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Figure 2.1
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Figure 2.2
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Figure 2.2 presents the projections of world oil prices for three
alternative scenarios, S]. 52, 53- The methcdology behind these price fore-
casts reflects the historical OPEC pricing strategy within the pricing
procedure rather than the strict forecasts of market clearing arices from
previous DOE analyses. The high price scepario implies that by 1985, real
0il prices rise 5.2 percent annually from the April 1980 lavel, 2.4 percent
annually between 1985 and 199C and 4.9 percent annually between 1990 and
1995. The average rise in the real price of ~il for the 1980-95 period is
4.2 percent annually. This scenario reflects the effect of three 01l
supply descriptions consisting of a cutback in OPEC production of two
million barrels per day.

In the midprice scenario, 52’ the average growth in real price is 2.0
percent annually from 1980 to 1995. This is similar to the historic increase
between 1974 and 1979. The low price scenario, S], is that oil prices will
remain level in real terms throughout the forecast period, recognizing
that the possibility of oil price increases only compensate for inflation.
It is recognized that in many remote areas, prices of fuel can de signifi-
cantly higher. During periods of temporary fuel shortage, prices typically
also rise very steeply. However, these costs are based on expectzd average,
long-term costs for a great majority of arcas in dev2loping countries.

The world price of crude oil is only the first component of the total
price of the fuel to the consumer. The other price components are transjert
costs, refinery costs, transport of refined products, taxes and profit.

Each of these costs is highly country and site specific. Rather than pro-
vide a single cost, we provide a range of costs for transport, refining and

handling. These are shown on the next page.
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Since the actual prices of petroleum that arc familiar to the consumer
at the gas pump vary widely from our untaxed fuel costs, Table 2.2 Tists
typical consumer prices, taxes and duties for a number of countries through-
out the world in July 1978 and 1979 as a basis for comparison with the Fuel

Cost Schedule in Table 2.1.

Table 2.1

FUEL COST SCHEPYLE 1965-2000
(Constant 1979 dollars)*

Unrefined World Delivered Lulk Fuel
0il Prices Transport YWorld Small Transport
Scale Refinery Small Refinery
High Access Low Access

1980 27.00 1.09 2.34
1985

S? 32.00 1.21 2.53

S3 39.00 1.38 2.63
1990

52 37.00 1.33 2.75

53 44.00 1.50 2.95
1995

S? 41.00 1.43 2.98

S3 56.00 1.78 3.32
2000

S, 46.00 1.67 3.23

S 67.00 2.17 3.73

*Based on real price increase of 2% and 5% annually.

Appendiz A, Table 1 shows annual price rise.
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Table 2.2 (Cont'd)

July 31, 1§78 July 31, 1979
I NC L uUDE S I N CL UDES
Ciuntry
and Consumer Import Consumer Import
Products Price Tax VAT 1/ Duty Price Tax VAT 1/ Duty

Negl. = Negligible, less than .005 USS.
X Not reported or unknown.

1/ Value-added tax is noted where the percentage figure is known; otherwise any value added tax is included in
the tax column figure.

2/ Wholesale price

Note: "Consumer Price" is dafined as the final pric~ at the point of consumption. Whatever tax and duty information
that can be identified as incluced (or for some seri ; excluded) in the final price is tabulated in the "IncliZas”

columns. Prices in U.S. dollars distort to some degree the actual increase or decrease of prices in other countries
because of exchange rate fluctuations.
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B. Price of Photovoltaics

1. Photovoitaic Cells

In 1978 the American Assoctation for the Advancement of Science published
an =uthoritative book entitled Solar Energy in America by Metz and Hammond3.
In the chapter dealing with Photovoltaic cells, it stated:

"Arrays of silicone cells now cost about $10 per
watt of generating capacity in full sunlight.
Reduction to about $1 per watt -- a cost that 1is
expected to make feasible a broad range of special-
1zed applications -- {s widely anticipated as early
as 1980, particularly for concentrating systems."

1980 has come and gone and PV cells still hover around the $10 mark
according to PV manufacturers.

The U.S. Department of Energy has readjusted its annual goals for the
price of PV cells upwards, but maintains the $.50 - $.70 Wp price in 1986.
(1980 dollars). The DOE argues that immense ~om exists for progress in the
technology and improvea manufacturing tect.iques for mass production will
have an analagous effect as that experienced by silicone chips in the
computer industry. Fiqure 2.3 illustrates the DOE's price goals.

While there is little question that PV costs will decline over the next
decade, the level of optimism generally relies on a “"technological break-
through” as well as large, sustained markets. DSI offers an alternative
price curve (Figure 2.4) based on conversations with PV manufacturers and
assumptions less optimistic in their outlook.

The changes in module (cell) and balance of system (B0OS) costs over the
past few years have bLeen different in nature. s module designs were first

3. Metz and Hammond, Solze Energy in America, AAAS, 1980.
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Figure 2.3
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Figure 2.4
PROJECTED PV MODULE AND SYSTEMS COSTS
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developed, costs were high but started to drop rapidly as design repetition
and innovation became significant. The BOS costs, on the other hand, have
remzined high and in 1980 represented 62 percent of the average total system
cost as opposed to 39 percent of the system cost in 1975.4
The BOS components can be described as fo]]ows:5
e Array, Structure, and Site Preparation: module mounting frames;
frame supports and foundations; security and safety equipment;
site clearing, leveling, drainage;
e Electrical: wiring, interconnects; control circuits/instruments;
loal management circuits; voltage regulation, power conditioning;
enclosure or building;

e Storage: Batteries; racks and venting equipment; enclosure or
building;

e Other: system sizing and design; module test and inspection;
packaging and freight preparatfon; maintenance eguipment.

The nature of these BOS components indicates that the industries respon-
sible for module production and BOS components are greatly different; the
first a new indusiry using new and creative technologies, the second a more
mature industry, less impacted by technological change. Accordingly, one
would not expect similar cost variations.

DSI has evaluated several potential price curves for both the module

and the BOS. The lower curve in Figure 2.4 shows the module at the average

4. G. Hein, et. al., "Impact of BOS Costs on PV Power Systems," WASA, 1978.
Calrulation based on 1975 module cost of $21/Wp and averaye 1975 BOS
cost of $13.35 in 1975 dollars. Total system cost for 1975 is $34.35
in 1975 doltars.

NASA Technical Memorandum 79097 (Revised) Photovoltaic Power Systems For

Aural Areas of beveloping Countrics, Louis Kosenblum, Williar J. Bifano,

Gerald T. Hein, and Anthony F. Ratajczak; Lcwis Research Center,
Clevetand, Ohio. Pg. 13.

(8]
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$10/Wwp for 1980 (in 1979 dollars) which is presently quoted and a $5/Wp

projection for 1985. From there it s anticipated that mass production

along with lower cost technology will drop the cost to $2/vp in 1980 and
$0.50/Wp in 1995. BCS costs can be assumed to change more slowly. The

upper curve in Figure 2.4 shows a total system made up of the module and
BOS costs. However, there are other reasonable assumptions for the BOS

costs.

The total system cost curve 41 is based upon the module decreasing as
previously explained while the BOS slowly decreases by 10 percent (in con-
stant 1979 dollars) every five years. Thus, the BOS cost is plotted under
this gradual decrease, reflecting minimum economies througn mass production
techniques. The B0S reaches $15/4p in 1985 and $12.50/Wp in 1995, In this
scenario the BOS cost represents 75 percent of the total system cost in 1935
and over 90 percent in 1695, It is not reasonable to expect that this ratio
will continue to Grow as module costs become <o 1ow. Hather, 3t can be

i

assumed that basic charg2s in the BOS components will occur. We, therefore,
project a lower systen cost shown as curve 52 which beging in 1485,

During the middle 196Us a5 the module approeches $5/%p, it is reasonable
to assume the beyirning oc changes in the BOS components. for example, a

recent study has allocated BOS costs as fu]]ows:6

Average Fractio,

Category of BOS of Total BOS Cost
Array, Structure, & Site Preparation 18
Electrical .33
Storcge .20
Instaliation & Checkout .20
Other .09

Total 1.00

6. G. liein, ct. al., "Impact of BOS Costs on PV Powor systems, " NASA, 1978,
Py. 4.
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With these fractions, the various categories can be evaluated to show
potential changes as the module costs decline.

Each category serves a different function and will respond differently
to a new, probably 11ghter. smaller and cheaper module. It can be assumed
that the structure and electrical components will decrease in weight and
complexity and, therefore, cost less. Similarly, in-country manufacturing
and local installation will also lower actual costs.

Storage costs can be apticipated in a different manner. At the present
time battery costs are rising and the $3.30 allocated to the battery backup
for 1980 could increase in the next few years. DSI is assuming that after
these first few years of demonstration projects with large storage require-
ments, there will be less backup storage provided in the total system, thus

lowering costs for the storage component.

Accordingly, the lower cost for the module is assumed to drive to a
lower cost for the BOS. This can be seen i1, Figure 2.4 by the dotted line
connecting total system cost =1 with total system cost #2 from 1965 to 1190,
The resulting total system cost #2 shows the effect of this driving force
dovinwards on the BOS cost with a drop in BOS to $8/Wp or 80 percent of the
tetal system cost in 1990, and a stil! lower percentage and cost in 1094,

Obviously, this Jower amount for a total systea  epresents new Lechns-
logical advances, but nore importantly a set of design criterie which would
reduce backup. Tt would be anticipated that medical refrigerator, and
other Timited critical facilities requiring greater temperature protection
would be designed with their own protection systems, not with extrene

amounts of storage in the total system. Just as brownouts or blackouts
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are tolerated today with grid or non-grid systems, so tomorrow's photo-
voltaic users will tolerate performance stardards which are cost effective
rether than designed to spend large amounts of money on storage for the
1imited benefit of overly cautious reliability. It is, therefore, reason-
able to assume total system cost #2 provides the most likely scenario.

The detail which explains the impact of the assumptions can be found

in Appendix A, Table 2.

C. Economic and Financial Analysis Method

A primary goal of this report is to determine at what point some
renewable energy technologies may become cost competitive with conventional
technoiogies. We also want to know under what conditions (e.q., fuel price
increases, PV price declines, etc.) this will happen. The method that we
will use is to calculate the cost to deliver a particular service (e.q., x
gallons of water, y kwh) for each competing technology. Annual costs wili
be reported for each technology purchased at five-year intervals (between
1980 and 1995) based on new assumptions about the cost of fuel and the cost
of the equipment.  The change 1n cost over time for each technology will then
be presented in tables or plotted graphically and the various cousts and
curves will be compared.

A number of issues in the cost calculations must be considered:

1. Future costs dare affected by the value of certain variables

such as the price af fuel, the cost of the techrology which
is itself dependent on technological advances, large volume
sales and the nature of the desiyn. The level of uncertainty

surrounding each variable varies greatly and, therefore, the
results of the comparisons can vary greatly depending on the
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The step-by-step method used to compare the technologies is shown

below:

a)

b)

c)

d)

f)

Identify a need, service or application which relies on an
energy consuming technology, (e.g., water pumping, village
e]ectr1f1cat1on?.

Identify several competing technologies which can satisfy
the need or provide the service, (e.g., gasoline IC engine
pump, PV pump, wind pump),

Select a level of service to be delivered daily (or annually)
and match the technologies with that level of demand,

Estimate the key variables which determine the cost of the
various systems, (e.g., capital cost, useful life, fuel
requirements and costs, etc.),

Develop the sequence of annual cash flows involved in each
investment including the initiel cost and the recurrent annual
costs. For the financial analysis, the cost is amortized over
a reasonable number of years which reflects a normal length of
time over which the borrower must repay the loan. In the eco-
nomic analysis the capital cost 1s viewed as made at the begin-
ning of the projeat.

Discounting the annual cash flows to the present to find the
net present cost.

A simple example of the method is shown below using two imaginary

water pumps:

Pump A Pump B
Annual water pumped 100,000 gallons 100,000 gallons
Capital cost $800 $200
Transport cost $200 $200
Annual maintenance $ 20 $ 50
Annual fuel Cost - $ 50
Salvage value 0 $ 20
Interet rate Inflation + 3% Inflation + 3%
Financial discount rate Inflation + 10% Inflation + 10%
fconomic discount rate Inflation + 5% Inflation + 5%
dseful Tife 10 years 10 years
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CASH FLOWS - PUMP A

Financial $200 175 175 178 175 178

Capital & Transport* | } } ! y I ! | —

Maintenance 20 20 20 20 20 20 20 20 20  2¢
Economic $1000

Capital & Transport - | ! ! l ] ! | ! | |

Maint e { i I T T ] T T T T
aitntenanc 20 20 20 20 20 20 20 20 20 20

*  $1000 with 20% down, $800 amortized over 5 years at 3% interest

Results:

Financial Analysis
Discount Rate = Inflation + 10% : $ 986

Economic Analysis
Discount Rate = Inflation + 5% : 1154

* The economic net present cost s higher than the financial net present
cost but this is offset by the belief that society is willing to pay more
for the future benefits than the individual. Thus, assuming related
social benefits which will also be valued higher, the society is willing
to pay for renewable energy sooner than its individual members. In fact,
this is the basis for current early interest by governments. The counter
intuitive result of higher prices in this report would be overcome 1f the
corresponding benefit stream were available to offset the cost.

CASH FLOWS - PUMP B

Financial $a0 50 70 70 70 70
Capital & Transport* } g | | J | | ! | | ]
Maintenance 50 50 50 50 50 50 55 50 50 50
Fuel 50 50 50 50 50 59 50 50 50 50
Salvaqe -290
Econoimnic $uo0
Capftal & Transport } % | } | } | | | l ]
IS . 1 ! |
Maintenance "o 50 50 50 50 50 5o 50 5o 50
Fucl 50 590 <o ) 50 59 5¢ 5 e 50 50
c
Salvage

( -20

* 5400 with 20% down, $320 amortized over 5 years at 3% interest
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Results:
Financial

Discount Rate = Inflation + 10% : $ 952
Economic

Discount Rate = Inflation + 5% : 1160

When we compare the Financial NPC of the pumps, Pump B is lower than
Pump A and therefore the better investment, all other factors beina equal.
When we compare the Economic NPC, Pump A is slightly lower, reflecting the
favurable impact of the lower social discount rate on the more capital-
intensive product. This methodology is used in the first two case studies
to compare technologies which carry out the same function. Cash flows are
presented in Appendix materials.
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D. Reliability and Life Expectancy

The reliability and 1ife expectancy of technologies in remote areas
of developing countries are notoriousty poor. The lack of spare pavts
and unavailability of trained mechanics for proper maintenance often
leave machines idle for longperfods of time and reduce their 1ife very
considerably. Even where there is a mature and well-trained agricultural
extension program, the problems of low relfability persist.

In this regard, renewable energy technologies are expected to have a
distinct advantage over competing gasoline and diesel technologies. Unfor-
tunatelv the basis for comparison is relatively weak since few renewable
systems have been running for a full, expected lifetime. Demonstration
projects are generally designed under ideal conditions and staffed with
highly trained people to supervise and maintain the systems. Real life
conditions are generally very different than demonstration conditions.

The renewable energy literature is full of examples of systems which
become inoperative after the trained demonstration team leaves. [xperience
with femily and village size biogas digestors, for example, shows frequent
system failure as a consequence of improper input mixture and 1oss of
bacterial digestion. Such systems are often abandoned.

The most frequent life expectancy given for photovoltaics is in the
neighborhood of 15 vears. This is based less on experience than on the
nature of the technologqy which requires no moving parts to produce electricity.
Since the technology is relatively new, there has been no real life experience
in a remote setting for anything like this length of time. Furthermore,

economic assumptions over the life of the system are based on PV efficiency
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when it leaves the factory. It 1s well known that the efficiency declines
over the years as a result of deterioration of the cell's protective
surface material. This is not accounted for in most economic comparisons.

One of the few renewable energy techrologies which have a long history
of reliable service is the windmill in rural America. Yet, this technology
has alsn been supported by a strong agricultural extension service and
well-trained mechanics.

Only time will tell about the reliability of renewable energy tech-
nologies. The evidence and data is stil1l too scarce to make a sound judge-
ment for remote areas where the user is responsible for maintenance and
has paid the bill for the machine. Perhaps the most important lesson is
that the low reliability of conventional technologies doecs not imply that
renewable ones will last longer.

In this analysis we have refrained from independently judging relative
re]iabi]ity and life expectancy of renewahle technologies. For the most
part, we have used, as given, the manufacturer's spucifications for
these parameters. However, we have alco performed analytic sensitivity
tests for certain technologies at one-third shorter life. The result is

that the economics are relatively sensitive to the expected life.

E. Import Substitutions, Indigenous Manufacture and tupioyment

As the price of oil has increased, many developing countries have been
burdened with an increasing share of their scarce foreigqn currency recerves
outlayed for oil. Increases in the past five years from 5-10. of total

imports to 30% or more for oil are not untypical. This has created, in many
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countries, severe balance-of-payments deficits which can Tead to an
absojute decline in economic growth.

Studies postulate that greater reliance on renewable energy resources,
which are more eauitably distributed than oil can help to relieve the
pressure of energy import bills. Furthermore, local manufacture of
renewable technologies can further reduce the burden.

This is a very complex issue which can only be answered on a case-by-
case, technology-by-technology basis. A recent stud}lsuggests that at best
renewable energy can substitute for only 8-15% of the LDC's expected demand
between now and the year 2000.

The feasibility of local manufacture of the technology depends on the
nature of the technology and the capability of the country in similar
manuacturing endeavors. At one end of the scale such technologies as
efficient wood-burning stoves, biogas digestors and flat-plate solar
collectors are universally within reach. On the other end of the scale,
few countries have the capability to produce PV cells. Indeed, without
international markets such indigenous manufacture would not benefit from
economies of scale expected for the United States and other developed
countries.

In between these extremes are many technologies which can be partially
fabricated in many countries and locally assembled. Windmills, micro-hydro
turbines, charcoal kilns, and the structures for PV systems are examples of

some equipment which can be produced in many count-ies.

8. P. Palmedo, P. Baldwin, The Contribution of Renewable Resources and

Energy Censervation as Alternatives to Imported 0il in fleveloping

Countries, £/DT, February 6, T980.
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In the case study involving water pumping, a locally produced sail
windmi11 {s described. While this was fabricated, assembled and installed
using local people (and missionary staff) the parts, including tower
material, pump, and even the sails, were imported. This example serves
to i1lustrate that in many countries the resources not spent on foreign
oil may be spent instead on foreign technology, equipment or structural
material. From the perspective of conserving scarce foreign currency it
is not clear that there is an advantage in substituting equipment imports

for oil imports.

F.  Scale

Perhaps the most sensitive parameter in the analysis of renewable
energy technologies is scale. Our case studies show that for very small
applications renewable energy generally becomes cost competitive with the
nearest conventionally fueled competitor. Certain applications in remote
areas require power at levels considerahly less than the capacity of the
smallest conventional systems. Therefore, the required unit level of output
is relatively expensive for technologies that are under utilized.

For example, the gasoline pump which has a capability of pumping
30,000 gailons per day or more is costly when the water requirement is
only 3,000 gallony per day.

HASA uses this kind of comparison in its classic comparison of PV- and
dicsel-produced electricity. At the high end of the scale, the diesel
15 clearly cost competitive; at the low end, PV is superior. The problem

with the comparison is that the machines have unequal capacities.
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Because the PV is modular, the array can be sized to precisely meet the
expected load. The size of the diesel is restricted to sta‘idardized,
commercially available increments. When it is ccmpared with the PV at
the Jow end, it is substantially oversized.

A fairer compafison would be to pair- a smaller diesel or gasoline
powered generator with the PV at lower levels. In the village electri-
fication case study we attempt to pair technologies with equivalent
levels of capacity.

With the broad range of assumptions discussed in this chapter, it
can be seen that there is considerable room for disagreement. In the case
studies which follow, care has been taken to documeat assumptions so that

productive discussion can help refine the findings.
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3.  CASE STUDIES

The three cases selected -- water pumping, electrification of a village
and gasohol production -- were chosen for several reasons. First, they are
among the most co.mon examples of applications where renewable energy can
play a major role. Second, data on the various costs is generally available.
Third, real applications are presently being used or tested.

Because the economics of the technoiogies are site specific, we have
attempted to account for site variations by identifying key site-related
variables such as wind speed and performed a sensitivity analysis around that
variable. For conventional technologies, the key variable is access to the
fuel source. MWe have added a delivery cost to the price of 0il for remote
areas. For PV it is the price of the array. A1l of these ractors are
documented in the presentation of specifications.

A.  Small-Scale Water Pumpiny

}. Background

Water pumping for irrigation is one of the major agricultural enerqy
uses in the Third World according to recent studies.] For small-sized farms
in the 1 to 5 hectare range, the most common pumping methods today rely on
traditional manual or animal-powered or on small internal combustion pumpsets.
Where the farm is remote from grid connected power lines, the water table is
relatively shallow, and the quantities of water demanded are modest, renewable
energy powered pumping methods may be cost competitive with the present
practices.

In this section we compare the economics of four alternative systems
for pumping water from shallow sources. The four technologies are (1) 3 H.P,

1. Richard Fluck, Aaricultural Fnergetics, AVI Publishing, 1980,

DEVILOPMENT SCirnucr s, e



-46-

Gasoline Internal Combustion (IC) Engine, {2) 250 Wp Photovoltaic Powered
Water Pump, (3) U.S. manufactured wind mill pump, and (4) indigerously

built sail wind pump.

These four were selected for a number of reasons. First, under normal
operating conditions they can all pump comparable quantities of water from
shallow wells, lakes or rivers. Second, the first three are commercially
available today and, therefore, real 1980 costs could be easily acquired and
used. The sail wind pump has been used in Ethiopia and costs are also avail-
able, and finally they serve to {llustrate the method employed in this study
of comparing net present costs for the financial or economic analyst.

The application that we are examining is a common one; pumping 40 gallons
per minute or 12-15,000 qallons per day tc a total 1ift of 15 to 20 feet.
This could represent raising water from a shallow well to a field or tank, or
raising water from a river or lake to a 15 to 20 foot head. The quantity of
water pumped in one day would cover a one hectare plot with one-half centi-
meter of water. Thus, the pump would be applicable to a relatively small
farm in the 1 to 5 hectare range; a size highly representative in many
developing cruntries. Both the PV and the gasoline pumps are mobile so they
can be moved from one small land holding to another with relative ease. This
flexibility is important where a farmer's land is in checkerboarded small
holdings. [Sce reference at end of case, p. 54).

2. FEconomic Analysis

a. 3 H.P. Gasoline Internal Combustion Engine Water Pump

We have selected the Brigas and Stratton 3 H.P. model MFE-30. It is
one of the smallest readily commercially available gasoline driven pumnsets.
While small dicsel pumps are availabie in this size or slightly larger, they
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are not so common and have a higher capital cost. The Briggs and Stratton
has a capacity of 110 gallons per minute and can pump to a head of 100 feet.
Thus, it 1s slightly over-sized for the application. However, smaller pumpe
are not readily available. It has a self-priming, centrifugal punp with a
12-volt starter, 2-inch suction and 1-1/2 inch discharge. The capital cost
of $490 includes cost of the engine, pump, hoses and mounting frame. At
full capacity the pump consumes 1 gallon of fuel 1n 8 hours. To meet the
daily water needs 1t would require 62.5 gallons of gasoline per year:

5,000 gallons/da 1 gallon 200 days _ 62.5 gallons
ons/hour hour year year

We have assumed a 200-day seacon requiring frrigation. The pump would be
used about 2-1/2 hours per day; a 5,000-hour life would yive the pump a 10-
year useful life. Because of the level of usage, the reimoteness from spare
parts and professional repair service, we have ascumed half this life, §
years of useful service. Fuel prices are based on the cost schedule shown
in Table 1, Appendix A, for remote areas. Transport to the resote arca is
based on 3,000 miles air freight and 100 miles road for tiic 86-pound pump.

Table 2.1 summarizes the informatfon for the internal combustion engine.

Table 2.1

RELEVANT GASOLINE IC! SPECIFICATIONS AND COSTS
Capital Cost $49()
Transport 5300
Annual Maintenance $ 75
Fuel? 1 pint/hour
Daily Usage 2- ]/q hours
Useful tafe 5 years

Fuel Coot  see Appendix A, Table |
1) Briggs and Stratton 3 H.P. pump.  Capacity 110 qallon./minute; 2-inch

suction hose; 1-1/2-inch discharge hose; 5000 hour Vife,
2) Usage 2-1/2 hours per day.
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3.2

RELEVANT SPECIFICATIONS AND CHSTS FOR

250Wp PHOTOVOL.TAIC SYSTEM

1

1980 1985 1990 1995

Capital Cost 6250  3500°  1813° 750°
Transport 800 800° 500° 500
Maiatenance 75 75 75 75
Useful life pump 10 10 10 10
array 15 1 15 15

Salvage value 10 years 50 50 50 50

1)
2)

“Tri-Solar" pumping system.

3)

Decline in array to $5.0Q/Wp and BOS to $9.00/Wp.

Total cost of $7.25/Wp with $2.00/Wp cost of array

includes indigenous manufacture of BOS and system
redesign to allow for less efficient, less expensive pump.

4)

5) Air transport @$2-2 1/2/1b +

6)

Total cost of $5.00/Wp reflecting $.50/Wp array cost and
regional manufacture of entire system.

Reduction in cost reflects local manufacture.
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Botn U.S. windmills are further described in a comparative table,
Tadle 3.4, along with those of indigenous manufacture. It is not expected
that the costs will decline significantly between now and 1995.

d. Locaily Built Mechanical Wind Pumping Machine

The model for this {is the Cretan sail wind machine built along the
banks of the Omo River in Ethiopia as described by Peter Frankel in Food

from Windmills, Intermediate Technology, November, 1975. "The systems were

developed by the American Presbyterian Mission for use by the local people
in order to permit all the year-round cultivation which is not otherwise
possible ... Some 19 windmills of various types were operational and under
the control of local villagers and a further five were in operational
condition on mission land for cultivation, experimentation or demonstration."
The region is accessible by four-wheel drive truck requiring seven days from
Addis Ababa. The Omo River flows all year and provides 80 to 90 percent of
the input to Lake Rudolf. Local people cultivate millet, maize and beans
plus severail types of gourd and tobacco on areas which are seasonally
inundated either by flood-water or by seepage. This has generaliy allowed
them one harvest (in December) from a rather limited arec. The availability
of food has «lways been a problem in the arec,

Cost and technical data have been extracted directly from the report
cited above. Adjustments have been made to make them comparable with the
preceding pumps.

o The cost of labor and "“free"” parts has been estimated in our cost

fiqures., The shadow wage is equal to an estimated wage for a

skilled artican in metal working, welding, carpentry, supervision, etc.

o Since the windmills total output in weil below the 12-15,000 gallons
per day, we have employed costs for 3 and 5 windnilie,

o UMe have decreaned output to reflect an ingrease in the head from
9 feet to 15 feet,
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Table 3.3

INDIGENOUS WIND PUMPING MACHINE]

OMO RIVER, ETHIOPIA

8 MPH Average Wind 15 MPH Average Wind
Speed Speed
(5 wind machines) (3 wind machines)
Capital Cost 4900° 2940
Transport Included Included
Installation Included Included
Annual Maintenance 100 100

1) Omo River wind project as described in Peter Frankel, in Food from
Windmills, Intermediate Techrology, November, 1975.

2) Each wind machine cost $980 including parts and labor.
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Capital Cost
Windmill
Tower
Cylinder

Misc. Equip.

Transport
Installation
Salvage Value

Maintenance

Calcuiated Useful Life

Terms of Purchase

Table 3.4

ASSUMPTIONS FOR MECHANICAL WIND PUMP - MASS PRODUCED

1980

U.S. Manufacture

8MPH Wind Speed

10 _Foot Windmill

15MPH Wind Speed
8 Foot Windmill

1990
Indigenous Manufacture

8MPH Wind Speed 15MPH Wind Speed
10 Foot Windmill 8 Foot Windmill

1999
1037
650
17

800
450
1000
100

10 Years

1

1136
980
437
117

800
450
700
100

25373 17813
4002 400
450 450
700 400
100 100

20% cown, 3% above inflation interest rate amortized over 1st S years

1) 50c per 1b. sea freight.

2) Local manufacture of structural elements requires less freight.

3) Two thirds cost of U.S. manufacture.
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Table 3.5 (Summary)

NET PRESENT COST -- WATER PUMPING 12-15,000 GALLONS/DA{
(1980 - 2000 FINANCIAL ANALYSIS)

1980 1985 1990 1995

Gasoline IC SZ 2581 2687 2802 2928
S3 2608 2753 2921 3102

PV 250 Wp 5502 4150 2437 1347
Windmill 8MPH 4622 — % 3280 3280
15MPH 3750 —— 2744 2744

Sail Windmill 8MPH 4796 4796 4796 4796
15MPH 3248 3248 3248 3248

* ——ae Ipdicates no substantial change in price
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WATER PUMPING

Net Present Cost

Financial Analysis

($1979; Discount Rate =
10% Above Inflation)

6000

5000
Sail Windmill 8 MPH

7omotor 8 MPH

4000

3000
Gasoline
2000 I.C.
PV 250 Wp
1000
0
1980 1985 1990 1995
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$ 1979

6000

5000

4000

3000 |

$1000

WATER PUMPING

Economic Net Present Cost
($1979; Discount Rate =
5% Above Inflation)

Acromotor-8 MPIi

Omo Windmill-15 MPH

Gag!line I.C. \\\\\\\

2000 /

PV 250 Wp

1980 1985 1990 1995

OCVLLOPMENT SCIENCLES INC,



-57-

Table 3.6 (Surmary)

NET PRESENT COST -- WATER PUMPING
(1980 - 2000 ECONOMIC ANALYSIS)

1980 1985 199C 1995

Gasoline IC 52 3167 32¢€8 3379 3498
S, 3209 3358 3533 3727

PV 250 Wp 5537 4050 2362 1300
Windmill 8MPH 5240 — 3750 3750
15MPH 4283 — 3269 3269

Sail Windmill 8MPH 5474 547.. 5474 5474
15MPH 3747 3747 3747 3747

*———]Indicates no substantial change in price
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jndustrialized LDCs (e.g., India, Brazil) would be possible and further
lower costs.

(2) The increasing price of fuel even under the S3 scenario makes
very little difference to the total net present cost of the system. The
slope of the Gasoline IC engine indicates that the cost of gasoline plays
only a minor role in total cost. Furthermore the S2 and 53 curves are very
similar, indicating that the difference between 2 percent and 5 percent
annual price increase is not great.

(3) The value of wind pumping is, as would be expected, highly site-
dependent. For areas with 8 mph winds neither the Aeromotor nor the 0MO-
type pumps are cost competitive. However, at 15 mph average annual wind
speed both wind machines become cost competitive around 1990.

(4) The Omo wind pump is more expensive than the competing Aeromotor
wind pump because of its relative inefficiency. At higher wind speeds, the
Omo pump is less expensive because of the lower initial cost.

(5) An increase in the desired level of pumping would be to the advan-
tage of the gasoline pump since it could easily axpand its output by pumping
more than 2-1/2 hours per day. If the quantity of water required doubled,
the gasoline IC would decline relative to the others since its capital outlay
would remain constant. Consumption of gasoline would double, but since the
out years are discounted, the most this would represent is a smaller present
cost than similar capital investments which must be amortized at the
beginning.

(6) The Economic NPC with a social discount rate results in an economic
advantage for PV over the gasoline [C a few yearc earlier than with a

Financial NPC using the discount rate of a farmer.
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B. Electrification of a Village.

1. Background

This case study develops three alternatives for providing electricity
to rural areas based upon renewable and non-renewable resources. Tradition-
ally, rural economies have chosen between national grid extension or small
scale diesel generators as the basic means of electrifying villages. Today,
as it becomes apparent that costs for expanding urids to reach these isolated
and remote communities may be prohibitive, derentralized solutions are con-
sidered. However, when they require dicsel fuel in an arca of short supply,
an evaluation of renewable resources is worth making. This study accordingly,
compares rural electrification procedures based upon diesel generation, photo-
voltaic cells, and wind power. Systems suitable for remote use are described
and discussed. In addition, a set of assumptions is provided to identify
the key variables and major constraints.

Village electrical loads can include lights for the domestic, commer-
cial and public sectors, radios and television sets, refrigerators for
domestic and commercial purposes as well as for health needs such as drug
preservation. In this study, minimal attention will be paid to selection
of these specific services to be provided and their distribution requirements.
Rather the focus will be on the use of the generating technology itself.

A base load has been chosen in order to compare the systems and define
their costs. The base load is small in scale, providing approximately
5,600 kilowatt hours a year or about 15 kilowatt hours a day. As an
example, at 60 watts a unit, this could provide lighting in several rooms

in each of 20 homes. Alternatively, it would provide refrigerators at
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115 watts per unit for over 10 locations. Village loads vary with the func-
tions and activities as well as the number of inhabitants. The choice of
services for a village is beyond the scope of this study.
2. Economic Analysis
a. Diesel Generation
In many areas of the world, diesel generated power is common for rural
jsolated communities. Data are available on equipment costs, maintcnance
requirements and fuel use, but it is difficult to establish real costs for
the fuel itself and thus the generated clectricity. Estimates of these
variables have been made previously in an earlier section and are noted as
applicable.
The costs for diesel generated power can be established with the follow-
ing information:
e Base data on system specifications and performance
¢ Fixed costs of equipment and installation
e Annual Costs of financing and maintenance less fuel, and
e Fuel costs based upon varying scenarios.
These data will provide a basis for later comparison of alternative elec-
tric generating systems presented in Tables 3.10 and 3.11. Details for
diesel and other costs are presented in Appendix 3, "Cash Flow Analysis
for Electrification of a Village."
Winco Division of Dyna Technology, Inc. (Minneapolis, MN) produces a
variety of diesel generating systems ranging in size from small units suit-
able for auxiliary domestic use to larger units designed for construction

projerts. These air-cooled systems are available both for domestic and
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overseas use in elther 50 or 60 Hz with appropriate outlets. A small unit

is rated at 4 Kw and has a shipping weight of 624 pounds.

In the small scale system, it has been estimated that the generator

will be run for five hours per day at 80 percent efficiency for 350 days or

1,400 hours per year to produce 5,600 kilowatt hours per year. Table 3.7,

"Diesel Generator Specifications and Costs" presents the basis for cost

estimates.

These costs assume a life time of 10 years with oil changes at

60-hour intervals, tuneups at 1,000 hcours, overhauls at five years, and

replacement at 10 years.

b.

Table 3.7

DILSEL GENERATOR SPECIFICATIONS AND COSTS

1979 Capital Cost

Fuel Use

Daily Usage

0i} Capacity

Shinping Charge
Inscallation

Useful Life

Annual Output

0i1 Change Interval
Engine Tuncup Interval
Engine Overhaul Interval
Annual Usage

Photovoltaic Cells

4 Kw
$3465
142 gallons/hour
5 hours @ B80% efficiency
3.5 pints
1,000
1,000
10 years
5,600 twh
60 hours
1,000 hours
5 years
350 days

As previously discussed in Chapter 2, much of the cos: associated with

the use of photovoltaic cells to produce electricity comes from the balance

of system (BOS) components including the batteries. A 3.5 Kw system capa-

bie of producing 5,600 Kwh at certain specified locations was chosen, and

specificaticns and costs as presented in Table 3.8 were developed using

the changing costs and design philosophy diccussed previously.
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Table 3.8

3.5 KW PHOTOVOLTAIC ELECTRIFICATION SPECIFICATIONS & COSTS

Module Cost ($/wp)

Balance of System ($/wp)]

Battery (3/WP)

Invertor

3.5 Kw System Cost

Transport

Annual Output

Annual Operation & Maintenance
(10% Capital Cost)

Useful Life Array

Useful Life Battery

Salvage Value Array ($/wp)3

Salvage Value Battery ($/wp)?

1980
10.00
16.50
3.30
5,500
$98,250
4,500
5,600 Kwh
1.000

15 yrs
5

1.00
1.75

4,500
5,600 Kwh
670

15 yrs
f)

.25
1.37

1) BOS includes Battery Costs and Installation.
2) Invertor from DC to AC not included in BOS; use DC power beginning 1990.
3) Salvage value at end of 10 years -- 50% of that year's module cost.

4) Salvage value at end of 5 years -- 50% of that year's cost.
5) Reflects local manufacture and less transport.

¢. Wind Power

199

2.00
8.00
2.75

$35,000
2,500%
5,600 Kwh
350

15 yrs
5

.25
1.00

1995

.50
4.50
2.00

$17,500
2,500
5,600 Kwh
175

15 yrs
5

.25
1.00

A third alternative for remote village electrification is the use of a

wind driven generator.

Systems are available for those locations where the

average yearly wind speed is appropriate to the machine design and village

requirements.

industrial purposes and been used to supplement or backup conventional

electrical needs.

Traditionaily, windmills have served agricul tural and

a convenient electrical alternative for appropriate wind locations.

Their availability now as a complete system makes them

Wind machines are available from several different manufacturers in

varying sizes.

The Pinson Cycloturbine (Marstons Mills, Massachusetts) has
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been selected as an example of a present "state-of-the-art” system. This
machine has a vertical axis with straight blades of 10-foot length which
are cyclically pitched and follow a schedule of angle change preset for the
specific site. The starting wind speed is 8 mph with a shut down at 55 mph.
Governing wind speed is at 30 mph and it is generally assumed that 12-13
mph average yearly wind speed is necessary for economic usage.

The Pinson machine is presently available without batteries at $8,000.
An invertor such as the Best No. B48-5000 is appropriate and available at
$2,500. Batteries can be sized as nreeded and the Surrette No. 8D will
supply 221 Ah with 20 units of 12 volts each for a 220-240 volt system.

Table 3.9, "Relevant Wind Machine Specifications and Costs,"” presents the

basic data.

Takle 3.9
RELEVANT WIND MACHINE SPECIFICATIONS AND COSTS -- 4 KW MACHINE

1980 1985 1990 1995
Capital Cost! $7,200 $6,500 $5,500 $5,800
Invertor? $2,500 $2,500 -- --
Batte.'ies3 $4,000 $4,000 $4,000 $4,000
Installation $1,000 $1,000 $1,000_ $1,000
Transporté $3,500 $3,500 $1,500° $1,500
System Yeight (1bg 4,600 4,600 4,600 4,600
Annual Output Kwh 5,412 5,412 5,412 5,412
Useful Live (years) 15 15 15 15
Useful Life Battery (years) 5 5 5 5
Salvage Value at 10 years $1,500 $1,000 $1,000 $1,000

Operation & Maintenance

1) Declines by 10% each 5 years tnrough 1990 to reflect local construction.
2) DC to AC requires invertor; use DC 1990 onwards.

3) 221 AMP nours storage; 2-3 days storage

4} $.50 - 5.60 per 1b sea freight; $.25/1b local freight & handling.

5) Reduced :hipping due to local manufacture.

6) At 12 mph average annual wind speed.
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A recent stuqyz has suggested that cost savings over 10 percent are
possible with design modifications and high quantity production in a more
troditional wind turbine generator. Accordingly, 1985 and 1990 costs have

been developed to reflect a decrease based upon design refinements and

guantity production.

3. Comparison

The foilowing Tables 3.10 and 3.11 provide a net present cost comparison
of three alternatives using both financial and economic analyses. These
data include the rising cost of diesel fuel as previously described and cost
savings in PV and wind systems based upon some design changes and larger

production rates. Figure 3.1 gives a further graphic comparison over time.

Table 3.10 (Summary)

NET PRESENT COST -- VILLAGE ELECTRICITY SYSTEMS (1980-1995 FINANCIAL ANALYSIS)

1980 1985 1990 1995
Diesel Sy 20,217 21,317 22,490 24,328
Diesel S3 21,177 23,813 27,798 33,089
PV 103,713 70,565 37,665 19,762
Wind 20,169 20.169 14650 14,690

Table 3.11 (Summary)

NET PRESENT COST -- VILLAGE ELECTRICITY SYSTEMS (1980-1995 LCONOMIC ANALYS.S)

1980 1985 1990 1995
Diesel S 25,106 26,495 27,948 29,6227
Diesel 53 26,460 30,71% 34,969 41,013
Py 110,192 74,647 40,7256 21,405
Wind 22,028 22,028 14,587 15,%87

2. "Development of an 8 kw Wind Turbine Generator for Residential Type
Applications,"” M. C. Cheney, et. al., United Technologies Rescarch Center,
East Hartford, Connecticut; prepared as part of the United States Department
of Energy, Division of Distributed Solar Technology Federal Wind Energy
Program; June 25, 1979,
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Figure 3.1

NET PRESENT COST -- VILLAGE ELECTRICITY SYSTEM
1980-1995 (FINANCIAL)
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4. Conclusions -- Village Electricity

a. Despite great drops in the price of PV cells, indigenous manufacture
and fabrication of equipment and system redesign to lower costs (e.q. IC
use in 1490, less storage), the PV system is cost competitive only after
1990 and this is under the worst oil price scenario.

b. In areas with strong winds -- average annual wind speed of 12 mph
or better -- wind machines aie cost competitive today and will continue
to increase in attractiveness. Since electricity output increases or
decreases as a function of the cube of the wind speed, the attractiveness
of wind machines at arcas with lower wind speeds must be examined closely.

c. Once again, an Economic NPC fuvors the PV system a few years sooner
than the Financial NPC, reflecting the social propensity to accept the

costs of the more capital-intensive systems.
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C. Ethanol Production

1. Production and Applications

Fthanol (grain alcohol) can be produced from a variety of biomass
materials for use as a substitute for & number of petroleum products,
particularly gasoline. The basic techno.ogies of fermentation and distilla-
tion used in ethyl alcohol production are well developed and widely used.

Ethanol can be used as a 1iquid fuel either as straight alcohol or as
a mixture with gasoline (gasonol}. A gasohol mixture containing up to 20
percent alcohol can be used Dy a conventional gasoline engine without
modification. Although ethanol has 1ass than two-thirds the heat content
of gasoline, gasohol provides fuel economv and performance comparable to
straight gasoline. This is due to the significantly improved combustior
efficiency and octane rating that the ethanol addition provides. In con-
trast, pure ethanol must be used in engines designed specifically to
accommodate the fuel's unique combustion and corrosion properties. Thus,
the use of ethanol in gasohol offers the following advantages:

e ethanol can be substituted on a one-to-one basis for gasoline

e gasohol makes full use of ethanol's octane boosting characteristics

e gasohol can be used by conventional gasoline engines without
modif-cation

For these r ~<ons, ethanol use as a blend with gasoline to form gasohol is
considered here as the most important advantageous method of use as a petro-
Teum substitute.

Ethanol is produced by the fermentation of sugar by yeast. The three
wajor soirces of this sugar are:

e sugar rich materials such as sugar cane juice, molasses or
sweet sorgum
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e starch materials such as corn, rice or cassava which can be
converted to sugar by addition of enzymes

o cellulose material such as wood or crop resicues which can be
converted to fermentable sugars by acid hydrolysis

It should be noted that the economics of ethanol production depend greatly
on the raw material used. For example, if starch or cellulose materials are
used, provision must be made for their conversion to sugar, a step that is
not necessary when natural sugar materials are used as the feed stock. Some
raw materials such as sugar cane provide bagasse which can be used to fuel
the distillation process while operations based on other raw materials will
require outside sources of heating fuei. Certain raw materials will be
available only on a seasonal basis. Thus production equipment may be idle
for as much as 6 months each year. Certain raw materials may produce by-
products from the fermentation process that arc of value locally as animal
feed or soil conditioner. These factors all influence the feasibility of @
particular ethanol production project.

The major components of the cost of ethanol production are: capital cost
recovery, raw material costs, operating expenses and credits for the sale of
by-products. Of these, the cost of raw materials is the most significant,
typically accounting for 50-75 percent of the final product cost. Raw material
costs will generally depend on local market conditions and the cost of trans-
portation to the ethanol plant. The availability of a sufficient quantit,
of raw materials at an acceptable price should be considered as the key to a
viable ethanol production facility. As Figure 3.2 illustrates, the crop land

areas needed to supply significant volumes of cthanol are quite large.
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Figure 3.2

CROP LAND REQUIREMENTS
FOR ETHANOL PRODUCTION

SOURCE:
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2. Ethanol Production from Sugar Based Raw Materials

The most extensive experience world-wide in ethanol production is with
facilities using sugar based raw materials, particularly sugar cane. In
Brazil, over 300 such distilleries have been built in conjunction with that
nation's alcohol fuel program. This experience provides the bulk of avail-
able data on the commercial production of ethanol fuel.

Sugar containing raw materials offer several advantages which make them
the most desirable feed stock for ethanol production. Because fermentable
sugars are directly available, no conversion of starch or cellulose is needed.
Thus the capital and operating costs of sugar based plants are lower than for
plants using other raw materials. In addition, bagasse may be available to
provide "free" fuel for the process. In areas where competing uses for
bagasse exist, production costs will be higher than those shown here.

Capital cost data from Brazil have been used to estimate the cost of
various size sugar based ethanol plants. Table 3-12 below illustrates the

effects of economy of scale on final product cost.

Table 3-12
Plant Capital Days/ Annual Capital Cost
Raw Capacity Cost Year Production Per Gallon
Material (Liters/Day) _($Million) Operated (Gallons) (@10%/20 Yr)
Sugar Cane: 20,000 2.5 180 .95M $0.30
120,000 9.5 180 5.7M $0.19
240,000 15.6 180 11.4M $0.16
Molasses: 20,000 2.2 180 . 95M $0.27
120,000 1.6 180 5.7M $0.15
240,000 12.5 180 11.51 $0.13

(Source: REF. 1)
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A much more significant contributor to the cost of the final product is the

cost of the raw material. This is {1lustrated by the data in Table 3-13

below.

Table 3-13

Raw Material Cost/Ton Ethanol Yield/Ton Raw Material Cost/Gallon

Sugar Cane $10 18.5 Gallons $0.54
$15 18.5 Gallons $0.81
$20 18.5 Gallons $1.08

Molasses $40 74 Gallons $0.54
$60 74 Gallons $0.81
$80 74 Gallons $1.08

Figures 3.3 and 3.4 show the expected production costs for various
ethanol plants using sugar cane or molasses as raw materials. These figures
are based on experience in Brazil, with capital costs escalated by 25 percent
to reflect expected costs in medium cost developing countries and assuming a
10 percent economic rate of return.* As these figures show, with 1980 gaso-
line prices of $1.09 per gallon, ethanol production from sugar cane (120,000
liter per day plant) may be attractive if the raw material can be obtained at
$14 per ton or less. Similarly, ethanol from molasses (bagasse fueled) may
be attractive if the feed stock can be obtained for $65 per ton.

3. Ethanol Production from Starch Based Raw Materials

Starch containing materials such as corn, cassava and rice can be used

for ethanol production by converting the starch to fermentable sugar through

* This section does not use the net present cost as in previous methodology
used to compare technologies. In this section the key variable is feed-
stock, not technological process.
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the action of enzymes. Although this process has been used for years by the
beverage alcohol industry, its use for alcohol fuel production is quite
limited. The capital costs shown in Table 3-14 assume the use of energy

saving designs not commonly found at beverage alcohol distilleries.

Table 3-14
Plant Capital Days Annual Capital Cost
Raw Capacity Cost Operated Production Per Gallon
Material (Liters/Day) ($Million) Per Year (Million Gallons) _@107/20 Yr
Cassava or
Corn 20,000 3.1 275 1.4 $0.26
120,000 11.4 275 8.5 $0.16
240,000 19.0 275 17.0 $0.13

Although capital costs for starch based ethanol plants may be somewhat
higher than for sugar based plants, the availability of raw materials over a
longer portion of the year may increase plant utilization, thus lowering
product cost. As with sugar based plants, however, raw material costs are
the major determinant of final product cost.

For certain starch feed stocks, by-products of considerable local value
may be produced. Experience in the U.S. has shown that the value of the
spent grain (as animal food) and carbon dioxide (for industrial use) produced
by fermentation may be $0.30 to $0.60 pecr gallon of etitanol produced (2,3).
The value of these by-products in developing ccuntries is likely to be much
lower depending on ioc1] demand. Table 3-15 shows the impact of raw material

costs on cthanol production cost assuming no credit for sale of by-products.

DEVELOPMLNT SCIENCES INC.
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Figure 3.6
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Table 3-15

Raw Material

Raw Material Cost/Ton Ethanol Yield/Ton Cost/Gallon
Corn $ 84.70 (2.15/bu.) 95.5 Gallons $0.89
$110.30 (2.80/bu.) 85.5 Gallons $1.15
$128.10 (3.25/bu.) 95.5 Gallons $1.34
Cassava $20 46.5 Gallons $0.43
$40 46.5 Gallons $0.86
$80 46.5 Gallons $1.72

Figures 3.5 and 3.6 provide estimates of ethanol production costs as a
function of raw material costs. Becausc the data for corn based plants
comes largely from experience in the U.S., it is believed that a by-product
credit of about $0.30/gallon may be included in the data compiled by the
World Bank. Data on cassava based plants is availabhle only from research
and demonstration facilities. Thus, production cost figures presented are

estimates only.

4. Ethanol Production from Cellulose Based Raw Materials

Cellulose materials are comparatively difficult to convert into fermen-
table sugars. The process, which involves subjecting the feed stock to heal
and acid, is the subject of ongoing research. Although no commercially viable
celiulose-based processes are available at present, some authorities believe
they may be developed in the next 10-20 years (2,3). Once the technical
problems are resolved, cellulose raw materials offer the advantages of being
potentially available in many areas (any type of vegetation such as wood or
crop residue may be used), and of supplying the fuel needed for distillation

as well as the sugar needed for fermentation.

DEVELOPMEMNY SCICNCT 4 INC
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Duc to equipment needed for conversion of the cellulose, capital cost
can be expected to be somewhat higher than for starch based plants. As with
other ethanol production systems, however, raw material costs are likely to
be the major factor in final product cost. With an ethanol yield of 41.3
gallons per ton, the impact of wood purchase price on ethanol cest is illus-

trated below:

Wood Cost kaw Material
$/Ton Cost/Gallon
$ 25 $0.61
$ 50 $1.21
$100 $2.42

Fuel wood in the Northeastern United States is presently selling for $50 to
$100 per ton.

5. Summary

The feasibility of ethanol production from biomass is highly site specific.
The econtmics of alcohol manufacture depends most directly on the cost of raw

material.. and the value of the gasoline which the ethanol product would replace.

Figure 3.7 provides a graphic comparison of ethanol production conty
with expected world gasoline costs. Since ethanol u.cd in gasohol can be
substituted one for one for gasoline, ethanol production can be considered
financially viable when production casts equal the prevailing cont of
gasoline. As the fiqure indicates, as the world price of gatoline increasesn,*
the number of raw materials attractive for ethanol production aloo ine regn e,
In countries where sufficient quantities of sugar cane or mlasses are

presently available, ethanol production may be competitive today with qas01ine

* Recall that thewe costs do not reflect national or local taxes or profits
and are therefore lower than actual prices paid at the pump .,

OEVLLOPMLNT Sl HCELYS tHC
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prices of $1.10 per gallon. As gasoline prices continue to rise, ethanol
production will become attractive to increasing numbers of countries capable
of supplying the rceded volume of raw materials at reasonable prices. In
general, ethanol production from sugar containing feed stocks is expected to
be economically attractive today or in the near future depending on local

raw material costs. Starch based ethanol plants are somewhat less attractive,
but may be feasible very shortly in countries capable of providing raw

materials at a reasonable price.
In addition to the financial factors, a number of otner concerns asso-

ciated with large scale ethanol production must be considered including the

following:

o Significant land areas are required to supply the needed
raw materials (e¢. 100 sq. km. of sugar cane land would
be required to supply @ 10 million gallon/year plant)

¢ Unless raw materials are produced on presently unused land,
ethanol production will compete with local food and/or fuel
demands.

e Religious concerns and texation of alcohol regarding alcohol
use where fears of controlling access are felt, may influence
local acceptability of ethannl production.

o Central government participation may be required to ensure
raw material availability, distribution facilities and t~
balance food and fuel requircments.

e Commercial experience with large scale ethanol facilities
using raw materials other than sugar cane, molasses and corn
is largely lacking. As a result, high design and start up
costs can be expected.

e Fxperience in Brazil suygects the creation of one job for
each $10,000 invested in ethanol production.

6. Referencee for [thanol Analysis:

1. Alcohol Production from Biomass in the Developing Countries,
World Bank, September, 1980.

3. [thanol Motor Fuels and "Gasohol”, Thomas A. Sladek, Colorede
School of Mines, May, 1978.

DEVELOPMINT SCIEMNCES INC
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Table 1

PRICE OF FUEL 1980-2000 REMOTE AREAS

(1979 $ PER GALLON)
No Taxes or Profits Included

el
.34
.38
.42
.46
.50
.54
.58
.62
. 60
N
.75
.79
.84
.90
.93
.98
.03
.08
.13
.18
.23

W W W W W NN NN NN NN NN N N NN NN NN

wn
w
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Table 2
DECLINING BOS COSTS

1980 BOS 1985 BOS 1990 B80S 1995 BOS
$16. 50 15.00 8.00 4.50

Ariay, Structure and 18%  $2.97 17%  $2.50 165 $1.25 172§ .75
Site Preparation

Electrical 33% 5.45 33% 5.00 25% 2.00 22% 1.00
Components

Storage 20% 3.30 23% 3.50 34% 2.75 44% 2.00
Installation and 20% 3.30 20% 3.00 19% 1.50 11% .50
Checkout

Other 9% 1.49 7% 1.00 6% .50 6% .25

Module $10.00 5.00 2.00 50
ASSUMPTIONS

1) Lighter/different design of module

2) Designs with prioritized service, also less storage than current designs
3) In-country installation/manufacturing

4) Demonstration period phenomenon ends after FY '85

5) Changes in protection/insulation on critical user components rather than
on total system

DCVELOPMENT SCIENCES INC.
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1980 - 1990 CASH FLOWS PV PUMP

Financial Analysis

Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Capital & Transport 1210 1057 1057 1057 1057
Maintenance 75 75 75 75 75 75 75 75 75
Salvage Value
Total Annual
Cash Flow 1210 1132 1132 1132 1132 1132 75 75 75 75
Net Present Cost
Discount Rate
Inflation +10% =5502
Economic Analysis
Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Capital & Transport 250 .
Maintenance 75 75 75 75 75 75 75 75 75 75
Salvage Value
Total Annual
Cash Flow 5250 75 75 75 75 75 75 75 75 75

Net Present Cost
o Discount Rate
2Inflation +5% = 5537

ASSUMPTIONS

Capital Cost:
Transport Cost:
“Terms of Purchase:
ZUseful Life:
Salvage Value:

ADHIDS ANINIOT

$5,250 in 1980
§ 800, $2-2 1/2 per 1b. air freight ]
20% down payment, 5 year amortized loan at 3% above inflation
Ten years pump, 15 years PV array
At end of ten years saivage value $2.00 Wp for array

-500
-500

-500
-500

—bs-
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sCapital Cost:

1985 - 1995 CASH FLOWS PY PUMP

Financial Anralysis

Down )
Payment 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
Capita! & Transport 860 751 751 751 751 751
Maintenance 75 75 75 75 75 75 75 75 75 75
Slvage
Total Annual
Cash Flow 860 826 826 826 826 826 75 75 75 75 75
Net Present Cost
Discount Rate
Inflation +10% = 4150
Economic Analysis
Down
Payment 1985 1986 1937 1988 1989 1990 1991 1992 1993 1994
Capital & Transport
Maintenance 3500 75 75 75 75 75 75 75 75 75 75
Salvage
Total Annual
Casnh Flow 3500 75 75 75 75 75 75 75 75 75 75

Net Present Cost
Discount Rate

Inflation +5% = 4050

* SSUMPTIONS

oTransport: Air Freight $800
2Terms of Financr
sJdseful Life: Ten ..

sSalvage Value:
(2]

$2 - 2 1/2 per 1b.

20% down payment, 5 year amortized loan at 3% above inflation
~S pump, 15 years P array
At ei of ten years $.20/%Wp = $50

BOS B8$12.50 - Battery 0%$3.50+array @$5.00 = $14.00/Wp x 250 Wp = $3,500

-50

-50
-50
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1990 - 2000 CASH FLOWS PV PUMP

Financial Analysis

Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Capital & Transport 483 404 404 404 404 404
Maintenance 78 75 75 75 75 75 75 75 75 75
Salvage
Total Annual
Zash Flow 463 479 479 479 479 479 75 75 75 75 75
Net Present Cosg
Discount ka =
Inflation +}:
Economic Analysis
Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Capital & Transport 1813
Mainterance 75 75 75 75 75 75 75 75 75 75
Saivage
Total Annual
Cash Flow 1813 75 75 75 75 75 75 75 75 75 75

Net Presant Cost
Discount Rate
Inflation +5° = 2362

ASSUMPTIONS
Capital Costs:
Transgers:

usefuil Life:
Saivace Velue:

7.25/Wp x 250Wp = 1813
3500 reflecting some parts locally manufactured
Terms of Firancae: 20 . down payment, 5 year amortized loan at 3% above inflation
fou Ten years pump, 15 years PV array

-~
~

AL end of ten years $.20/Vp - 330

-98-
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1995 - 2005 CASH FLOWS PV PUMP

Financial Analysis

Down
Payment 1995 1996 1997 1998 1999 2000 2000 2002 2003 2004
Capital & Transport 210 183 183 183 183 183
Maintenance ) 75 75 75 75 75 75 75 75 75 75
Salvage Value
Total Annual ,
Cash Flow 210 258 258 258 258 258 75 75 75 75 75
Net Present Cecst
Discourt Rate
Inflation +10% = 1347
Economic Analysis
Down
Payment 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Capital & Transport 750
Faintenance 75 75 75 75 75 75 75 75 75 75
Salvage Value
Total Annua)
Cash Flow 'S0 75 75 75 75 75 75 75 75 75 75

et Present Cost
Disccunt PRate
Inflation +5% = 1300

$3.00Wp x 250%Wp = $750 based on local manufacture and lost cost

er~s 0F Purchase: 207 down payment, 5 year locan amortized at 3% above inflation

ASSUMPTIONS
Capital:
Tranrscort: €300 materials
vseful Life:
Salvage Value;

Ten years pump, 15 years PV array
At end of ten years salvage value $.20Wp for array

-50
-50
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1980 CASH FLOWS MECHANICAL WIND PUMP - U.S. MANUFACTURE

Financial Analysis

Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Capital & Transport
+installation

8MPH 1011 883 883 883 883 883
15MPH 784 685 685 685 685 685
Maintenance 100 100 100 100 100 100 100 100 100 100
Salvage Value
BMPH -1000
15MPH - 700
Total Annual Cash
Flow 8MPH 1011 983 983 983 983 983 100 100 100 100 100 -1000
15MPH 784 785 785 785 785 785 100 100 10C 100 100 - 700
Net Present Cost 8MPH 15MPH

Discount Rate
Inflation +10% = 4622 3750

Economic Analysis

Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Capital & Transport
+installation

8MPH 5053
15MPH 3920
Maintenance 100 100 160 100 100 100 100 100 100 100
Salvage Yalue 8MPH -1000
15MPH - 700
Total Annual Cash
Flow 8MPH 5053 100 100 100 100 100 100 100 100 100 100 -1000
15MPH 3920 100 100 100 100 100 100 100 100 100 100 - 700
Net Present Cost 8MPH 15MPH

Discount Rate
Inflation +5% = 4622 3750
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1990 CASH FLOWS MECHANICAL WIND PUMP - AEROMOTOR DESIGN INCIGENOUS MANUFACTURE

Capital & Transport
+installation
8MPH
15MPH
Maintenance
Salvage Value
8MPH
15MPH
Total Annual Cash
Flow 8MPH
15MPH

Net Present Cost
Discount Rate

Inflation +10% = 3280

Capital & Transport
+installation

8MPH
15MPH
Maintenance
Salvage Value 8MPH
15MPH
Total Annual Cash
Flow 8MPH
15MPH

Net Present Cost
Discount Rate
Inflation +5% =

Financial Analysis

Down
Payment 1°30 1991 1992 1993 1994 1995 1996 1997 1998 1999
667 t92 592 592 592 592
526 450 460 460 460 460
160 100 100 100 100 100 100 100 100 100
667 692 692 692 692 692 100 100 100 100 100
526 560 560 560 560 560 100 100 100 100 100
8MPH 15MPH
2744
Economic Analysis
Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
3387
2731
100 100 100 100 100 100 100 100 100 100
3387 100 100 100 100 100 100 100 100 100 100
2731 100 100 100 100 100 100 100 100 100 100
8MPH 15MPH
3280 2744

-700
-400

-700
-400

-700
-400

-700
-400
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Capital Cost 8MPH
15MPH

Annual Maintenance
Salvage Value 8MPH

15MPH

Total Annual Cash
Flow 8MPH
15N PH

Net Present Cost
Discount Rate
Inflation +10% =

Capital Cost 8MPH
15MPH

Maintenance

Salvage Value &HFH
15MPH

Net Present Cost
Discount Rate
Inflation +5% =

VILLAGE CONSTRUCTED WIND PUMPING MACHINE

Financial Analysis

OMO, ETHIOPIA

Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
98p 856 856 856 856 356
588 514 514 514 514 514
150 150 150 150 150 150 150 150 150 150
980 1006 1006 1006 1006 1006 150 150 150 150 150
588 664 664 664 664 664 150 150 150 150 150
8MPH 15MPH
4796 3248
Economic Analysis
Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
4900
2940
150 150 150 150 150 150 150 150 150 150
4900 150 150 150 150 150 150 150 150 150 150
2940 150 150 150 15C 150 150 150 150 150 150
8MPH 15MPH

5474 3747

-1000
- 600

-1000
- 600

-1000
- 600

-06-
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Capital & Transport
Maintenance
Fuel 52

53
Total Annual Casn
Flow S2

53
Net Present Cost

Discount Rate
Inflation +10% =

Capital & Transport
Maintenance
Fuel 32

53
Total Annual Cash
Flow S
2
53
Net Present Cost

Discount Rate
Inflation +5% =

1985 - 1995 CASH FLOWS GASOLINE IC PUMP

Financial Analysis

Down
Payment 1985 1986 1987 1988 1989 1590 1991 1992 1993 1994
181 228 228 228 165 233 233 233
75 75 75 75 75 75 75 75 75 75
159 161 164 166 169 172 174 178 181 183
164 168 172 176 181 184 189 194 198 203
161 462 464 467 241 409 480 482 486 256 258
161 465 4n 475 251 421 492 497 502 273 278
2687 2753
Economic Analysis
Down
Payment 1985 1986 137 1988 1989 1990 199] 1992 1993 1994
750 790
75 75 75 75 75 75 75 75 75 75
159 161 164 166 169 172 174 178 181 183
164 168 172 176 181 184 189 194 198 203
790 234 236 239 241 244 1037 249 253 256 258
790 239 243 247 251 256 1049 264 269 273 278
32 53
3268 3358
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Capital & Transport
Maintenance
Fuel S2

53
Total Annual Cash
Flow S
2
53
Net Present Cost

Discount Rate
Inflation +10% =

Capnital & Transport
Maintenance
Fuel S2

53
Total Annual Cash
Flow S2
S3
Net Present Cost

Discount Rate
Inflation +5% =

1990 - 2000 CASH FLOWS GASOLINE IC PUMP

Financial Analysis

Down
Payment 1990 1991 1992 1995 1994 1995 1996 1997 1998 1999
165 233 233 233 169 239 239 239
75 75 75 75 75 75 75 75 75 75
172 174 178 181 183 186 189 193 196 199
184 189 194 198 203 208 213 218 223 228
165 480 48~ 486 256 427 500 503 517 2N 274
165 492 497 5G2 273 447 522 527 532 298 303
S 53
2803 2921
Economic Analysis
Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
790 790
75 75 75 75 75 75 75 75 75 75
172 174 178 181 183 186 189 193 196 199
184 189 194 198 203 208 213 218 223 228
790 247 249 2853 256 258 1051 264 268 2N 274
790 259 264 269 273 278 1073 288 293 298 303
52 S3

3379 3533
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1995 - 2005 CASH FLOWS GASOLINE IC PUMP

Financial Analysis

Down
Payment 1995 1996 1997 1998 1998 2000 2001 2002 2003 2004
Capital & Transport 169 239 239 239 174 .45 245 245
gaintenance 75 75 75 75 75 75 75 75 75 75
Fuel S2 186 189 193 196 199 202 205 209 212 216
C
~3 208 213 218 223 228 233 2338 244 250 256
Total Annual Cash )
Flow S2 1€39 500 503 507 2n 447 522 525 529 287 291
S3 169 522 525 530 298 476 553 558 564 325 33
Net Present Cost S S
2 3
Discount Rate
Inflation +10% = 2928 212
Economic Analysis
Down
Payment 1995 1936 1997 1998 1t.,3 2000 2001 2002 2003 2004
Capital & Transport 790 790
Maintenance 75 75 75 75 75 75 75 75 75 75
Fuel S2 186 189 193 196 199 202 205 209 212 216
S3 208 213 218 223 228 233 238 244 250 256
Total Annual Casr
Flow S2 790 261 264 268 2N 274 1067 280 284 287 291
S3' 790 283 288 293 298 303 1098 313 319 325 331
Ne% Present Cost S2 S3

Discount Rate
Inflation +5% = 3498 3727
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1980 -~ 1990 DIESzL GENERATOR CASH FLOWS - 4 Kw

Financial Analysis

Down
Payment 1980 1981 1982 1983 1884 1985 1986 1987 1988 1989
Capital & Transport
+ Installation 1093 955 955 955 955 955
Maintenance (Tuneup) 700 700 700 700 700 700 700 700 700 700
0i1 Change 163 166 169 173 176 180 183 187 191 195
Fuel S, 1376 1432 1461 1490 1520 1550 1581 1613 1645 1678
S3 1376 1445 1517 1593 1672 1756 1844 1936 2033 2135
Overhaul 1500
Annual Cash Flow
S2 1093 3194 3253 3285 3318 3351 3930 2464 2500 2536 2573
S3 1093 3194 3266 3341 KI.YA 3503 4136 2727 2823 2924 3030
Net Present Cost 52 S3
Inflation + 10% 20,217 215177
Economic Analysis
Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Capital & Transport
+ Installation 5465
Maintenance 700 700 700 700 700 700 700 790 700 7060
0i1 Change 163 166 169 173 176 180 183 187 191 195
Fuel 52 1376 1432 1461 1450 1520 1550 1581 1613 1645 1678
S3 1376 1445 1517 1592 1672 1756 1844 1936 2033 2135
Overhaul 1500
Annual Cash Flow
So 5465 2239 2298 2330 2363 2396 3930 2464 2500 2536 2373
S3 5465 2239 23N 2386 2466 2548 4136 2727 2823 2924 3030
Net Present Cost S, 53
Inflation + 5% 25,706 267460

-ve-
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1990 - 2000 CASH FLOWS 4 Kw WIND MACHIKE

Financiai Analysis

Down
Payment 1990 199] 1992 1893 1994 1995 1996 1997 1998 1999
Capital & Transport1+
Install + Batteries 2460 2150 2150 2150 2150 2150

Maintenance 615 615 Gi5 615 615 615 615 615 615 615
Battery Replacement 800 700 700 700 700
Salvage Value - Battery -1000 -1000
Windmil -1500
Annual Cash Flow 2460 2775 2775 2775 2775 2775 415 1315 1315. 1315 1315 -2500
Net Present Cost
Inflation + 10% 14,650

Economic Analysis

Down
Payment 1990 199] 1992 1993 1994 1995 1996 1997 1998 1999

Capital & Transport +
Install + Batteries 12300

Maintenance 615 €15 615 615 615 615 615 615 615 €15
Battery Replacement 4000
Salvage Value - Battery -1000 -1000
Windmill -1500
Annua’ Cash Flow 12300 615 615 615 615 615 3615 615 615 615 615 -2500
Net Present Cost
Inflation + 5% 15,587

$12,300 totzi cost installed, 20% down, 5n, i=3% above inflation

-96—
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1980 - 199G CASH FLOWS 4Kw WIND MACHINE

Financial Analysis

Down
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Capital + Transport +
Installl + Batteries +
Invertor 5 3640 3179 3i79 3179 3179 3179
Maintenance 3 685 6835 685 685 685 €85 685 685 685 685
Battery Replacement 800 700 700 700 700
Salvage Value - Battery -1000
Windmill ;
Annual Cash Flow 3640 3864 3864 3864 3864 3864 495 1385 1385 1385 1385
Net Present Cost
Inflation +10% 20169
Economic Analysis
Down ]
Payment 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Capital + Transport +
Install + Batteries +
Invertor 18200 _
Maintenance 685 685 685 685 685 685 685 685 685 685
3attery Replacement -4000
Salvage Vaiue - Battery -1000
Windmill
Annua’l Casn Flow 18200 685 685 685 685 685 685 685 685 685 685
Net Present Cost
Inflation +5% 22028
1) Total $18,200, 20% down, n=5, i=3% above inflation
2) 5% of cost
3) $4,000 cost
4) $1,000 value

-1000
-1500
-2500

-1000
-1500
-2500
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Capital & Transport
& Installation
Maintenance & Tuneup

011 Change

Fuel 52

fuel 53

Overhaul

Annual Casn Flow 52
33

Net Present Cost
Inflation +10%

Capital & Transport
& Installation
Maintenance & Tuneup

011 Change
Fuel SZ
S.
3
Overhaul
Annual Cash Flow S2
33

Net Prasent Cost
Inflation +5%

1990 - 2000 DIESEL GENERATOR CASH FLOWS - 4 Kw

Financial Analysis

Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
1093 955 955 955 9535 955
700 700 700 700 700 700 700 700 700 700 700
198 201 205 208 211 215 218 222 225 229
17011 1745 17€3 1816 1852 1889 1927 1965 2004 2045
2241 2353 2471 2594 2723 2860 3003 3153 3311 3476
1500
1093 3564 3601 3640 3679 3718 4302 2845 2887 2929 2974
1093 4094 4209 4331 4457 4589 5225 3921 4075 4236 4405
3, 33
22490 27798
Economic Analysis
Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
5465
700 700 700 700 700 760 700 700 700 700
198 201 205 208 211 215 218 222 225 229
1711 1745 1780 1816 1852 1889 1927 1965 2004 2045
2241 2353 247 2594 2723 2860 3003 3153 3311 3476
1500
5465 2€09 2646 2685 2724 2727 4304 2845 2887 2929 2974
5465 3139 3254 3376 3502 3634 5275 3921 4078 4236 4405
3, 53
27948 34669
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Capital & Transport
& Installation

Mairtena.ice & Tuneup

0i1 Change

Fuel S2

fuel 53

Overhaul
Annual Cash Flow S2

c
-3

Net Present Cost
Inflation +10%

Capital & Transport
& Installation
Maintenance & Tuneup

0i1 Change
Fuel S
2
33
Overhaul
Annaui Cash Flow S2
33

Net Present Cost
Inflation +5%

1995 - 2005 DIETEL GENERATOR CASH FLOWS - 4 Kw

Financial Analysis

Down
Payment 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
1093 955 955 955 955 955 955
700 700 700 700 700 700 700 700 700 700
215 218 222 229 232 236 239 242 246 250
1889 1927 1965 2004 2045 2088 2128 2170 - 2214 2258
2860 3003 3153 3311 3476 3650 3832 4024 3225 4437
1500
1093 3759 3800 3842 3888 3932 5477 3067 3112 3160 3208
1093 4730 4876 5030 5134 5363 7041 477 4986 517N 5387
S2 53
24328 33089
Economic Analysis
Down
Payment 1995 1996 1957 1998 1999 2000 2001 2002 2003 2004
5465
700 700 700 700 700 700 7C0 700 700 700
215 218 222 229 232 236 239 242 246 250
1889 1927 1965 2004 2045 2086 2128 2170 2214 2258
2860 3003 3153 3311 3476 3650 3832 4024 4225 4437
1500
5465 2804 2845 2887 2933 2977 4522 3067 3112 3160 3208
5465 3775 3921 4075 4240 4408 6086 47N 4966 5171 5387
S, 53
29622 41013
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Capital & Transport
& Tnstallation
Maircenance & Tuneup

Ji1 Change

Fuel S2

Fuel 53

Overhaul

Arnual Cash F'ow - S
SZ
3

Net Present Cost

Inflation + 10%

Capital & Transport
& Installation
Maintenance & Tuneup

Ci1 Change
Fuel S2
Fuel S
Overhaa1
Annual Cash Flow - §
- 52
3

Net Present Cost

Inflation + 5%

Financial Analysis

1985 - 1995 DIESEL GENERATOR CASH FLOWS - 4 Kw

Down
Payment 1985 1986 1987 1988 1989 1990  199] 1992 1993 1994
1093 955 955 955 955 955
700 700 700 700 700 700 700 700 700 700
180 183 187 191 195 198 201 205 208 211
1550 1581 1513 1645 1678 1711 1745 1780 1816 1852
1756 1844 1936 2033 2135 2241 2353 247 2591 2723
1500
1093 3385 3419 3455 3491 3525 4109 2646 2685 2224 2763
1093 3591 3682 3778 3879 3985 4109 3254 3376 3502 3634
52 53
21317 23813
Economic Analysis
5465
700 700 700 700 700 700 700 700 700 700
180 183 187 191 195 198 201 205 208 211
1550 1581 1613 1645 1678 1711 1745 1780 1816 1852
1756 1844 1936 2033 2135 2241 2353 2471 2594 2723
1500
5465 2430 2464 2500 2536 2573 4109 2646 2685 2724 27683
5465 2636 2727 2823 2924 3030 4639 3254 3376 3502 3634
S 33
26492 30215



‘INI SIDINIIDS ININJO1TAID

Capital & Transport
& Installation
Maintenance & Tuneup
0il1 Change
Fuel Sp
Fuel S3
Overhaul
Annual Cash Flow
52

>3

Net Present Ccst

Inflation + 10%

Capital & Transport
& Instaliation
Mainterance & Tureup
0i1 Change
Fuel 3o
53
Overhatl
Annual Cash Flow S2
S

3
Net Present Cost

Inflation + 5%

Financial Analysis

1995 - 2005 DIESEL GENERATOR CASH FLOWS - 4 Kw

Down
Payment 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
1093 955 955 955 955 955 955
700 700 700 700 700 700 700 700 700 700
215 218 222 229 232 236 239 242 246 250
1889 1927 1965 2004 2645 2086 2128 2170 22i4 2258
2860 3003 3153 331 3476 3650 3832 4024 4225 4437
1500
1093 3759 3800 3842 3888 3932 5477 3067 .112 3160 3208
1093 4730 4876 5030 5195 5363 704) 477 4965 5171 5387
2 53
24328 33089
Economic Analysis
5465
700 700 700 700 700 700 700 700 700 700
215 218 222 229 232 236 239 242 2646 250
1889 1927 1965 200< 2045 2086 2128 2170 2214 2258
2860 3003 3153 3311 3476 3650 3832 4024 4225 4427
1500
5465 2804 2825 2887 2933 2977 4522 3067 3112 3160 3208
5465 3775 3721 §075 4240 4408 6086 477 4966 5171 5387
S 53
29622 410613

-00L-
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1995 - 2005 CASH FLOWS PV VILLAGE SYSTEM - 3.5 Kw

Financial Analysis

Down

Payment 7995 1936 1997 1998 399 2000 2001 2002 2003 2004
Capital & Transport1 4000 3494 3434 3494 3494 3494 3494
Annual 0 & M2 ' 175 175 175 175 175 175 175 175 175 175
Battery Replacement3 4 1400 1223 1223 1223 1223
Salvage Value - Battery -3500

- Array> -
Annual Cash Flow 4000 3669 3669 3669 3669 3669 1569 1398 1398 1392 1348
Net Present Cost
Inflation + 10% 19762
Economic_Analysis

Down

Payment 1995 1996 1997 1998 1999 200C 2001 2002 2007 2004
Capital & Transpo.t 20000
0&H 175 175 175 175 175 175 175 175 175 175
Battery Replacement 7000
Salvage Value - Battery -3500

- Array )
Annual Cash Flow 20000 175 175 175 175 175 3675 175 175 175 175
Net Present Cost
Inflation + 5% 21405

1) $29,000, 20% down, i=3, n=5
2) 0% capital cost

3) 5-year life 52.00/wp

&) S1.0C/wp

5) S.25/wp

-3500
- 875
-4375

-1ot-

-3500
- 875
-4375
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1990 - 2000 CASH FLOWS PV VILLAGE SYSTEM - 3.5 Kw

Financial Analysis

Down
Payment 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Capital & Transpor‘t‘I 7500 6550 6550 6550 6550 65t0 6550
Annual 0 & M2 350 350 350 350 350 350 350 350 350 350
Battery Replacement 1400 1223 1223 1223 1223
Salvage Value - Battery -3500
- Array :

Annual Cash Flow 7500 6900 6900 6900 6900 6900 4800 1573 1573 1573 1573
Net Present Cost

Inflation + 10% 37665

Economic Analysis
Down
Payment 1990 1991 1992 1993 1924 1995 1996 1997 1993 1999
Capital & Transport 37500
O&M 350 350 350 350 350 350 350 350 350 350
Battery Replacement 7000
Salvage Value - Battery -3500
- Array _

Annual Cash Flow 37500 350 350 350 350 350 3850 350 350 350 350
Net Present Cost

Inflation + 5% 40256

$37,500 capital & transport, 20% down, n=S, i=inflation + 3%
10% capital cost

N —
P

-3500
- 875
-4375

-¢0l-

-3500
- 875
-4375
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1985 - 1995 CASH FLOW PV VILLAGE SYSTEM - 3.5 Kw

Financial Analysis

Down
Payment 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
Capital & Transport] 14250 12446 12446 12446 12446 12446 12446
Annual 0 & M 700 700 700 700 700 700 700 700 700 700
Battery Replacement? 963  84] 841 841 841
Salvage Value - Battery -4795 -3500
- Array - 875
Annual Cash Flow 14250 13146 13146 13146 13146 13146 9314 1541 1541 - 1541 1541 -4375
Net Present Cost
Inflation + 10% 70565
ECONOMIC ANALYSIS
Down é;
Payment 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 o
Capital & Transport 71250
Anrual 0 & M 700 700 700 700 700 700 700 700 700 700 700
Battery Replacement 4813
Salvage Value - Battery -4795 -3500
- Array - 875
Annual Cash Flow 71250 700 700 7G0 700 700 718 700 700 700 700 700 -4375
Net Present Cost
Inflation + 5% 74642
1) $71,250 capital cost, 20% down, n=S, i=3%
2) $4,813 battery cost, 20% down, n=S, i=3%



