
23:7.20

10 2317.20
11 2317.20
12 231r. 20
12 2317.20
14 2317.20
15 €317.20
16 2317.20
17 2317.20
18 e3i7.20
1§ 2317. 20
20 2317.20
ToT GE34W 03

DONPOL WN-

CASK FLCwWi
NPV OF CASr FLOW

FIGURES IN L.Se

Ok COSTs
LS COSTe
oM COSTS

CAS» FLCH
MAINT,

L]

3505, (0
905.40
117y 1
911.10
910,22
§26.20
94,02
€5€.6¢9
97¢%.21
89¢€.58

1020.80

1067.87

1077.7¢

1110.5¢

114k, 17

1184, €4

1225. %€

127012

121734

1367.00

23712.27

TABLE A-16

SYSTEM COSTS FOR UNITED STATES

(in U.S. Dollars)

OCLLRES

P8L.62

16947.01

16227464

CASH FLON
CORRECTED FOF INFLATION
COST/YR PAYFENT MAINT. CCST/YR
0.0C DOWNPAYPENT S 0.00
822,20 210€. 55 31€6.36 §292.91
2éi22.60 1915. 06 749,26 2663,33
Jé24.02 1760.95 €81.31 2422.2¢€
2226.30 1582. €8 €22429 2204497
3235442 1638, 80 $70.14 2008,94
JehSekel 1336. L6 §23:94 1831494
3it8.28 1189.09 4E2.09 1671.9¢
3273.8¢ 3080,99 Likb.30 1527.2§
J22.41 882.72 “13.58 1396.30
2213.7¢ 893, 38 384422 1277.61
3238.00 812,16 357.78 1169.95
3265407 738.33 333.88 1072.22
33¢4.9S 671,21 312.20 983,441
3427.7¢ 610, 19 2824bn 902464
Ju€337 §54. 72 2746038 829.10
3¢01.04 504029 257.81 762,10
3C63.1€ 458045 242455 700.99
3££7.32 H1€. 77 228kt 665,21
3€3u.34 37¢e.80 215.3¢ 594,24
3€86.20 Jlobeo bl €03.20 567,63
19727, €4 18777.37

70C%6.30 ALJUSTED CASH FLONMS 30605.01
40€35.2¢ ACJUSTED APVR 21055.6¢
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FIGURE B-1
WAGE RATE WORKSHEET

PHOTOVOLTAIC ENERGY CONVERSION SYSTEM
(Average Labor Costs)

Country:

Currency:
Laborer ______ per (hour) (day)
Machinist ______ per (hour) (dry)
Welder _____ per (hour) (day)
Electrician ______ per (hour) (day)
Carpenter ______ per (hour) (day)
Mason ______ per (hour) (day)
Pipe fitter (plumber) ______ per (hour) (day)
Bulldozer Operator per (hour) (day)

Airmail to:

Mr. Ed Jacobson
Baker Building

Engineering Experiment Station

Georgia Institute of Technology
30332

Atlanta, Georgia
U.S.A.

46~

(month)
(month)
(month)
(month)
(month)
(month)
(month)

(month)




FIGURE B-2
. MATERIALS COST WORKSHEET

PHOTOVOLTAIC ENERGY CONVERSION SYSTEM

(Typical Component Costs)

Country:
Currency:
Array Cost per Unit
Galvanized Steel . 1%" angle iron or channel per (ft.) (meter)
14" x 3/16" flat iron per (ft.) (meter) ;
Security
Fencing (2 m high) wood per (ft.) (meter)
steel per (ft.) (meter)
concrete blocks per (ft.) (meter)
lock for gate each
Electrical
600v Insulated
Wire #10 AWG per (ft.) (meter)
#12 AWG per (ft.) (meter)
#18 AWG per (ft.) (meter)
#20 AWG per (ft.) (meter)
Voltage Regulator each
Voltage Inverter DC to AC (35A. maximum AC output) each
Equipment Boxes, Steel (2 ft. x 2 ft. x 1 ft.
approximately) each
Batteries 12v or 24v, (10 amp-hour minimum, 8 hr. life)
type - (lead calcium) (lead) (antimony) each
Steel - 1 7/8" channel (49 mm x 48 mm) per (ft.) (meter)
Plastic - 1/16" thick plastic insulation (for
batteries on rack) per (ft.) (meter)
Structures
Materials - wood per (ft.?) (meter?)
- block per (ft.2) (meter?)
Miscellaneous
- Ventilator louvers (for building) each
- 10" fan (for building ventilation) each

Airmail to: Mr. E4Q Jacobson
Baker Building
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, GA 30332
U.S.A.
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TABLE B-1
LIST OF DATA SOURCES

Egypt

A. Alaa El1-Din Nazmy

Third Secretary

Embassy of the Arab Republic of Egypt
Commercial and Economic Office

2715 Connecticut Avenue, N.W.
Washington, DC 20008

Haiti

Ernest Paultr:

Engineer, U.S.A.I.D.

J.C. Duvalier & Christophe
Porte au Prince, Haiti, W.I.

Ivory Coast

M. Delafosse

Secretaire General

Chambre de Commerce de la Cote d'Ivoire
0l - B.P. 1399

Abidjan, Ivory Coast

Kenya

J.B.C. Chegge
Permanent Secretary
Ministry of Labour
-P.0O. Box 40326
Nairobi, Kenya

Mexico

Ricardo Alvarez

Avenida Morelos 25

Parque Industrial Naucalpan
Estado de Mexico, Mexico

Nepal

P. Wagle Khilendra N. Rana

Section Officer United Consultants Engineering
Ministry of Industry & Commerce P.0. Box 253

Department of Labour Kathmandu, Nepal

Puspa Aashram
Ram Shaha Path
Kathmandu, Nepal
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TABLE B-1
(continued)

Philigginel

Ross Hammond

Director, Asia Office

Georgia Institute of Technology
Enrique T. Virata Hall

UP Campus, Diliman

Quezon City, Philippines

Eugene Construction Supply
25 Roosevelt Avenue
Quezon City, Philippines

United States

National Construction Estimator

Crattsman Book Co.
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University of the Philippines

Physical Plant,

School of Architecture,

Administration Department,

Center for Non-Conventional Energy Development,
Engineering Department

Quezon City, Philippines

Rufino Lopez & Sons
Manila, Philippines




APPENDIX C

PFORTRAN CODING

of

CALCULATION PROGRAM
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L e N N L N N R R N R N N N N Nl N R Y N N Y R Y N L Y e L L e L L L e e L L L Y

PROGRAN COSTEST (INPUT,OUTPUT,COST)DATA,FRINT, TAPESEINPYT,

sTAPE

OSCUTPUT, TAPE78COST,TAPEL180ATATAPEISPRINT)

SLB000F0500008833933000008303080000008000000008000800080030000

MIn
BATTE
MAT
CAP
MAINTY
EXCHN
CHART
REAL
NPY

LA KX B N A 1 3

VARIABL

SAL
CAPCOST
CAPWK
CCOUN
CLAR

Cary
COoSTL

COoSTMAT
COSTNET
COUN
Ccs

csd

cs?Y
DISRY
DML AD
DOWN

[ 3 {
EXCH
FIixit
6010
HRSLAD

ICOUN
LOCAN
NCOUN
NPAY
NPP

NYR
NYRS
FAYMINT
PAYR
RATINY
RCNPY
RCOSTNT
RFIX
RPAYR
RiCOSY
M

SND
TCAT

TCLAS

TLC
THAINY

SLBROUTINES

READS INPLY ANL SLPS Tni COSTS EACK VEAR

RY CALCULATES Tt CONSTRUCTION COSY
CALCULATES THE MATERIALS COST OF CONSTRUCTION
CALCULATES ThE YEARLY LCAh PAYRENTS
CALCULATES TrE YELRLY PAINTENANCE COSTS

6 EXCHANGES VALUES IM LUeS. DOLLARS FOR TMOSE 4N LOCA. CURRENCY

FIGURLS TOTALS AND PEINTS ALL OUTPLY
CALCW ATES FIGURES ADJUSTED FOR INFLATION
CALCU.ATES THE N T PRESEANT VALUE OF TOTALS

ES IN SUBROUTINESS

SALANCE OF LOAK STYILL UNALD

TOTAL CONSTRUCTION COST

TOTAL CONSTRUCTION COST

ALPHANUMERIC AANE OF CURRENCY

MAN=HOURS OF LABOR CATEGORY X NEEOED YO BLILD
ONE PART J

NET PMESEAT VALUE OF THE TOTAL COST

SALARY OF LABOR CATEGORY I NEEDED 1O BULLD ONE
PLRT

TOTAL COST CF PATERIALS

NET COSY FOF A GIVEN YEAR

ALFMANUME RIC KAME OF COUNTRY

COSY OF Ohi PART J IKh COUNTRY I

COSY OF ONE PART I (DEFALLT)

COSY OF ONKE PART

CISCOUNT RATE LSED TO CALCULATE NFVY

PARAPETERS GOVERNING FOURS OF MAINTENANCL

DOWNPAYMN AT ON LOAN

EXCHANGE FATES FOR INCLUDeD COUNTKIES

ExCrinGe RATE FOR COLANTPY I

MAINTE NALCE COSTS

DUPMY VAPIAELE COANTROLLING RUN=AGLIN CPTION

KGLPS OF LABOR CATLGCRY T NcbEDED FOR PFAINTENANCE
OUFING YEak J

ADe COUNT RIcS INCLUDELD IN OATA SETS

INCEX GOVERKING OLTFLT CURRENCY

INDLX FOR COUNTRY PROGRAM IS RUN FOF

N0e YEARS TC PAY BACK LOAN

PAYMENT PLAN INDEX

YEAR NUMBELR INODCYX

NDe YEARS OF USEFUL LIFE

YEMRLY PLYMENTS, IF KNOMN

BANK PAYMENT FOR YEAR I

INTLRESY KATE CN LOAMN

NETY PRESENT VALUE OF THE 20JUSTED TOT2L COSTY

NET COSY PEP YEAR ADJLSTED FOK TnFLATION

MAINT COSY Fe R YEAR ACJULSTED FOR INFLATICN

YEBRLY LOLK PAYPENT LCJLSTED FOR INFLATION

TOYAL COSY ADJLSTED FCR INFLATION

AMOUNY OF PART I NEEDED FCR CONSTRUCT ION

AMOUNT OF PARY I NEcOLD FCR CONSTRUCTIOMN (DEFAULT)

NOe MOURS OF LABOR CATEGOSY I NEEDED FOR COM-
STRLCTICN

KOeo HOURS OF LABOR CLTEGURY I NEEDED Y0 BLILD
ALL OF FRET I

COSY OF LABOR IN CONSTRLCTION

TOTAL MAIKTENANCE COSTY
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1020007
14

17

142
T8

10245
20347
4

17
143
13

1%
147

1e306
157
b Y

S

b

147
10293¢8,7
1eb

Leb
100e5:¢7:0,6
1.7

deb

1eb

1eb

Te9

7

7o

7eb

14

$¢243

142

2
2

10207
1.7
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c vo1
C T
c I

COSY TOTAL CASH PLOW 4
YR TOTAL OF PAYMENTS 147
AINT TOTAL MAINTENANCE CCST ADJUSTED FOR INFLATION 17

C TRepy TOTAL OF PAYRENTS ADULSTED FOF INFLATIOMN 17
C XINF INFLATION RATE [

c
123
16

17

201

26
14
15

13

GLOGACTTIN GNPV RVBFIIGEBIVNBBABIBABBOBOR008000800000000000000

OINENSION SNIG) RINF (30) PAYR(100)oFINTT(200) ¢COSTNET €200,
SRPAYR(300) yAFIX(I00) yRCOSTNT(100)EXC U)o SNDCOE)CSDI5),CS (8,5,
SDMLABISob) s COUNIS ¢2) s CCOUNCR, 4) sCOSTLLY48)¢CLaB(9,0)

COHMON NCOUNS NPP RATINT NFAY PATMENT JNYRS oE XCHoICOUNITPAY R THAINT,
OSTRPAY, TRARAIAT oSNCE) ySND(E) o NINFIS0D) 4CSDUS)CSC05)¢COSTL(S,0),
SOMLABIDo4) yCOULNILD02) ¢ CCOUNI8e &) oCLABLH96) ¢TLCoCOSTHAT

601080,

MRITE IN DATAY

00 1¢ Isi, 0

SN(Z)me2,

NPPe2

RATINTS, 40

NPAYS20

PAYMENT 230080,

00WNED,

NYRSS29

JCOUNsS

WRITE(&,26)

MRITE(6,0)

FORMAT (“COUNT RY oIF 1oNEPAL 2=-FHILLIPPINES 3-MLXICO &=HAITI SeKENYL
® 4=IVORY COASTE™)

WRITE(G.17)

FORMAT (13X "7 ~EGYFT B8~Ua.S.t%)

READ(S.®INCOUN

MRITELG,200)

FORMAT (“WRITE *2° 7O OBTAIN DiFALLT VALLES FOF ALL FURTHER INPUT™)

WRITE(6,202)

FORMAT (™ CCTHERNISE S ENTER 02*™)

READ(5,%)2

1F (2 .€Q. 2.) GO TO 2

WRITE(6,26)

FCRMHAT (" =)

WRITE(G,1M)

FORMAT ("HRITL IN DATA.*)

WRITE(L,15)

FORMAT (*IF YOU WISK TO USE Tri DEFAULY VALLE FOP QUESTICLS NOTLD <
OpEFea2>, ENTER =2%)

URITE(G,26)

WRITE(E,1LY)

FORMAT (“NONW MANY YEARS OF USLFUL LIFES*)

READ (S +®INYRS

MRITE(E,1)

FORNMAT (“PEAK WATTAGE IN WATTISHE <DEfFS=2>")

READ(S+%) SA(1)

WRITE(E. D)

FCRMAT (“BATTERY CAPACITY IN HATT=rQURSE <DEFxe2>")

READ(S,%) SN 2)

WRITC(E 4S

FORPAT ("M TERS OF FENCINGS <DEF=«2>")

READ(S %) SM D)

MRITE (€,5)

FCRUAT (“S0O. METERS OF STRLCTIUEES <DEFs<2>%)

READ(S %) SN(&)

HRITE(E,T) .

FCRUAT ("PAYIMENT PLAN,IF 31=KAOKN PAYMENTS 2-CALCULATED PAYMEATS 3-D
SEFERRED PAYIENT ™)

READ(5,%) NPP

URITE(S,0)




10

11

12

Coess
c
c

c

2

18
13
4321

50

100
101

21

FORMAT (“INTEREST FATE IN FERCENT™)

READ(54%) RATINT

RATINTSRATINY 7100.

MRITE(6,10)

FORMAT (“NUMBZ R OF YEARS TC PAY BACK LOANI*™)

READ(5,%) NPAY

WRITE (6. 11)

FORMAT (™IF PLAN #1 IS USEC, EANTER PAYMENT <IF NOT, EiNTER 0>3')
READ(5,%) PAYMENT

WRITE(Ey12)

FORMAT(™IF A DOWNFAYMENT IS MLDE, LIST IT <If NOT, ENTER 0>1")
READ(5,%) DOWN
(Y Y Y Y YIYY YIS Y YRS YY YR YR YR Y YRR ARSI RIS YRR R RN TR A T Y X2 2 L)

IN THIS SECTION, COSTEST SUMS TeE TOTAL COST OF

THE PROJECT FOR EACH YEAR FOR EOTH LOCAL AND LeSe CURRINCY
IFIGOTO +EQs 1¢) GO TO 4321

READ IMN ALL DATA FROM DATA SETS
READ(11,%) LEXC(I) oI=1,ICOLN)

READ(11+%) (SNDII) ¢oI%1,46)

READ(11+%) C(COSTL (T4J) yJS1,ICCUN) 4L%149)
READ“‘Q.’“CL‘B(I|J)QJ=106'|I’1|9,

READ(11,+%) (CSD(I) +1I21,45)

READ(11+%) (ICS(KeI)9I=145)4K=1,ICOUN)

READIT o*) ((DMLABII U)o JUS1,k),121,9)

DO 18 Ix=1,ICOUN

REAC(7+29) (COUN(IN0J) 9JIZ142)s (CCOUNLIXeJ) oJ=14b)

FCRMAT (2A344A5)

EXCHE2ZXCINCOUN)

DOWNZDOUN®EXCh

PAYMENTSFAYMENT ®E xCH

CALL B3ATTZRY(CAPCOST)

CAPCOST=CAPCOST-DCHWA

DO 101 LCCAM=1,2

IF (NCOULN +EQ. & +AND. LCCAM .tQ, 2) GO TO 101

TPAYR=0.

THAINT =],

TRPAY=0,

TRMAINT=0,

DO 100 NYR=1,NYFS

IF (LOCAM .,EQ. 2) GO TO SO

CALL CAPINYR,PAYR(INYR)CAPCOST)

CALL MAINT(NY RyFIXIT(NYR))

60 T0 1069

CALL EXCHNGIDOOWNICAFCOSTFAYR(NYRY ,FIXIT(NYR))
TLC2TLC/EACH

COSTHMAT=COSTMAT /EXCH

CALL CHART(NY RyDOWNsCAPCOSTPAYR(NYR) 4FIXIT (NYR),LOCAM)
CONTINUE

HRITE (64 26)

WRITE(E,21)

FCRMAT ("=PROGRAM STOP- IF YOL WANT TO RUN IT AGAIN, ENTER 1)
WRITE(6,20%)

READ(5,*) GOTO

IF (GOTO +EQe. 1) GO 7O 1234

STOP

END

SUBROUTINE CHART(NYRCOWNCAPCOSToPAYRFIXIT,LOCAM)

PRINTS ALL OUTPUT CNIC DATA SET °*PRINT®

DIMENSION COSTNET (1000 4RFAYR (100D,
SRFIX(100)4RCOSTNT (100) yCOLNIL 42)4CCOUNLS, &)

COMMON NCOUNs NPPo FATINT NFAY) FAYMENT gAY RS o€ XCho JCOUN, TPAY Ry TMLINT,
STRPAY, TRMAINT ¢SN(6)oSNDI(6) ¢ XINF (30) oCSD(5)yCS(8+5)+COSTLISG,8),
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26

15
Th

12
27

SOMLAB(904) g COUN (B 32) ¢CCOUN (69 &) oCLAB (996) o TLCCOSTHAT
SET UP CHMARTS

IF (INYR oNE. 1) GO TO 10C

TOTCCST=00M N

RTCOST=DOKN

WRITE (9. 26)

FORMAT(* *)

IF (LOCAM £Q. 1) GO TC 7%

WRITE(942) (COUNINCOUN,. XD 1X%1,2)
FORMAT (2Ab, “FIGURES IN U.S. DCLLARS™)

60 TO 1

DO 74 I=1,5

WRITE(9026)

MRITE (946) (COUNINCOUNJX) ¢JX=142) o ICCOUNINCOLNQJIX) ¢ JX=1 o&)
FCRMAT (248 s "F IGURES IN “y448)

CAPKKECAFCOST +DOWN

WRITE(9,26)

WRITE(9,4) TLC

FCRMAT (7T X,*TOTAL LABOR COSTE*4F10.2)

WRITE(9,5) COSTPAT

FORMAT (3X,™TOTAL MATERIALS COST1*,F10.2)
WRITE (94 3)CAPNK

FORMAT (“TOTAL CCNSTRUCTIOM COST3™oF10.2)

WRITE (9.12)

FCORMAT (S1X,*“CASH FLON™)

WRITE(9427)

FORMAT (16Xo“CASH FLOWN™ 186X "CORRECTED FOR INFLATICA®™)
WRITE(9,26)

WRITE(9450)

S0 FORMAT (1 Xo™VYR*y 2X o™ PLYM AT JL Xy “MAINT +* 45X, “"CCST/YR"6X,

25
100

UALITY 101
200
102

103
99

BUPAYMENT "ol Xy “MAINT "y 5X*“CCST/YR™)

WRITE (9 26)

WRITE(G425) DOWNyDOWN

FORMAT (S Xy "DOWNFAYFMENT 8%y 10Xy FO,244X s "DOWNKNPAYFENT 2% 410X oF 9,2}
CALL REALINYR yPAYRGFIXIT RPAYR(NYR) 4RFIX(NYR))

COSTNE TC(NYR)=PAYR4FIXIT

RCOSTNTINYRIZRPAYR(NYR) +RF IXUINYR)

CALL NFV(NYRyCOSTNET (NYR}4RCOSTAT ANYR)4CNPV KCNPV)
PTYCCSTaRTCOST¢RCOSTNRT (NYR)

TOTCOST=TOTCOSTCCSTNET INYR)

TPAYR=TPAYRHPAYR

THAINT 2T MAINT oF IXIT

TRPAYSTRPAYSRFA YR (NYR)

TRMAINTSTRMEAINT#RFIX(NYR)
WRITE(Gs101INYR,\PAYR,FIXITHCOSTANET (NYR) 4RFA YR (NYR),
SRFIX(NYR) yRCOSTNT (NYR)

FORMAT (I1302X9F9e2¢2XoF 902942 X9FFe20tX9FIe2942X9F9e202XeFG42)

IF (NYR oNE. NYRS) GO TO S9

WRITE(9,200)TPAYR,TPAINT TRFAYZTRMAINT

FORMAT ("TOT"¢F11.2+F11e2+13X0F11.2,F11.2)

WRITE (9, 26)

WRITE(9,102) TOTC(ST4RTCOST

FCRMAT ("CASH FLCW8%™,15X,F11,292Xe"ADJUSTED CASH FLOWE™y3X4Fi1.2)
NRITE(99103) CNPV4RCNPV

FCRMAT NPV OF CASKF FLCWI™ EX oF 110242Xo"A0JLSTED APVI"y 9K oF1142)
RE TURN

END

SUBROUTINC EXCHPG(LA+EBCCoCOD

EXCHANGES VALLES IMN U.Se DOLLARS FOR VALUES INh LOCAL CURRENCY
CONMMON NCOUNsKPPo FATINT NFAY,FAYMENT ¢ NYRS £ XChoICOUN, TPAYR,TMAINT,
STRPAYGTRMAINT ySNCE) ¢SNDUE) ¢ XINF(30) oCSD(5)4sCS(845) ,COSTL(948)
SDMLABE904) ¢oCOUN(B 32) yCCOUN(Ey &) CLABI(G,6) oTLC,COSTHAT
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o0 OO0

99

o0 Oo6n

AARAAZEXCH
8B8=dB/7EXCH
CC=CC/EXCH
DDsOD/EXCH
RE TURN
END

SUBROUTINE CAP(NYR,PAYR,CAPCOST)
CALCULATES THE LOAN PAYMENT FOR A GIVEN YEAR

COMMON NCOUNe KPPy FATINT AFPAYoFAYME NT o NYRS oE XCHoICOUNo TPAYRyTMAINT,
STRPAY, TRMAINT ¢SNC6) oSND(6) o XINF(30) oCSD(5)4CS(6,5),COSTL(9,8),
SOMLAB(994) oCOLNIB 42) oCCOLN(By 1) oCLABLS96) +TLCyCOSTMAT
CHOCSE THE PAYMENT PLAN
IF (NPP .EQ. 3) GO TO 3
IF (NPP EQ. &) 60 TO 2

PLAN #1
PAYREPAYME NT
IF (NYR oEQ. NPAY) PAYRZBAL®(1.4RATINT)
IF (NYR 6T, NPAY) PAYR=(.
IF (NYR +EQ., 1) BALECAFCOST
BALZBAL® (1. #RATINT)=PAYR
IF(BAL «GT. 0s) GO TO 5
PAYREIALSPAYR
BAL=0.
GO 10 5

PLAN 82
IF(ANYR oMNE.3) GO TO 3
CzCAFCCST® (1, +RATINT)IS®*NFAY
S=20.
DO 10 I=z3,NPLY
SES¢ (1. +RATINT) ** (APLY=-])
PAYRSC/S
IF (NYR .GT. NPLY) PAYR=(,
GO Y10 5

PLAN #3
PAYRED,.
IF (NYR +CQeNPAY) FAYR=CLFCOST®(1.¢RATINT)®onFAY
RETLURN
END

SUBROUTINE REALINYRyFAVRGFIXITLRPLAYR,RFIX)

CALCULATES THE INFLATED VALLE OF THE PAYMENTS

AND MAINTENANCE CCSTS

DIMENSION XINF (30)

COMMON NCOUNy NPPy FATINToNFAY, FAYME NT 9 NYRS of XCHyICOUNy TPAYRyTHAIANT,
STRPAY,TRMAINT ¢SNU6) ¢SND(6) ¢ XINF(30) yCSD(5)sCS(845) 9 COSTL(SsE),
SDMLAB(994) yCOUN(B ¢2) yCCOLNCBy4) oCLABCGy6) oTLLHCOSTMAT

00 1 I=1,30

XINFiI)=.10

IF (NYR .EQ. 1) D=1,

0=D®(1++XINFINYR))

RPAYR=FAYR/D

RFIX=FIXIT/D

RE TURN
END

SUBRCUTINE NP VINYFoCOSTAET 4 RCCSTNT s CNPV,RCNFV)
CALCULATES THE M T PRESENT VALUE OF THE COST PER YEAR
IN BOTH CASH FLOW ANL IN INFLATED VALUE TERMS
COMMON NCOUNyNPPy FATINToNFAY, FAYMENT g NYRS oE XChoICOUNy TPAYRGTHAINT,
STRPAYoTRMAINT ¢SNUB)¢SNUIE) o XINF (30D 4CSO(5)yCS(845)¢COSTLIGE),
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L e S S

SR AR

[N

5 1S
ORIGINAL PAGE
OF POOR QUALITY

o0

SOMLABC(So4) g COUNCS 92) s CCOUN(804) oCLAB(996) oTLC4COSTMAT
DISRT=,06

IF (NYR £Q.1) CNPVsD,

IFINYR +EQ.1) RCNPy=(,

CNPVSCCSTNET/ (1. ¢DISRT)SONYR <CNPY
RCNPVRRCOSTNT 7(1. ¢DISRT)*ONYP ¢RCNPY

RE TURN

END

SUBRCUTINE BATTERY(CAPCCST)

CALCULATES Thg TOTAL CCNSTRUCTION COSY FCh THE PROJECT
DIMENS ION SN(6) sSNDI6) ¢CLAR(946)eCOSTLESG98) sTCLAB(946)
COMPON NCOUN, NPP, RATINT NFAY,FAYMENT ¢y NYRS 4E XCho ICOUN, TPAYR,TMAINT,

STRPAYoTRMATINT sSNCE) sSNDIE) o XINF (30) yCSO(5)4CS(845),COSTL(9,8),

SDMLAB(I24) yCOUNILS ¢2) yCCOUN(L %) oCLAB(996) oTLCHCOSTHAT
INSTALL THE MATERIAL DEFALLT VALUES WHERE NEEDED
D0 2 Isiyb

IF (SNUI) oLT. 0.0 SNCI)=SND(I)

SN(5)=SND(5)

SN(6)=SND(6)

INSTALL THE LABOR COST OEFALLT VALUES WMERE MNEEOED
HE0,.

00 & Isi,7

WE2COSTL{I.NCOUN) ¢K

AVEN/T?

DO S I=1,7

IF (COSTL(IJNCOUN) +EQe 0.) COSTL(INCOUN)=AY

IF (COSTL(BNCOUN) «EQ. 0.) CCSTL(B,NCOLN)=1,36%AY
IF (COSTLU(94NCOUN) +EQe O0o) COSTL(IWNCOLL)Z1.66%4V
THIS SECTION OF BATTERY CALCULLATES THE TCTLL LABOR
COST CF CONSTRUCTION

DO 7 J2i,.6

DO 7 I=1,3

TCLABC(IJ)=CLAB (I JI®SN(Y)

TLC=0,.

D0 9 I=1,3

TCAT=3.

DO 8 J=146

TCAT=TCAT+TCLAB (1,.,J)

TLCETLC+TCAT®COSTL (I, NCCLN)

CALL MAT

SUM LUP THE LABOR AND MATERIALS COSTS
CAPCOSTETLCCOSTNHAT

RE TURN

END

SUBROUTINE MAT
SUMS THE TOTAL MATERIALS CCST OF CONSTRUCTIOM

DIMENSION CSD(S)ySN(6)CS(8+5),CST(S)

COMFON NCOUNyNPP RATINT o AFAY FAYMENTGNYRS o XChoeICOUNs TPAYRGyTMEAINT,
STRPAY TRMAINT oSNEE) ¢SND(E) ¢ XINF (30 ¢CSD(S)CS(895) ,COSTLIG,6),
SOMLAB(So4) yCOUNIB 42) yCCOLN{Bob) sCLABIS98) 9»TLLCOSTMAT

PUT ALL FIGURES IN LOCAL CURRENCY

DO 2 I33,5

CST(I}aCSD(I)EXCH

COSTHAT=0,

DO 5 Is1,5

IF (CS{MCOUN,I) o«NEs 0e) CST(IDNECSINCOLN,I)

COSTMAT=COSTMATHCST(I)*SA(]I)

COSTMAT=COSTMAT ¢, 158COSTHAT

RETURN

END
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SUBROUTINE MAINT(NYR,FIXIT)

CALCLLATES THE MAINTENANCE COSTS EACH YEAR

OIMENSIOM DM hB (944) sHRSLED(T)4COSTLLS,6)

COMMON NCOUNoNPPy RATINT AFAYy FAYMENT o NYRS oE XChoICOUN, TPAYR,TMATINT,
CTRPAYTRMAINT ySNUED ¢ySND(ED o XINF (30) 4CSD(S5),C5(8,5),COSTL(S,68),
SOMLAB(G+4) yCOUNI(E 92) yCCOLN(Bo4) oCLAB(I96) oTLL,COSTMAT

FIXIT=0.

DO S0 I=1,9

IF (NYFR oLEs OMLAE (I42))CH=(DHLAB(I »1)=DMLAELIs4))/

S(OMLAE (I42)=1.)0%2,

IF (INYR oGTo. DMLAB(I,2))CHMZ(OMLABI(T 93)=DMLAB(T44))/
S(NYRS=OMLAB (I ,2)) %2,

HRSLAB(1)=20M AR (T44)+CHM* (NYP=-DMLAB (T 200002,

FIXITSFIXIT+HRSLAB(I)®CCSTL (14NCOUN)

RETURNK

END
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