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ABSTRACT

The objective of this assessment was to examine the economic
and technical feasibility of the involvement of the U.S. Agency
fol International Development in the promotion of various energy-
related technologies in rural Yemen. Secondarily, the study
examined the market potential for and financial, technical and
social constraints to widespread dissemination of these technologies.
Renewable energy technologies, such as photovoltaics, windmills,
solar water heaters and energy-efficient building design techniques,
as well as energy conservation procedures which can significantly
reduce energy costs of diesel power systems, were found to be very
promising for reducing energy costs and improving the quality of
life in rural areas. It is recommended that both private- and
public-sector involvement in energy-related decisions be encouraged
through the vehicle of an Energy Planning, Applications and
Training Project, funded through the USAID Mission in Sana'a.
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Currency Equivalents

Currency Unit

1 Yemeni Riyal (YR) = US$0.17

6.0 YR = US$1.00

1 YR = 100 fils

Conversion Factors
(1 toe = 10.2 million kcal)

Ton : TOE * Cubic Meters
LPG 1.06 1.24
ATF 1.01 1.35
Gasoline 1.03 1.15
"Gasoil 1.00

Kerosene 1.01

Fuel 0il 0.965

Fuelwood 0.44 (solid)

1 GWh 86 (output)

Agricultural Residues 0.28

*TOE = ton of oil equivalent



1.0 EXECUTIVE SUMMARY

Since 1973, disposable incomes in the Yemen Arab Republic
(YAR) have increased dramatically, due to the very high level
of remittances of Yemeni men who have gone to neighboring
OPEC countries for work. Energy consumption has kept pace
with this income phenomenon. In 1982, total consumption was
estimated to have been 2.32 million toe (tons of oil equivalent),
of which no less than 60 percent was domestic fuelwood. 0il
products, all imported, accounted for the remaining 40 percent,
having grown at an average annual rate of 22 percent in the
decade 1973-1983. 1In 1982, households in the YAR consumed
67 percent of the total available energy supply. Approximately
92 percent of individual household energy consumed was fuelwood,
the price of which is among the highest in the world. Rural
Yemenis (85 percent of the population) pay high market prices
for all forms of enerqgy. The high cost and increasing scarcity
of fuelwood is particularly hard on rural women, who have
to spend increasingly more time gathering fuelwood.

Although a large number of diesel-powered vehicles, tractors,
pumps and generators have been imported into the YAR in recent
years, their efficiency of use is low, due to the lack of
trained mechanics and the unfamiliarity on the part of the
owners with proper operation and maintenance procedures.
Consequently, the net energy costs of operating these diesel-
powered machines is high, giving rise to a situation where
renewable energy technologies (RETs) can be economically and
socially viable in certain rural applications. Among these
are photovoltaics (PV, or solar cells) for village lighting,
telecommunications, battery charging, shallow well pumping,
and vaccine refrigeration; windmills for shallow well pumping
for drinking water supply; solar hot water heating; and energy
conservation strategies. At present, there is little general
awareness of these technologies and their potential in rural
Yemen.

Despite the recent discovery of commercially exploitable
petroleum reserves, it is unlikely, given the YARG's current
financial situation, that domestic and commercial fuel prices

will decline in the foreseeable future. VYemen therefore offers
a very good prospect for RET applications, particularly in
rural areas. It is recommended that the U.S. Agency for Inter-

national Development (AID) consider funding a modest rural
energy project, the initial phase of which could be implemented
by the Peace Corps and AID's existing Rural Water Supply Project
(#0044). The Peace Corps director and the project manager

have both shown keen interest as well as a clear understanding
vof the proper application of RETs in the YAR context. Phase
One of the suggested project, beginning in FY86, would include
the installation and moritoring of several RET systems for
small village electrification, solar hot water heating, and
shallow well pumping, and instaliation of an anemometry network
for measuring windspeeds at likely water-pumping windmill
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installation sites in Yemen. This two-year phase would cost
an estimated $615,000 for hardware, installation and personnel.

Assuming the first phase of the project results in positive
field experience, a second phase should be considered for
implementation in FY88. 1In Phase Two, the installation of
several additional RET systems in rural areas for technical
training and demonstration purposes would be an adjunct to
a major long-term technical assistance effort to upgrade
technical skills related to energy use in rural Yemen. Part
of this technical assistance would include energy planning
advisers to the Yemen Arab Republic Government (YARG) Central
Planning Organization. The major thrust of the technical
assistance would, however, be directed at the private sector
for training technicians, mechanics and end-users both in
appropriate applications of RETs and in proper sizing, operation
and maintenance of diesel engines, generators and water pumps.
Phase Two would extend over four years at an estimated cost
of $6 million.



2.0 THE ECONOMIC SETTING

The Yemeni economy has exhibited remarkable growth in
the past decade. Until the 1962 revolution, the country was
one of the least developed in the world, having been deliberately
"shut off" from change and outside contact. The first decade
after the revolution was deminated by civil war and drought.
However, this period also witnessed the beginning of economic
development; the first roads and water supplies were built,
schools opened and young men were sent abroad to be trained.
Still, the country ranked among the poorest (in terms of per
capita income) in the world, for real progress did not occur
until the rise in world oil prices in 1973-74. This phenomenon
created a huge demand for unskilled workers in neighboring
countries, especially Saudi Arabia, and Yemeni men took full
advantage of this opportunity. There are now an estimated
one million Yemenis working abroad, about a third of all men
between the ages of 15 and 64, with the majority sending money
back home.

The impact of having such a large proportlon of the available
labor force as remittance workers in high-paying cash economies
"next door" is profound. First, there has been an enormous
injection of cash into the economy, which until 1972 was almost
entirely subsistence based. Second, there was a relatively
sudden change from a traditional subsistence economy characterized
by labor surplus, cash deficiency and poverty, to one of labor
shortage, cash surplus and skills deficiency. Third, this
remittance phenomenon has led to a great and positive income
redistribution effect, for it was the men from the poorest
families, 90 percent of all families, who went to Saudi Arabia
to escape local poverty. With remittance income being the
basic source of income and wealth, and 90 percent of the recipient
families being based in rural areas, it becomes evident that
the countryside is as prosperous as the towns. Furthermore,
the Yemen Arab Republic Government (YARG) does not discriminate
against agriculture through the imposition of quotas and low
producer prices, as happens elsewhere. In fact, the opposite
is the case. Local products can sometimes command two to three
times the price of similar imports. Finally, the heavy domestic
expenditure on gat als» increases rural liquidity.

In 1983, the official estimate for population was 8.5
million people, and for GNP, USS$5 billion (30 billion YR),
giving a per capita income of US$588 (3,588 YR). However,
in Yemen, statistics are less than completely accurate or compre-
hensive. The 8.5 million population statistic includes one
million migrant men, while the GNP figures only attempt to
cover the formal sector, which is perhaps half to two-thirds
0X total national economic activity. Thus the adjusted per
capita income is probably in the US$1,000-4,000 (6,000-8,400 YR)
range. Prevailing wage rates would support tliis figure. The
prevailing rural wage rate for men and women is about US$15-17
(90-102 YR) per day, in cash and cash equivalent taken in food.

3
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In the towns, unskilled male laborers take home US$18-20
(108-120 YR) per day. Skilled workers earn more; a stone mason
earns US$40 (240 YR) per day in the cities and up to US$60

(360 YR) in the country (rural construction is as buoyant as

in the towns), while a good mechanic can make at least USS$35
(210 YR) per day. The average taxi driver in Sana'a averages
US$25 (150 YR) per day at present. In 1972, few workers took
home over US$1 (6 YR) per day, and most of this would have

been in-kind payments, such as food.

The high level of local wages is influenced by the fact
that Yemenis have privileged access to Saudi Arabia. Unique
among other nationalities, Yemenis do not need a work permit
or a sponsor to enter Saudi Arabia; a valid passport is the
only official requirement. Thus all the former surplus Yemeni
laborers now earn high wages in Saudi Arabia, saving a high
proportion of this income for remittance to their home villages.
The resultant labor shortage has bid up local wages. The increased
local wages are paid for by the remittance flow. The combined
income effect has enabled the country to enjoy a high level
of consumption, particularly of imported goods. Total officially
recorded imports averaged US$1.8 billion (10.8 -billion YR)
for 1981-83, or 35-40 percent of GNP. In addition, there is
an estimated US$1-1.5 billion (6-9 billion YR) in unrecorded
imports coming from Saudi Arabia, either smuggled over a loosely
defined border or brought in by returning migrants, many of
whom spend Ramadan in their home villages.

Since 1983, the rate of growth has begun to level off, as
the neighboring OPEC economies have had to stabilize production
of oil because of reduced oil revenues. This has leveled off
remittarces, as well as external economic aid, which peaked
in 1982 at US$413 million (2.5 billion YR) and then dropped
to USS$148 million (888 million YR) in 1983. Furthermore, the
YARG has compounded this macroeconomic slow-down by pegging
the official exchange rate for the Yemeni Riyal nearly 10 percent
below the market rate. This means that banks cannot obtain
the necessary foreign exchange with which to finance importers.
This situation drives importers to the local unofficial exchange
(black) market--which trades exclusively in cash. However,
the YARG will not issue import licenses unless the importers
buy dollars from the banks. Imports brought into Hodeida,
the country's only large port, without an import license must
pay double customs duties. This situation has "crimped" the
import trade, which is the largest economic account in the
country, in addition to significantly reducing government revenue.

Until the YARG changes its exchange rate policy to more
realistically reflect market conditions, imports of commodities,
other than essentials, will remain difficult. Local alternatives
are not currently possible, given the indigenous production
capacity. The industrial sector development is still at a
nascent level, and totally dependent on imports. Even "floor
level" labor needs to be imported, since available Yemenis
are considered to be too unproductive or costly. Furthermore,
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by maintaining an unrealistic exchange rate, the YARG is both
discouraging remittarce income and encouraging capital flight.
This situation, together with greater shortages of imported
goods, should lead to an acceleration in the Riyal's depreciation
and further inflation.

Nevertheless, dispersible incomes in Yemen are much higher
than official data suggest, and that income is relatively well
distributed. 1In the energy context, people are already paying
very high prices, in cash as well as labor, for domestic fuel.
The burden falls particularly hard on rural women, who have
to spend many hours every day to collect fuelwood. This is
in addition to their existing heavy workload, because of the
migration of many able-bodied men to Saudi Arabia.



3.0 THE ENERGY SECTOR

3.1 Background and Resources

The Yemen Arab Republic (YAR), situated in the southwestern
corner of the Arabian peninsula, is a mountainous, arid country
covering 195,000 square kilometers. There are two main regions,
the Tihama coastal plain and the more extensive highlands.

The Tihama, covering 10 percent of the country (and accounting
for 15 percent of the population), is a narrow, humid semi-desert,
with oppressively hot summers and meager rainfall, from 80 mm
along the coast to 300 mm at the foothills. The region does

have potentially large groundwater reserves, recharged by higher
rainfall on the mountains to the east.

Most of the rest of the country is bare and mountainous.
The mountains rise sharply from the Tihama and extend to the
eastern escarpment, encompassing the plains of Sana'a and Dhamar,
and then descend into the Empty Quarter. While rainfall on
the western and southern facings of the mountains around Taiz
and Ibb reaches 1000 mm per year, in two seasons, it decreases
rapidly as one moves north and east. North from Ibb the average
annual rainfall drops sharply, being 300 mm in Sana'a and 200 mm
at the Saudi border. Eastward, rainfall drops even more sharply,
for it rarely rains in the eastern border area. The interior
of the country is marked by steep mountains, sharply eroded
narrow wadis and dry highland plains, all in the 2,000 to 3,000 m
altitude range. Much of the farming is carried out on terraces
cut into the mountainsides, in valleys and along wadi banks,
as well as on the arid plateaus. Human habitation is almost
entirely in clustered villages, many spectacularly sited on
mountaintops, to give the best defense during tribal conflicts,
which still occur with some frequency and modern firearms.

Eighty-five percent of the Yemenis live in these highlands,
under hard, arid conditions. At 2,000 to 3,000 m altitude
winters are cold, and the bare mountains and low rainfall do
not support any forest cover at all. Improved levels of living
require greater consumption of energy for land preparation,
irrigation, conveying water to mountaintop dwellings, transport,
space heating, cooking and lighting. However, energy supplies
are scarce in rural Yemen, and prices for domestic energy supplies
are among the highest in the world, since effective demand
has been boosted by remittance income.

Petroleum Resources

In July 1984, Hunt 0il discovered oil in the eastern border
region, near Marib. The first wildcat well was tested at 7,000
barrels per day, and the second well has confirmed a field
of commercial promise. Informed sources indicate that Yemen
could be exporting 50,000 bbl per day by the end of 1988. British
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Petroleum is also prospecting in the Tihama, and will decide
whether to drill or not by early 1985.

The o0il discovery has had a profound impact on the country,
where the low level of commodity exports, only USS$20 million
(120 million YR) in 1983, is seen as a major problem. The YARG
interest in other energy activities has declined correspondingly.
A credit signed with the World Bank for exploratory development
of the highly promising Dhamar geothermal deposits has not
been taken up, and former official interest in renawable energy
has cooled.

This absorption with 0il is understandable. Yemenis by
the hundreds of thousands have visited the neighboring OPEC
countries and don't see why the cornucopia of their neighbors'
oil fields will not be equally abundant in their own country.
However, in the near term, the Marib field's impact on the
rural energy scenario will be slight, since the necessary infra-
structure is lacking. The most that can be expected would
be the elimination of imported supplies of LPG. The country
will likely export the crude and continue importing refined
products for some time. Given the YARG's financial position,
it is highly unlikely that fuel prices will be reduced signifi-
cantly from their present levels. Assuming a net return to
the YARG of USS$10 (60 YR) per barrel, the total annual income
from 50,000 barrels per day in exports would be USS$183 million
(1.1 billion YR), about 40 percent of the YARG's 1982 aid receipts.

3.2 The World Bank Energy Sector Report*

In May/June 1983, a World Bank mission visited the YAR
to carry out a national energy assessment exercise. The salient
features of this report, pertaining to rural needs, are given
below.

Energy Consumption

Total energy consumption in 1982 was estimated at 2.32 toe,
of which 42 percent was imported petroleum products and 58
percent noncommercial energy, mostly fuelwood. Per capita
consumption of total energy was 322 kgoe per year, and of commercial
enerqgy, 134 kgoe, which is relatively low for lower middle-income
countries (which averaged 317 kgoe per year). Fuelwood accounted
for 60 percent of total energy consumption in 1982, down from
70 percent in 1977. Greater availability of kerosene and LPG
reduced per capita consumption of fuelwood in 1977-82 from
1.0 to 0.70 cubic meters.

*Yemen Arab Republic: Issues and Options in the Energy Sector.
Report No. 4892-YAR. February 1984. The exchange rate used
in this report is US$1=4.5 YR. The official rate in November
1984 was USS$1=6.0 YR.
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Total (official and unofficial) imports of petroleum products*
increased from 160,000 toe in 1973 to 968,000 toe in 1982,
reflecting a growth rate of 22 percent per annum overall, while
imports of gasoline grew 25 percent per annum from 40,000 to
385,000 toe; gasoil (40 percent used for public and private
power generation) 18 percent per annum, from 80,000 toe to
440,000 toe; and kerosene 10 percent per annum from 29,000
to 70,000 toe. Large-scale imports of LPG began with 6,000 toe
only in 1980; by 1982 LPG imports were 28,600 toe.

Household/Commercial Consumption

Households accounted for 67 percent or 1.47 miilion toe
per year of total final energy consumption, with 92 percent
of this coming from fuelwood and residues, five percent kerosene,
two percent LPG and one percent electricity. Total fuelwood
consumption was estimated at five million cubic meters, or
three million tons, in 1982, with per capita dried wood consumption
being 0.5 cubic meters (300 kg) in urban areas (seven percent
of population) and 0.75 cubic meters (450 kg) in rural areas.
Household consumption of kerosene and LPG is increasing, while
electricity consumption by households and commercial establishments
totaled an estimated 359 GWh, of which two-thirds was produced
by private generators, which consumed 75,000 tons of gasoil
for this purpose.

Household expenditure on energy is estimated at five percent
according to a 1981 household expenditure survey, and 20 percent
according to a household energy survey in the Ibb and Taiz
provinces in 1982. Fuelwood is still the largest single expenditure,
accounting for 50 percent of household energy expenditures,
and even more if female family labor used in collection is
costed.

The report projected fuelwood consumption would reach
8.5 million cubic meters by the year 2000, assuming that per
capita consumption remained at 0.7 cubic meters annually. By
that time, theoretically, fuelwood supplies would have disappeared.
This scenario then forecasts a rapidly escalating price of
fuelwood, resulting in greater reliance on kerosene and LPG.
Table 1 gives the World Bank's analyses of future household
fuel requirements.

*Unofficial imports, primarily of gasoline, from Saudi Arabia
started flceding the market in 1980 (230,000 tons) and efforts
to curb them in 1981 (100,000 tons) could not be sustained,
due to internal conditions in the YAR. Current estimates
of unofficial imports range from 200,000 to 250,000 tons.



Table 1

Analysis of Housenold Cooking and Baking Fuel Needs

1973 1982 1991
Population (in millions) 4.3 7.2 - 9,3*
Fuel Consumption ('000 toe) (%) ('000 toe) (%) ('000 toe) (%)
Fuelwood 1,138 98 1,335%* 92 647 63
Residues - - 15** 1 163 16
LPG - - 28.6 2 42 4
Kerosene 29 2 67 5 180 17
TOTAL 1,167 100 1,445 100 1,032 100
Per capita consumption (toe) 0.27 0.201 0.132
Useful Energy Consumption
Fuelwood (efficiency 10%) 144 88 132 73 ' 65 33
Residues (efficiency 10%) - - 2 1 16 8
LPG (efficiency 60%) - - 14 8 25 13
Kerosene (efficiency 50%) 15 12 34 18 90 46
TOTAL 159 100 182 100 196 100
Per capita consumption (toe) 0.037 0.025 0.025

* Of which 1.5 million are estimated to be employed abroad.
** Puelwood and residues consumption, shown as one item in the 1982 Energy
Balance, is shown separately here.

SOURCE: World Bank Energy Sector Report, "Yemen Arab Republic: Issues and
Options in the Energy Sector," Report No. 4892-YAR. February 1984.
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Agriculture

Yemeni agriculture requires commercial energy for pump
and tractor operation. Pump irrigation affected about 125,000
hectares in 1982, and used 30,000 tons of gasoil and 11,000
tons of gasoline. There are 20,000 tractors, which were used
for land preparation by 40 percent of the holdings, and these
consumed 55,000 tons of gasoil. The report forecasts fuel
consumption to grow 10 percent per annum for pumping and seven
percent per annum for tractors up to 1991.

Electricity

Household electricity consumption is difficult to estimate
because of the proliferation of small generators in most rural
homes and communities. The total capacity of these "autoproducers,
mostly units of five to 10 kVa capacities, would amount tc
300 MW, generating 242 GWh in 1982. In addition, the installed
capacity in industries is estimated to be 73 MW. The Yemen General
Electricity Corporation (YGEC) had generating capacity of 121 MW
in 1982, and sold 204 GWh of power, 57 percent to household
(mostly urban) and commercial customers.

Private autoproducers have incrr:ased capacity to 300 MW
from 10 to 30 MW in 1975, while YGEC's generating capacity
has grown by 35 percent per annum in the same period. Since
56 percent of Yemeni households have access to electricity,
it appears that the growth of autogeneration capacity is likely
to decline by 1986, while YGEC's output is expected to grow
at a reduced rate, from 15.2 percent per annum in 1987 to 9.4
percent per annum in 1991.

The overall outlook for energy consumption was for a slower
growth rate than experienced in the 1970s. 0il consumption,
which grew by more than 20 percent per annum in the second
half of the seventies, is projected to grow by eight or nine
percent per annum for the near future. This is because GDP
is forecast to grow at cnly four percent per annum, compared
with six percent per annum from 1973 to 1982.

Pricing, Costs and Efficiency of Energy Use

With the exception of LPG, petroleum products are priced
on a cost-plus basis to yield a profit to Yemen 0il and Mineral
Resources Corporation (YOMINCO) and tax revenue to the YARG.
Table 2 gives the cost structure as of May 1983.

Electricity tariffs charged by the YGEC in 1982 per kWh
were 1.1 YR for 'urban consumers and 1.5 YR for rural areas.
The 1982 average retail price was 40 percent above the YGEC's
economic cost of supply, while rural customers are paying close
to the economic cost of grid supply. The gap between tariff
levels needed to satisfy financial requirements and the economic
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Table 2

Costs and Prices of Petroleum Products, May 1983

(YR/liter)
LPG (YR/ton)
Aviation Fuel Import in Import in
Cost Item Gasoline Fuel 0il Gasoll Kerosene Bottles Small Ship:
cif import cost 1.01 1.14 0.78 1.08 1.14 2,160* 2,160*
Overheads 0.11 0.13 0.09 0.12 0.13 216 216
Bottling - - - - - - 250
Local transport 0.15 0.17 0.12 0.16 0.17 540** 540%*
Total econ. cost
--urban 1.27 1.44 0.99 1.36 1.44 2,916 3,166
--rural 1.27 1.44 0.99 1.35 1.44 3,900-4,900 4,100-5,100
Dom. sales price***
--urban 2.60 2.29 1.50 1.50 2.06 2,640 2,640
~=-rural 1.60-2.60 - - 1.50-2.00 2.06 2,640-4,400 2,640-4,400

*ApproxXimately same cif cost assumed because of small bulk quantities.
**Average for distribution to urban centers. Rural distribution adds about
1,000-2,000 YR per ton.
***TIncludes import duties, excise and other taxes on all products except LPG.

SOURCE: World Bank Energy Sector Report, "Yemen Arab Republic: Issues and
Options in the Energy Sector," Report No. 4892-YAR. February 1984.
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cost of supply should gradually narrow as the system approaches
equilibrium between supply and demand. The large difference
between tariffs, based on accounting costs, and economic costs
results from temporary excess capacity in generation.

Due to the extreme and growing scarcity of fuelwood, prices
have risen tremendously over the past decade. The price of
fuelwood in the YAR is 10 times that in the Sahelian countries
of West Africa, i.e., US$0.45-0.55/kg (2.5-3.3 YR) compared
to US$0.05/kg (0.30 YR). The price varies between 2.5 YR and
5 YR per kg, and the estimated economic cost of collection
alone, at a labor rate of 100 YR per day, is 2-2.5 YR per kg.

Table 3 compares the economic costs of alternative household

fuels. At 1582 levels, which hold for 1984, kerosene is by
far the cheapest fuel, followed by LPG.

Efficiency

Irrigation pumpsets are not used efficiently. Farmers'
pumps are oversized and water use is excessive for crop
requirements. Tractors are also oversized, and underutilized.
They are not used economically in competition with animal power
and are often acquired as status symbols.

In electrical generation, the utilization of capital equip-
ment is low, with capacity factors ranging from only 11 percent
among households and commercial autoproducers, to 18 percent
among industrial autoproducers, and 28 percent for the YGEC.

As regards fuelwood, the single most important use is for baking
bread. For this purpose, a traditional stove, or tannur,

with an open top is used, which wastes 90 percent of the enerqgy
consumed.

The World Bank's findings of May 1983 are still pertinent
in late 1984. Despite the depreciation of the Yemeni Riyal
and continued inflation, the prices have increased for fuelwood
and charcoal only; electricity and petroleum products are controlled
by the government, which had not changed retail prices. 1In
fact, new bulk buyers of electricity face reduced tariffs,
down to 0.9 YR per kWh, as the YGEC attempts to increase sales.
The market price of fuelwood in Sana'a had risen by 20 percent
between May 1983 and November 1984, from 800-900 YR to 1,000~
2,000 YR per pick-up (Hilux 1 ton) load, i.e., 0.8-0.9 YR to
1.0-1.2 YR per kg. This is very different from the 2-5 YR
per kg quoted by the World Bank. Charcoal prices had gone
from 4-5 YR per kg to 6-8 YR per kg.



Table 3

Retail Prices and Economic Costs of Alternative Household Cooking Fuels per Yseful kWh
Sana'a, May 1983

Average Economic Economic Average** Price per
Retail Price Price Energy Value Gross Price/Gross Efficiency Useful kWh
Fuel (YR/XQg) (YR/kg) (Kcal/kgqg) kWh/kg* kWh (YR) (percent) (YR)
Fuelwood 2.5 2. 5%%x% 4,250 4.94 0.50 10 5.00
5.0 S5.0%*x* 4,250 4.94 1.01 10 10.10
Charcoal 4.0 4.0 6,900 8.02 0.50 20 10.00
Kerosene 2.58 1.8%**x* 10,360 11.98 0.15 50 0.30
LPG
~--urban
(30 YR/11.4 kqg) 2.6 3.0%*x%* 10,710 12.45 0.24 60 0.40
--rural
(50 YR/11.4 kq) 4.4 4. 4***% 10,710 12.45 0.35 60 0.58
Electricity (YR/kWh)
--urban 1.1 0.83 70 1.19
--rural 1.5 1.44 70 2.06

*Thermal kWh.
**Sources: Rada'a Urban Development Project, DHV Consulting Engineers, April 1983; and Test Results on
Kerosene and other Stoves, World Bank, September 1983.
***Market price has been retained as indicative of the economic price (para).
**x**Table 2 (average for LPG).

SOURCE: World Bank Energy Sector Report, "Yemen Arab Republic: Issues and Options in the Energy Sector,"
Report No. 4892-YAR. February 1984.
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4.0 METHODOLOGY FOR MATCHING ENERGY NEEDS AND TECHNOLOGIES

The previous sections have presented an overview of
economic and energy-related constraints on development in the
YAR. Among developing countries, the YAR is one of the fortunate
few to have a relative parity of rural/urban income distribution,
as well as high liquidity. Rapid development is still inhibited
by a lack of skilled manpower to support the technological
needs of development, as well as a paucity of natural resources
(with the notable exceptions of petroleum and natural gas).
PRapidly growing rural energy demands will be met with whatever
technologies and resources are most readily available. To
avoid excessive imporis of fossil fuels, rural energy demands
should be carefully ascertained and examined to determine which
of them can be met with indigenous and renewable .energy resources.
A needs-driven rather than technology-driven approach to development
is crucial to successful accomplishment of this task.

4.1 Needs-Driven Technology Selection Process

It is not unusual in development projects for the choice
of new energy-producing technologies to be based on preconceived
notions of which technologies ought to be introduced to an
area. These decisions are based at a minimum, one would hope,
on engineering feasibility studies, common in both private-
and public-sector development projects. Typically, however,
comprehensive economic and social analyses are not well integrated
with technical feasibility studies. Such a decision-making
process isg, thus, technology driven. Project planners decide
a priori which of a given set of technologies are to be disseminated
in a project, then set about finding what end-uses these tech-
nologies can conceivably satisfy. This approach can, and frequently
has, resulted in projects which fit the needs of the project
planners, but not the needs of the end-users for whom the energy-
producing technologies have been provided.

An alternative needs-driven approach is to first carefully
identify what energy end-use needs must be met in the target
area. This identification should be made both in interviews
with end-users, and in consultation with interested public-
and private-sector groups. Only after this needs identification
process is completed can a set of selection criteria be applied
to the range of competing technologies to decide which of them
best satisfy end-user demands. Criteria used to make these
decisions must include technical feasibility, long-term reliability,
site-specific requirements, costs, and consideration of social
acceptance problems inherent in the introduction of any new
technology. 1If this process is carefully conceived and applied,
this needs-driven approach has several advantages. The tech-
nologies chosen will be more widely accepted by end-users.
Maintenance and necessary upkeep procedures will more likely
be performed, resulting in longer equipment lifetimes and
consequently lower life-cycle costs. Finally, it will more

14
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likely result in a project which meets the real energy needs
of the people it was intended to benefit.

4.2 Matching Energy Needs with Appropriate Technologies

In order to successfully address the energy needs of a
particular area or country, a number of issues must be carefully
examined. First, the stated development goals and objectives
must be considered. For example, if one rural energy need
is a reliable supply of electricity, then planned future extension
of the national electrical grid to the area in question must
be examined before local generating capacity is considered.

Second, identification of the energy needs of the target
population must be made. Residents must be consulted to ensure
that external biases do not dictate either the identification
or prioritization of local energy needs. If the available
funding or other resources are insufficient to provide for
all energy needs of a village, then the needs must be prioritized
based on interviews with the end-users, private-sector groups
providing equipment sales and service, and appropriate government
authorities dealing with local and national energy policies
and their implementation. The most critical needs can then
be met with what funding and other resources are available.
Resource shortfalls might be met through solicitation from
both the private and public sectors.

Third, a preliminary screening of the range of technologies
must take place. Given the energy end-use requirements of
the village, several candidate technologies can be initially
chosen, based on technical feasibility criteria. These technologies
are, at a minimum, able to supply either directly or through
reasonable energy transformations (such as electricity to shaft
power), energy in the form that is required. A set of discrimi-
nation criteria is used to determine which choices are most
appropriate. These criteria include the type of energy output
required (heat, electricity, shaft power, etc.), the spatial
distribution required (e.g., whether the output is required
in every house in the village, or just one central location),
and the nature of the energy resource at the site (e.g., sufficient
wind or solar radiation if windmills or photovoltaics are being
considered) .

Finally, the technologies selected in the previous step
must be examined carefully from technical, social and economic
perspectives. This final stage of the selection process must
take into account (but not necessarily be limited to) the following:

e detailed assessment of the renewable energy resource
base, including its energy density (available intensity),
reliability and variability of supply;

e detailed assessment of the frequency, amplitude and
variability of the demand profile;
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e level of locally available technical skills necessary
for operation and maintenance of the equipment;

e availability of financing through either the public
or private sector; and

® social, cultural or economic constraints which could
restrict widespread adoption of the proposed technology.

4.3 Energy Needs in Rural Areas

The basic energy end-uses of rural people can be grouped
under three principal activities: food preparation, health
maintenance, and agricultural/industrial production. Food
preparation involves three uses of energy, for cooking, drying
and processing. Health maintenance includes the provision
of potable water, space heating and/or cooling, lighting and
refrigeration. Under agricultural/industrial production, some
of the end-uses are irrigation, and shaft power, electricity
and heat for the production of necessary durable goods and
storage, transportation and processing of food. This list,
although not exhaustive, certainly includes the vast majority
of energy end-uses necessary for maintaining a minimal living
standard. Energy needs are very site and situation specific,
and must be analyzed as such.

There are a number of commonly used renewable energy tech-
nologies (RETs) which have a variety of energy outputs. These
range from low-quality outputs such as low-temperature heat,
to medium-quality outputs such as shaft power, to high-quality
outputs such as electricity. The list given below includes
the range of "proven" RETs which are being and have been used
with some degree of success throughout the world. Their primary
energy output is also given. These primary outputs are, of
course, transformable to other types of energy, with widely
varying degrees of efficiency. For instance, concentrating
solar collectors can produce steam which can drive a turbine
generator to produce electricity.

Available Energy Technology : Type of Energy Produced
Flat-plate solar collector : heat (hot liquid or air)
Concentrating solar collector : heat (not liquid or steam)
Biogas generatcr : combustible gas
Wind energy system : electricity, shaft power
Small-scale hydroelectric or

hydrokinetic generator : electricity, shaft power
Photovoltaic cells : electricity

Direct biomass combustion : heat or producer gas
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As energy end-uses are determined by discussion with the
users, technologies become candidates for selection based on
the applicability of these outputs to the local energy necds.



5.0 APPROPRIATE TECHNOLOGY APPLICATIONS IN YEMEN

Based on the ARD assessment team's observations after

extensive interviews with YARG officials, U.S. Agency for Inter-
- national Development (AID) officials, development agencies
working in Yemen, visits to rural areas, and a review of the
available literature (see Appendix B), the following rural
energy end-uses (prioritized from most to least pressing) were
determined to be of most concern in rural areas:

water lifting (for both drinking water and irrigation;
cooking;

domestic lighting;

space heating;

transportation and tractors/agricultural equipment;

communications (radios, radiotelephones, televisions,
VCRs); and

e health-related uses (vaccine refrigeration, instrument
sterilization).

Most of these energy end-uses can be met with a variety
of energy-producing technologies. Water supply technologies
include, diesel~driven, photovoltaic, biomass, gasifier, and
wind pumps. Cooking needs can be met with firewood, charcoal,
butagas and electricity. Electricity can be generated on a
small scale by diesel generators, wind turbine generators,
photovoltaics, concentrating solar thermal steam generators,
micro-hydro plants, or biogas-driven modified diesel engines.
Although some biogas-driven vehicles do exist, they are prin-
cipally experimental. Fossil fuels will likely dominate the
transport sector for the foreseeable future.

The following section discusses the uses of appropriate
and renewable energy technologies in Yemen to date. The next
section (5.2) discusses other possible uses to which these
and other RETs can be put, as well as site and technical limitations
on their wuse which must be taken into account.

5.1 RET Experience in the YAR

Rural energy needs can be met in a variety of ways, all
of which have different costs to the consumer, to the economy,
and to the environment. As much as possible, it is desirable
to meet these needs with energy resources that are: indigenous,
to reduce expenditures of scarce foreign exchange; low-cost,
so that the poor are able to have at least their survival needs
met; and renewable, so that the resource is not exploited to
the point of exhaustion.

18
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Renewable energy technologies attempt to address all of these
issues. Their energy resource is by definition both indigenous
and renewable (e.g., solar radiation, wind, biomass, etc.),
but they frequently require high initial capital expenditure
to reduce long-term recurrent fuel costs. Often the energy
conversion devices (photovoltaic or solar cells, windmills,
biogas engines) are not locally available and must be imported,
thus increasing cost to the consumer and using up foreign exchange.
Careful matching of a technology to the given energy end-use
is necessary to reduce the social, economic and environmental
impacts of rapid growth rates in technological development.

There are, at present, many applications of RETs in the
YAR. These range fror relatively simple technologies, such as
energy-efficient housing design and solar water heaters, to
very sophisticated photovoltaic electric generators.

RETs have met with varving degrees of success in their
penetration bf the existing markets. Some are of doubtful
applicability due to either expense or lack of technical skills
necessary for operation and maintenance. Others hold great
promise. The current uses of each are listed in some detail
in the following sections, along with problems experienced
thus far which tend to inhibit their widespread acceptance
in the YAR.

5.1.1 Solar Domestic Hot Water (SDHW) Heating

There is currently one importer of solar water heaters
in the YAR, the Elaghil Group of Companies. In 1982, 600 Calpak
BP Mark 2 units were imported from BP's manufacturing subsidiary
in Greece. There are three models: two square meters of collector
with a 120-liter tank, intended to meet the needs of five people;
three square meters with 160 liters of storage, for seven people;
and four square meters with 160 liters of storage, for 10 people.
Retail costs are currently 5,500, 7,000, and 8,000 YR respectively.
There is an additional installation charge of approximately
500 YR. These costs compare favorably with similar-sized systems
in the United States.

Thus far, 200 of these units have been sold, principally
to consumers living in Sana'a who have access to the national
electrical grid. Given the relatively high costs of grid electricity
(US$0.25/kWh) or autogenerated electricity (US$0.50/kWh), this
is considerably less market response than might be expected.
Elaghil's representatives suggested that a lack of awareness
on the part of prospective consumers was responsible. Since
so few of these units are in use in Yemen, awareness of their
potential, or even existence, outside very restricted circles
is unlikely. Consumer resistance to the initial high capital
cost of the system is certainly another contributing factor.

in addition to consumer awareness, another problem with
solar water heaters is the very low water pressure to the collector.
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Normally, water must be pumped up from ground level to a storage
tank on the roof of the building. Since there can be a signifi~-
cant pressure drop through the collector, the water supply

tank for the collector must be elevated in a support structure
above the level of the collectors, which can increase installation
costs by as much as 1,500 YR for the mounting structure. Depending
on the building design (such as having one section of the roof

a meter or two higher than the section where the solar collectors
are mounted, thereby providing the necessary storage tank
elevation), this additional cost can sometimes be eliminated.

It is obviously more desirable, both from the perspectives

of cost and ease of installation, to install SDHW systems con-
current with the building construction. This is obviously

not possible with retrofit installations.

The marketing strategy focuses on both the reliability
and the life-cycle costs of solar hot water heating compared
to the grid electric alternative. For instance, a typical
consumer pays 250 YR/month for water heating with grid power.
The simple payback period for the intermediate-sized solar
system is then 2.5 years. Explaining such considerations to
consumers met with limited favorable response. Consumers
are hesitant to accept the relatively high initial capital
investment required, preferring instead to pay the high monthly
payments to the utility. When lease/purchase financing was
suggested, the response was that local consumers are not in
the habit of installment purchasing, and distributors risk
difficulties with non-payment of loans, based on experience
with other installment-purchased products.

The metal workshop of Abdul Rahman-Abdul Wali manufectures
solar water heaters on a small scale. These are relatively
inexpensive (4,000 YR including installation, compared to the
imported 7,500 YR systems) systems which have not gained widespread
popularity. Fewer than 50 of the 2.9-square-meter systems
with 220-liter storage tanks have been sold. The collectors
have no absorber plates per se, rather a set of black galvanized
pipes soldered in parallel above a black-painted insulated
surface, inside a glazed box. The efficiency of these machines
is not very high. The manufacturer is also experimenting with
other designs. Batch heaters (black-painted water tanks mounted
in insulated glazed boxes) were suggested as a possible alternative,
but the response was that consumers have a set idea of what
an SDHW heater should look like and are unlikely to buy unfamiliar
designs. This is unlikely, given that the lack of awareness
of SDHW technology on the part of potential consumers is considered
a major impediment to increased sales.

Al Raby, a light manufacturer located in Sana'a, has been
conducting negotiations with a Cypriot firm to assemble solar
hot water heaters in Sana'a. The parts would be imported (con-
ceivably reducing import duties from 30 percent to 10 percent
on parts, as opposed to assembled items) from Cyprus and assembled
by local labor in Sana'a. This arrangement would reduce costs
to the consumer as well as provide increased local employment.
The current plan is to begin assembly in late 1985.
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5.1.2 Photovoltaics (PV)

The most extensive use of photovoltaic cells in the YAR
has been in the field of telecommunications. This is almost
always the first market penetration application since PV/battery-
powered systems far surpass other technologies in both reliability
and cost-effectiveness at normally remote telecommunications
sites. Currently, there are 180 PV modules being used throughout
the country to power microwave repeaters and other telecommunications
stations. There are another 100 modules on order, and a US$100,000
tender (approximately 1,000 modules) is forthcoming. The Ministry
of Telecommunications also powers its computer network ac its
technician training facility in Sana'a with a 96-panel PV array,
in order to avoid the problems associated with voltage and
frequency fluctuations in the grid power supply. All of these
panels are from ARCO Solar, the largest U.S. PV manufacturer.

There are three PV-driven pumping systems operating in the
YAR. The first was installed by the UN Food and Agriculture
Organization (FAO) at the Central Agricultural Research Station
in Taiz. The US$20,000 system, like the other two PV pumps,
was installed by TRI-Solar, a U.S. PV systems firm, and uses
ARCO Solar modules. A vertical turbine is used to pump water
from a small gravity-fed cistern to a roof-mounted storage
tank. The 36-panel array currently has two damaged panels
(presumably from rocks thrown by children). The system has
not been fully functional because the float valve in the roof
tank (replaceable for about 60 YR) and a manual override switch
(not necessary under normal system operation), are not working.
These otherwise trivial problems have eroded confidence in
the reliability of the system in the eyes of those at the Center.

There are two AID-financed PV pumps installed in the Tihama
plain north of Hodeida near the Red Sea. One was installed
in May 1984 by an AID contractor, Chemonics Corporation. The
other was installed in July as part of a Peace Corps-sponsored
seminar on PV pumping by the Home Energy Workshop. U.S.-made
Grundfos electric submersible pumps driven through a DC (direct
current is the PV output) to AC (alternating current, required
by the pump) inverter are used in both systems. To date, the
systems have performed well within design expectations. The
Grundfos pumps and ARCO modules were procured by their YAR
distributor in Hodeida, Bahaj Company.

The World Health Organization (WHO), through its Expanded Program
for Immunization (EPI), has supplied a DC-powered refrigerator
and a freezer unit to a clinic in Hodeida. These two units

are driven by six French PV modules. The freezer unit had

been turned down to its maximum cooling capacity, a much colder
temperature than necessary for medicine storage purposes (-25°C).
This results in an unnecessarily high power consumption by

the freezer--so much so that the power from the PV modules

is insufficient to run both the refrigerator and the freezer.
Instead of setting the freezer thermostat to a reasonable setting,
the refrigerator was unplugged. Because of this lack of understandinc
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of how to operate the system, the users now feel that the systems
are unreliable. This lack of proper training in the operation

of the system surfaced as the cause of many of the problems
encountered by RET users.

There is a 1.6-MW PV array, formerly owned by the Confederation
of Yemen Development Associations (CYDA), which is now on the
roof of the Faculty of Science Building at the University of
Sana'a. It is being used as an instructional tool as well
as being monitored for performance with different loads. The
Faculty of Science's computer system is powered by the array.
This is also one of the sites where solar radiation data are
being measured by the Civil Aviation and Meteorological Authority
(CAMD) .

The remaining PV systems in operation in Yemen are small-scale
residential lighting and appliance units. Fifty of these systems
have been sold by the Yemen Trade and Development Corporation.
Nearly all of them are being used by people living in Sana'a
who have a connection to the national electrical grid. The
PV systems were purchased as backup power to counter the frequent
grid electric power outages.

5.1.3 Wind Energy Conversion 3ystems (WECS)

There were about five windmiils installed in the YAR in
the 1970s, all reciprocating-piston high-solidity water pumps,
similar to the American farm windmill used extensively in the
Southwest. None of them is currently operational. Two of
the windmills were installed by the United Nations Development
Programme (UNDP) project near Ibb and Taiz, in cooperation
with the Ministry of Agriculture. Several other defunct windmills
are scattered about the country. The reasons for the breakdown
ot these machines are unclear, but the experience tends to
confirm what has been found in other areas. When windmills
have been brought into developing countries, without emphasizing
and providing suitable training for local technicians, the
results have been disappointing. Due to the unavailability
of spare parts or trained mechanics to operate and maintain
the machines, the machines are seldom given even minimal main-
tenance and sooner or later fall into disrepair.

The Dutch consulting firm DHV is planning to install several
water-pumping windmills on the Tihama plain over the next year
or two as a component of the Tihama Water Resources Project.
This project is under the auspices of the Tihama Development
Authority. Final decisions on windmill installation are contingent
upon the results of a small anemometry program which is recording
windspeed data in the Wadi Dahr region. The static water levels
in this area are frequently as shallow as five or six meters,
and present estimates of windspeed in the area (based on
preliminary data) are quite high (over five meters per second
during the day). Wadi Dahr therefore seems like an ideal windmill
site. There are frequent sandstorms, which normally can cause
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substantial damage to windmills, but the sand seldom reaches
higher than two metérs above the ground level.

5.1.4 Firewood Use

The World Bank estimates that fuelwood ~ccounts for 58
percent of total naticnal energy consumption, and in rural
areas it approaches 90 percent. The Bank's estimate that annual
consumption in 1982 was at five million cubic meters, or three
milion tons of dried wood, is four times the annual increment
of the YAR's forest cover. At this rate, all tne tree cover
will disappear before the end of the century, implying a sharply
escalating future price prospect. Firewood prices
have increased from 0.8 YR/kg to over 1 YR/Kg.

Given the climate, land holding and general lack of awareness
of the long-term effects of the decreasing forest cover, the
prospects for increasing afforastation are poor. The World
Bank is preparing a project that is entirely devoted to building
up the Ministry of Agriculture and Forestry's General Directorate
of Forestry, which currently consists of one agricultural engineer
recently graduated from a Russian university. It is generally
considered that any institution-building project within the
public sector requires decades to show an impact. The only
alternative to increasing local fuelwood production is to encourage
private-sector nurseries to grow appropriate seedlings for
sale to the public. Apparently, according to a survey on household
energy and tree seedling demand, people are very anxious to
purchase such seedlings for their properties, and it is reported
that seedlings purchased for i1 YR from the British project
in Dhamar are resold for up to 20 YR each. Results will be
slow, so supplies should be supplemented by imports of charcoal,
which can be landed -in Hodeida for around US$200 cif per ton.

Such prices for seedlings, combined with the extraordinarily
high local price of firewood, is still insufficient to support
rural enterprises growing fuelwood for the market, as happens
in Java. The returns from growing other crops are still higher,
for Yemeni demand has a high local preference, where many locally
grown foodstuffs sell for two to three times as much as available
competitive imports. For example, the local staple, sorghum,
retails for over US$1,000 per ton. The most profitable crop
in Yemen, if not the world, is gat, a tree crop where the returns
per hectare per year from mature, rainfed plots are over 100,000 YR.
Under such circumstances, tree farming is just not economical.

In the future, people may plant trees or shrubs, but primarily

to protect their terraces, and secondarily for fodder and wood.
However, there is a good deal of ongoing research which attempts
to find combinations of fuelwood trees which, when interplanted
with agricultural crops, have a beneficial effect both in terms
of fuelwood production and in helping to increase crop production
(by nitrogen fixation, for example).
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The private sector is just beginning to enter the nursery
business, with the basic intention of selling flowers and fruit
trees. The proposed World Bank project will assist any nursery
interested in growing other tree-planting material. It is
hoped that attention will be given to trees and shrubs that
have multiple uses, i.e., produce food, fodder, shade, flowers
and nitrogen as well as wood for poles, charcoal and fuel.
Currently, YARG nurseries favor eucalyptus varieties whicn,
although more drought-tolerant than acacias and other leguminous
species, are only good for fuel; not only are their leaves
inedible to goats, but they also "pcison" the soil with their
high alkaloid content.*

The upcoming World Bank project will likely absorb much
of the capacity of the Ministry of Agriculture. Other donor
projects, especially those involved in integrated rural development,
are also including nurseries in their future plans, and there
is little point in involving AID in any public-sector activity
aimed at increasing fuelwood production. With regard to fuel
conservation, the main use of firewood is for bread baking
in the traditional tannur stove, which is an oven with an opening
at the top. When baking, the flat dough is stuck to the upper
inside shell. The efficiency of this stove is only 10 percent,
and experience elsewhere seems to suggest that design improvements
would generate minor increases in efficiency, at most.

From the user's perspective, besides the very limited
opportunities for increasing fuelwood production and improving
the tannur efficiency, there is one other major deterrent to
firewood cooking: the great expense of fuel even if its cost
rises no further (highly unlikely). The World Bank report
estimated the cost per useful kWh (3,142 BTUs) at 5 YR for
fuelwood against only 0.30 YR for kerosene and 0.58 YR for
LPG. Most people do not rely on purchased fuelwood; rather,
women and especially young girls forage for most family fuel
supplies, but this is also expensive. The World Bank report
estimated that it takes an average of four to five hours to
collect 25 kilograms, with the opportunity cost at 100 YR per
day, giving a cost of self-collection at 2.5 YR per kg. All
told, women want to get away from fuelwood collection and tannur
cooking. Despite the men's preference for traditionally baked
bread, the women are eager to purchase the LPG stoves, if they
are made available locally, as they are in Jordan and Syria.

This indicates that an appropriate solution to the fuelwood
situation may be to accelerate the LPG usage in the country.

*For recommendations, species and ideas on encouraging tree
production in the YAR, see Fred R. Weber's trip report of

June 5, 1984, "Forestry Sector Programming Issues, Constraints,
Potential," U.S. Dept. of Agriculture OICD/TAD Worldwide Programs.
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In early 1985, YOMINCO's new butagas plant will be operational,
stepping up daily capacity from 6,000 to 24,000 bottles, each
containing 12 kilograms of LPG. These bottles sell for 30 YR
(resold by traders in the country for 40 to 45 YR), and YOMINCO
basically breaks even. At full capacity, butagas consumption
would be equal to 95,000 toe, against present fuelwood usage

of 1,300,000 toe, so there is considerable room for expansion.
YOMINCO is devoting much of its efforts to petroleum development
and does not give its butagas business priority in terms of
allocation of funds and very scarce management resources needed
to meet the rural demand. An appropriate solution would be

to spin off the LPG distribution to private enterprise, or
possibly relinquish YOMINCO's monopoly, thereby allowing the
private sector to compete, operating under reasonable margins
without any form of subsidy. It is difficult to justify any
subsidy on butagas, since at 45 YR per bottle it is more economical
than fuelwood, and there is a large, unsatisfied demand for it.

Animal and crop residues are also expensive, selling for
about 70 percent of the fuelwood price, although 80 to 90 percent
of the total quantity consumed is collected and used directly.
Only four percent of rural energy demand is attributed to dung
and residues, and this would be best replaced by LPG. Widespread
biogas use is highly unlikely in Yemen because of the scarcity
of available biomass for digestion (there is only one large
dairy). The lack of water needed for slurry, and the need
to heat the digester because of relatively low ambient temperatures
at high altitudes where much of the population lives (see section
5.2.8).

5.1.5 Energy Conservation in Building Design

Under the auspices of the Supreme Council for Reconstruction
in Dhamar, several donor groups, including the U.S. Peace Corps
and the Organization of Netherlands Volunteers, are currently
involved in the reconstruction of homes for 300,000 people
displaced by the 1982 earthquake. This has provided builders
an opportunity to use energy-conserving (and thermal comfort-
boosting) design principles in the newly built homes. However,
15,000 of the homes are being built by contractors, 10,000
to 12,000 are being built through self-help projects (the YARG
provides materials and the owners build the houses themselves),
and the final 17,000 units will be funded by Saudi Arabia,
Kuwait, Abu Dabi, and the UN Community Development Fund (UNCDF).
Only the self-help projects are presently concerned with no-cost
or low-cost energy conservation strategies which will reduce
residential heating loads, and the consequent easing of pressure
on fuelwood supplies. All of these efforts are expected to
be completed by early 1986.

DHV of the Netherlands is responsible for designing the
basic house plans for the 10,000 to 12,000 units of self-help
housing. Within the primary design constraint of making the
houses as earthquake-proof as is economically feasible, the
DHV architects have incorporated basic principles of energy-
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conserving design. These include the appropriate placement

and sizing of windows; proper orientation to take advantage

of solar heating in the colder season and to reduce solar input
in the summer; shading devices and mud-insulated ceilings

to reduce overheating in the summer; and the maximum use of
locally available building materials to reduce costs.

In order to teach prospective home builders how to incorporate
these design practices into their homes, the Dutch and American
architects and construction supervisors have built model homes
and sample wall cross-sections for demonstration purposes.
Manuals are being prepared and translated for use by both
contractors and small builders. These d2signs address the
constraints of locally available building materials and practice,
as well as social and cultural issues which are so often ignored
in housing designed by expatriates (such as the concern for
security or privacy, which limits the size and placement of
windows) .

Peace Corps architects have also designed and built two
schools in the Tihama which incorporate passive cooling principles
to increase the thermal comfort level during the oppressively
hot lowland summers. Wind-driven convective cooling, proper
orientation, double roofs, and appropriate window placement
and sizing help to significantly reduce the building's cooling
load. It isexpected that future schools in the Tihama will
also incorporate these design features.

The difficulties commonly encountered in the dissemination
of most of the technologies discussed above revolve around four
major issues:

e the lack of technically skilled manpower to properly
install, operate and maintain the equipment;

e the lack of spare parts (most of which are imported);
e the lack of public awareness of positive features
of appropriate technologies, such as reduced life-cycle

costs, increased reliability of operation, etc.;

® resistance to accepting the trade-off of high initial
capital costs for low long~term recurrent costs.

Unless these problems are addressed, projects which seek to
increase the use of RETs in the YAR will not succeed.

5.2 Renewakle Energy Technologies Considered for Application

Having discussed in the previous section the RETs that are
currently being used in Yemen, this secticn discusses these,
and other available RETs not presently in use in Yemen, which
can conceivably address the energy needs of rural people (these
needs were presented at the beginning of section 5). Relevant
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technical, economic and social characteristics associated with

the use of these systems are presented. Technologies are basically
grouped according to their energy output (e.g., PV and windmills
for pumping water), although there is some overlap among
technologies with a variety of outputs.

5.2.1 Water Supply Equipment

PV-generated electricity is technically capable of meeting
a variety of basic energy needs in Yemen, ranging from potable
water supply to battery charging. Some experience with water
supply has already been gained, but the vast majority of the
water supply in Yemen is provided by diesel pumps., These are
almost always oversized for the hydraulic energy demands normally
made on them. While the 20- to 23-HP range of diesel pumps
is the most common size, more often than not a considerably
smaller engine would be adequate to supply the amount of water
required. This situation results in much greater than necessary
capital equipment costs, since actual power requirements are
frequently less than four HP (Jansen, SWD).

Based on a survey of 13 water projects installed by the
New Transcentury Foundation, water consumption rates tend to
vary by region, and average 30 liters per person-day in the
mountain areas and 60 liters per person-day in the Tihama.
At current prices, PV pumps are generally considered most cost -
effective (when compared with their principal competitor, diesel
pumps) when relatively small amounts of water (less than 50
cubic meters per Jday) are required at relatlvely low pumping
heads (less than 50 to 70 meters total pumpirg head). Although
much larger systems are in use, they are not generally
commercially available at reasonable cost, compared to diesel
pumps. Applications in the YAR have thus been restricted to
commonly available, nominal one- to three-HP systems which
can be either submersible (one HP) or surface-mounted to drive
either progressive-cavity (screw-type) or vertical turbine
pumps. Because of the low head and capacity constraints, drinking
water supply seems the most promlslng application, although
irrigation is a possibility in special cases. For example,
for a peak daily irrigation demand of 5 mm per day, a PV pumping
system supplying 50 cubic meters could irrigate a 0.5-hectare
field, at 50 percent irrigation efficiency. The efficiency
of drip-irrigation can approach 90 percent. There are, at
present, no drip-irrigation systems being used in Yemen, although
the AID agricultural extension project has a drip-irrigation
component. The high efficiency of drip-irrigation will positively
affect the use of PV in irrigation schemes.

Well depths in Yemen vary from five to 300 meters, with
the shallowest wells, predictably, in the Tihama plain, and
the deepest in certain mountainous areas. Well yields in the
Tihama are generally the highest, with the least amount of
draw down (increased pumping depth as water is pumped out faster
than the well recharges) due to ample aquifer recharge. However,
in areas such as Dhamar, where groundwater levels have been
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being measured for several years, static water levels (depth

from ground surface to water level in well) average approximately
12 meters, with individual wells varying from three to 56 meters.
Tctal pumping heads (static water level plus draw down plus
friction losses plus tank height) would therefore average about
20 meters. Many of these wells could be within the economic
range of commercially available PV pumps. Cost-effectiveness

of specific systems at selected sites 1is given in detail in
section 6.1.3 below.

The cost-effectiveness of windmill water pumps is a very
strong function of the average windspeed at the site, as well
as the total pumping head and water flow rate. Although windmills
are capable of pumping water from great depths (some are being
used to pump oil from wells over 1,000 meters deep), their
costs increase more than linearly with depth. With approximately
the same low head (less than 50 meters) and low capacity con-
straints (less than 50 cubic meters per day) as PV pumps, wind
pumps become cost competitive with PV and diesel when the average
daily windspeed is over approximately four meters per second.
It is also essential that this windspeed be sustained on a
relatively continuous basis throughout the year. If there
are any months of considerably lower average windspeed than
this, windmills by themselves become less attractive. 1In practice,
windmills should be part of a system that includes a diesel
(as backup for low wind periods), and system economics should
depend on the savings in diesel over the windmill amortization
period.

There are several promising wind sites throughout the
country. CAMA has been monitoring seven sites for an average
of three years each. Although there is some question as to
the accuracy of the data, it does appear that there is sufficient
wind to justify a thorough investigation of these and other
potential sites through a network of automatic recording anemometers.
These anemometers would supply data on wind distribution at
the sites and at the height of prospective wind machines (10
meters is the standard recording height). Measurements taken
at the CAMA sites were recorded at two and 10 meters. Windmills
are normally mounted on eight- to l2-meter towers.

Windspeed data have also been recorded for the last three
years by British scientists at the Dhamar Agricultural Improvement
Centre (DAIC). Although the DAIC is not a particularly windy
area, the winds are consistent throughout the year. When designing
a windmill water supply system, the concept of the "design
month" is useful. This is the month when the ratio of water
demand to available wind is the highest. 1If the system is
designed to accommodate this worst-case condition, then for
the rest of the year the system can guarantee a more than adequate
supply. For village drinking water supply systems, the demand
is relatively constant throughout the year. For irrigation,
the demand varies with the crop cycle. Since drinking water
supply is the major concern here (because irrigation generally
implies a much greater water demand than can normally be supplied
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by windmills), a constant demand can be assumed. Thus, the
"design month" becomes the month with the lowest average windspeed.

For the DAIC station in Dhamar, the month with the lowest
average windspeed is December, with a daily average value of
1.7 meters per second measured at a two-meter height. This
can be extrapolated to 2.4 meters per second at a l10-meter
height. This is not particularly promising, given the approximate
four-meters-per-second windspeed at which windmill pumping
becomes competitive with PV and diesel (see economic analysis
below). However, most of the wind is during the day, with
very little wind recorded at night. This means that when the
wind blows, it averages a considerably higher windspeed than
2.4 meters per second. Since the power of the wind is proportional
to the cube of the windspeed, this situation results in more
water being pumped than if the wind were blowing continuously
at the low average windspeed.

A study was done by the Steering Committee for Wind Energy
in the Developing Countries (SWD), a Dutch organization which
has considerable experience in windmill design and applications,
to evaluate the potential for wind energy develooment in the
YAR. The CAMA data were reviewed for high windspeed areas.
Mokha, Mabar and Madanya all had average annual windspeeds
of greater than 3.75 meters per second, with minimum monthly
windspeeds of over three meters per second. Again, the wind
is concentrated in just a few hours in the afternoon, which
increases water yield from a windmill. It is likely that other
good wind sites exist, and that windmill water pumping could
be a cost-effective approach to drinking water supply at some
sites in Yemen.

Although it would be advantageous to be able to manufacture
windmill water pumps in the YAR, this is not presently possible
given current manufacturing capabilities. A survey of local
manufacturing facilities indicates a lack of availability of
the necessary bearings and shaft steel for rod assembly, without
which windmills cannot be produced. Until industrizl manufacturing
capabilities are increased, if windmills are used in Yemen,
they will have to be imported. The nearest manufacturers
of windmills are in Kenya, Botswana, South Africa, India, and
Italy.

5.2.2 Photovoltaic and Wind Electrical Generation

PV power generation has a number of advantages over the
present diesel generation scheme, in terms of system reliability,
very low maintenance requirements, ability to operate in an
unattended mode, and modularity to easily accommodate future
increases in energy demand. The principal uses for PV power
at the village level would be radio-telephones, fluorescent
lighting, ventilation fans, vaccine refrigeration, and both
wet-cell and NiCad (nickel cadmium rechargeable) battery charging.
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Over 100 million small dry-cell batteries per year are
used in the YAR. Until last year, all of these batteries were
imported. Typically, these batteries would have lost 25 to
40 percent of their rated power due to long shipping delays.
In 1983, a battery manufacturing plant was constructed in Sana'a,
designed to produce 41 million dry-cell batteries per year.
The turn-key project, partially financed by a World Bank IFC loan
of US$3.25 million, will manufacture DC.and AA dry cells of
the standard non-alkaline, non-rechargeable type.

Rechargeable nickel-cadmium batteries, while approximately
four times the initial unit cost of non-rechargeable batteries,
can be recharged up to 1,000 times. There are dramatic savings
associated with the use of rechargeable batteries. The charging
units are relatively inexpensive, and can easily be driven
by PV. Rechargeable batteries have only recently been intro-
duced in Yemen, and sales are expected to increase dramatically
as consumers become aware of their cost advantage.

Wet-cell batteries, such as those used in automobiles,
are frequently carried from remote villages to central sites
where then can be recharged either through a generator or a
grid electric source. Since battery storage efficiency (ratio
of usable power out over charging power in) is 80 percent at
best, this is a very expensive way to provide remote site power.
These batteries could be trickle-charged on-site by PV, with
the resulting savings in transportation, time and effort. PV
trickle-charging units could be purchased by local merchants
w~o would then charge a fixed rate for recharging a customer's
batteries.

School electrification is another area for PV application.
Thus far, an educational television (ETV) program has not been
developed in Yemen, due to prohibitive television programming
costs. The lack of trained Yemeni teachers has put tremendous
strains on the educational system. Rural schools frequently
lack textbooks, let alone ETV. Programming costs for educational
radio are significantly less than ETV. Numerous well-tested
adult education programs covering a wide range of useful topics
(food preservation, improved agricultural practices, infant
health care, animal husbandry, etc.) are available that could
be translated into Yemeni Arabic. Educational radio programs
could significantly reduce teachers' burdens, help to standardize
the curricula throughout the country, and consolidate the YARG
presence in remote areas where its profile is low.

Subjects of interest could be taught using a combination
of videotapes, radio and television broadcasts. All of these
are contingent upon a reliable power supply for their receivers.
This is a particularly socially beneficial application of village
PV electrification. It is a low-power application as well.
DC color televisions draw three amps at 12 volts, while black
and white televisions only draw one amp and radios one-half
amp, thus requiring a relatively small investment in PV power
supply equipment (one to two PV modules plus regulator).
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Wind electrical generation is only competitive with diesel
or PV where windspeeds are consistently high, solar radiation
low, and diesel costs are unusually high (for instance, due
to high transportation costs to remote sites). As a rough
estimate of the cost of electricity generated by a typical
small wind generator, consider the following example. A typical
two-kW wind-generatinc system {with represcntative costs, FOB
U.S.) consists of the following equipment: rotor, generator
and controls (US$5,000); 15-kWh battery pack (USS$1,500); 1l2-meter
high gruyed tower (US$1,000); 1,500-watt inverter (USS$1,800);
and miscellaneous wiring, etc. (US$1,000). Shipping and
installation costs are about US$2,000. The battery bank would
need to be replaced once over an assumed l5-year amortization
period (US$1,000). Capital equipment costs are, therefore,
US$13,300 for the installed system, with the replacement battery
bank.

In an area with an average daily windspeed of five meters
per second (higher than any presently monitored site in Yemen),
a yearly output of about 3,500 kWh of electricity could be
expected. Assuming very low onerating and maintenance costs
compared to capital equipment costs, the cost of power generated
would be equivalent to about 3.4 YR per kWh. However, if this
example is recomputed for wind regimes actually available in
Yemen (four meters per second average daily windspeed), the
cost of power generated jumps up to 9.4 YR per kWh. This is
not competitive with diesel electric generation, which costs
2.5 to 3 YR per kWh from rural autogenerators. Therefore, wind
electric generation was rejected as a generating option.

5.2.3 Solar Domestic Hot Water (SDHW) Heating

While efforts to encourage the use of solar hot water
heating have yielded minimal returns, the relatively low cost
of commercially available SDHW systems and the high solar radiation
levels available in much of the country make this a technology
that is certainly worth pursuing. Again, the major obstacle
to overcome is the lack of public awareness of the technology
and its long-term savings over the only alternative currently
available, electric resistance water heaters. Thus far, market
penetration is minimal in the rural areas. Most of the SDHW
heaters are still in urban areas, particularly Sana'a, which
are served by central grid power. The YARG would have little
incentive at this point to encourage the use of SDHW in these
areas because of the already low capacity factor (20 percent)
of the grid generators, other than the reduction of O&M costs
for their grid generators. The incentive for buying solar
heaters would be principally the reduction of monthly utility
bills for the consumer.



32

5.2.4 Energy Conservation Practices

Engines are designed to operate most efficiently at a
certain load level. When they are not suitably matched with
a load, their operating efficiency decreases. This increases
the operating cost per unit of output. Diesel pumps and generators
in use in the YARG are more often than not oversized for the
energy demands made on them. While less-than-design loads
lead to longer machinery life expectancy, operating efficiency
decreases. Conversely, running an engine at full load increases
the efficiency but shortens the life expectancy.

Large~capacity engines operate inherently more efficiently
than small engines. However, a large engine running with a
very undersized load runs very inefficiently. It is, therefore,
possible that a large engine running at only partial load could
be replaced by several smaller engines running at their design
loads and consequently higher efficiencies. This strategy
could reduce both capital equipment costs as well as operating
and maintenance costs. It would also increase the overall
reliability of supply since it is unlikely that all of the
smaller units would bLe out of service simultaneously.

These considerations apply equally to diesel, gasoline
and electric motors. Consumers are frequently unaware of these
facts. It is common, for instance, for farmers to insist that
their irrigation pumps would have a very high instantaneous
pumping capacity, and yet only run their pumps for three hours
a day. They do not accept the fact that a much smaller pump,
running for eight hours, could supply the same amount of watex
at a lower cost, assuming that there is no problem with delivering
the irrigation water over the longer time period. This miscon-
ception makes it difficult to sell properly sized pump/motor sets.

The major uses of diesel engines in the YAR are for water
supply and power generation. Routine maintenace procedures
are seldom performed, dramatically reducing an engine's useful
lifetime. Diesels sometimes last only two years, as a result
of both maintenance neglect and the harsh operating environment.
Engine overhauls are seldom performed on typical rural small
diesel installations. When power output degrades to an unacceptable
level, a new unit is purchased, resulting in unnecessarily
high capital equipment costs.

These same comments apply to farm tractors and the transport
sector in general. Adequate tuning of engines is uncommon
(evidenced by often overwhelming exhaust emissions from vehicles),
resulting in lower operating efficiencies and higher fuel use.
Tractors are frequently oversized for the job, while transport
vehicles are normally used far beyond their design capacity.

The explanation for these  problems is, in part, cultural.
Yemen still has one of the highest illiteracy rates in the
world. Rural Yemen's acquaintance with most modern technology
only began 10 years ago. This is compounded by the fact that
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one-third to one-half of the male population, especially the

most technically trained, is working abroad. Technical skills
are still in short supply. Technical training is available

only to a very few, despite efforts being made to rectify this
situation. Private-sector distributors of machinery perceive
little advantage in selling more appropriately sized (i.e.,
small) units which would result in smaller short-term profits.
Their sales personnel seldom have the technical expertise to

size systems appropriately. Finally, customers request oversized
units for the status associated with them.

In summary, the most important aspects of an energy conserva-
tion strategy are:

® proper sizing of equipment to match conditions of use;

e proper operation and maintenance procedures performed
at prescribed intervals;

e training of mechanics so that necessary technical skills
are available for equipment upkeep; and

e public awareness and demonstration programs, possibly
in coordination with agricultural extension activities
and other consumers of energy (e.g., the transport
sector), to educate consumers on the techniques and
benefits of energy conservation practices.

5.2.5 Passive Solar Design

As discrtionary incomes increase in both the private and
public sectors, a greater percentage of energy use will be applied
to increase thermal comfort levels in residences and office
buildings. If domestic natural gas becomes available as currently
expected, building could be heated in the winter (in the mountainous
regions) and cooled in the summer (particularly in the Tihama) by
natural gas or electricity from the national grid. Energy efficient
building techniques would substantially help to alleviate the
costs of heating and cooling buildings, as well as providing better
living and working environments.

Many of the benefits of energy-efficiency can be obtained for
little or not additional initial construction cost. For example,
energy conserving design strategies, such as proper orientation
to the sun, and proper placement of windows and shading devices
can significantly reduce both heating and cooling loads in buildings
at no additional expense. When the government is bearing the cost
of both construction and operation of buildings (schools, hospitals,
offices, clinics), attention given to energy efficiency in the
initial design of the building can significantly reduce its life-
cycle cost.
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Depending on the climatic conditions at the particular site
(mountain sites where concern is with cold winters and sites in
the Tihama where the cooling load is a more important consideration),
different design strategies assume greater importance. For cooling,
the following strategies are most important:

o minimize solar gain to reduce overheating;

o promote controlled ventilation to dump excess interior
heat;

o minimize conductive heat flow from outside;
o use thermal mass to reduce indoor temperature extremes; and

o insulate or use ventilated ceilings to reduce summer
overheating.

Heating strategies include:

o maximize winter heat gain by proper building orientation
as well as shading devices and window placement and sizing;

o use thermal mass to reduce indoor diurnal termperature
swings to acceptable levels;

o insulate ceiling or roof and walls as appropriate to
reduce conduction heat losses; and

o reduce infiltration losses by tight construction.

The incentives for using such strategies include the reduction
of dependence on imported energy resources, frequently high
returns (in terms of both cost avoidance and increased comfort
levels) on small increments in construction cost, and reduction
of average and peak loading conditions for utilities. These
techniques are normally labor rather than capital intensive,
reducing the need for capital expenditure for poor rural families.
Disincentives include possible conflicts of technical design and
social/cultural beliefs (large, south-facing windows versus
privacy or security concerns), some nontraditional construction
techniques, and some additional capital investment for low- or
medium-cost energy conservation Jlesign strategies.

As mentioned in Section 5.1.5, some of these principles are
being applied in Yemen, particularly in the Dhamar earthquake
reconstruction project. The results of these initial efforts
should be carefully reviewed by both private- and public-sector
builders and designers to see where building energy-conservation
strategies have yielded positive results. Then, these results
should be applied to future design and construction.
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5.2.6 Geothermal Power

The World Bank (IDA) has funded a project to explore the
potential of a geothermal site in Dhamar. The YARG has not
yet begun to implement the project, which calls for a private
firm to supervise exploration. Four test wells are to be drilled
to a depth of 1,600 to 1,800 meters in order to measure thermal
gradients and quantify the magnitude of the resource. This
exercise would take two to three years to yield any definitive
results. If the four wells are found to produce five to 10 MW
each, then a 15- to 20-MW plant will be constructed to gain
operating experience. Globally, five MW is equivalent to the
yield from geothermal wells. By comparison, this is equivalent
to the yield from a very moderate gas well. Most gas wells
are at least five times that large. Given the potential of
the Marib oil field, and the existing surplus generating capacity
in YGEC, the YARG is not likely to pursue the Dhamar geothermal
project in the near future.

5.2.7 Other Technologies

Among the other technologies considered for application
were high-temperature solar thermal systems (principally for
industrial processes), biomass gasification power plants,
low-temperature solar food dryers, micro hydroelectric installations
solar salt ponds, and methane digestion. Some of these technologies
can be dismissed on the basis of scarcity of the renewable
energy resource which drives them. This is true in the case
of micro hydro, solar salt ponds (which require land area
as well as water), and biomass gasifiers (wood or charcoal
burning). Others have very little demand (such as solar dryers
or high-temperature solar industrial process heat systems),
nor do they have the maintenance and support capabilities due
to the widespread lack of technical training in Yemen.

The one remaining technology which merits closer examination
is methane digestion. There are an increasing number of poultry
producers who have to deal with growing quantities of manure.

It is possible to digest this manure and produce biogas, a
combustible low-energy gas, as well as high-grade fertilizer.
Biogas can be used as a direct substitute for diesel fuel or
gasoline in internal combustion engines. The output of the
engines 1is, however, somewhat derated because of the lower
enegy content of the fuel compared to natural gas, petrol or
diesel.

As an example of a methane digester application, assume
a 10,000-bird chicken farm, with each bird producing about
0.3 pounds of manure per day. If 75 percent of this manure
is collected, then the daily total production is 2,250 pounds.
Chicken manure can produce about 0.68 cubic feet of kingas
per pound of manure, so daily gas production is 1,530 cubic
feet. However, chicken manure by itself is not an ideal input
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to the digester. Biogas production is dependeunt on three variables:
the carbon/nitrogen ratio of the feedstock (ideally about 30:1);

the feed slurry moisture content (eight percent); and the temp-
erature of the mixture (35°C is the optimum). To get the proper
carbon/nitrogen ratio, plant matter must be added to the feedstock.
To get the proper slurry moisture content, water will have

to be added (about 3.5 cubic meters per day for this example) .

The low ambient temperatures in the mountainous regions require

the use of part of the biogas produced to hsat the slurry to the
optimum digestion temperature. This would consume much of the

gas being produced.

Biogas, as stated previously, can be used as a substitute
for diesel fuel. One-hundred and seventy cubic feet of biogas
is equivalent to about one gallon of diesel Ffuel. Thus, the
daily equivalent production for this example is 34 liters (nine
gallons) of diesel. 1In addition to producing a high-grade
fertilizer (the digester effluent), the problem of disposal
of the manure is eliminated. However, given the operational
constraints mentioned above (lack of many large manure supplies,
high water consumption, low ambient temperature), and the com-
paratively low output of the digester, it is unlikely that
methane digestion will prove to be a useful energy source in
the YAR in the near term.



6.0 COMPARATIVE ANALYSES OF ENERGY SYSTEMS

Rough costing estimates have been given in previous sections
on solar hot water heating, passive solar building design,
methane or biogas digestion, and wind electric generation.

Solar hot water heating was shown to be a very worthwhile
investment, if the hot water demand exists. Methane digesters
are inappropriate in Yemen for the reasons mentioned previously.
Wind electric generation was dismissed after preliminary financial
considerations showed it to be non-competitive with diesel
electric generators. Passive design principles are worthwhile
where they can be integrated with traditional architecture

to increase thermal comfort levels with little or no additional
expense during construction. The two energy demands which

have to be discussed in some detail are water pumping and
electrical generation.

Before examining in detail the costs of various water-pumping
and electrical-generating systems, it is first necessary to
consider site-specific energy resource availability, and the
different types of equipment currently available for these
tasks. These issues are discussed in the following two sections.

Life-cycle costing analyses given in section 6.3 are based
on system output assumptions which come from three sources:
data supplied by manufacturers (normally given under ideal
conditions and therefore somewhat overstated); computer simulation
models (both wind and PV pumps); and field performance data
given in the literature.

6.1 Renewable Energy Resource Availability

The three most important climatic variables in the design
and economic feasibility of RETs are solar radiation, wind-
speed distributions, and ambient temperature ranges. Frequently,
this information is unavailable for a particular site under
consideration and "quesstimates" must be made in system sizing
and life-cycle costing. 1In the YAR, several different agencies
have been collecting certain types of data for seven or eight
years at some sites. The most inclusive data base is that
assembled by CAMA in Sana'a.

There are three solar radiation measuring sites using
Eppley radiometers (World Meteorological Organization Class 1
instruments). There are several other sites using less accurate
"hours of possible sunshine" measurements. Several papers
have been written by researchers at the University of Sana'a
analyzing the solar radiation levels in the YAR. As would
be expected, solar radiation levels are consistently high
throughout the year and throughout the country. Total solar
radiation levels average as high as 20.5 to 21.7 MJ/m2, which
is among the highest levels in the world. This makes the
use of solar thermal as well as solar electric technologies
very promising.

37
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Seven sites are regqularly reporting windspeed and direction
measurements, taken at two- and 10-meter heights. 2s with
solar radiation, both the magnitude of the wind resource
as well as its consistency throughout the year are important
in the design and economics of wind energy conversion systems.
If winds are very strong for eight months of the year, then non-
existent for the four remaining months, a backup power system
must be used in conjunction with the windmill, significantly
increasing the initial capital expenditure for the entire
pumping system. It is possible that, at some sites, a windmill
will be added to an existing diesel pump. This could reduce
the fuel and maintenance expenditures over the life of the
diesel systemn.

While solar radiation is fairly constant throughout the
country, wind energy availability is very site specific--so
much so that except in areas with fairly consistent topography
(e.g., the Tihama coastal plain), any site under consideration
for windmill installation should be monitored with a recording
anemometer first. A widespread anemometry program, which
would include the seven sites currently monitored, is a pre-
requisite to the consideration of any extensive wind energy
syscem development.

Since the performance of both solar PV and solar thermal
systems depends to some extent on ambient temperature levels,
these variables are used in computer simulations used for
sizing and design of systems. These data have been recorded
extensively in the YAR and are available from the CAMA office,
the University of Sana'a, and various donor agency studies.

6.2 Available Equipment

Water-Pumping Equipment

The first type of equipment examined will be water pumps.
The base case system is, of course, the diesel-driven pump.
The two most common configurations in the YAR are: for wells
up to 150 meters' head, the belt-drive vertical turbine pump;
for higher heads, the diesel generator-powered electric sub-
mersible pump. Some sites use electric submersibles at lower
heads, but there is little initial capital and operating/
maintenance cost difference between the two systems, given
current costs of the pumps, generators, and diesel engines.

Since PV pumping is currently considered economically
competitive only at heads less than approximately 30 meters
and daily outputs less than approximately 50 meters of water,
only sites which fit these criteria need be examined. Further-
more, at this time, most of the commercially available PV-pumping
systems are nominal one horsepower (745 watts). The energy
required to pump a given amount of water is directly proportional
to both the quantity of water and the total head against which
the water is pumped. Therefore, for a given energy input,
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increasing head decreases the amount of water which can be
pumped. Similarly, increasing the amount of water pumped
decreases the distance which it can be pumped. Although PV
pumps on the order of 40 horsepower (28 KW) are in use, such
systems are considered experimental at this time. However,
much experience has been gained by users and manufacturers
in the one- to three-HP range with PV pumps.

The most common PV pumps are small electric submersibles.
There are both DC and AC versions, and there is currently
little difference in reliability or cost per cubic meter of
water pumped. Two of the PV pumps installed in the YAR are
AC submersibles, and the third is a DC vertical turbine pump.

A third type of PV pump which should be considered is
a DC motcer-driven progressive-cavity pump. These are presently
being used in Botswan:, Nigeria and Zimbabwe. The surface-
mounted DC permanent magnet motors coupled to the down-hole
pumps are available in fractional (less than one-HP) to three-HP
sizes. Since the progressive-cavity Mono pumps are very tolerant
of sand or saline water (which submersibles are not), they
might prove useful at certain sites in Yemen. Another type
of PV pump is a jack pump, which is frequently used to pump
0il from relatively deep wells. These are able to pump from
very high heads at relatively low flow rates, and could be
used to supply drinking water to small villages with deep
wells.

The second water-pumping device considered is the reciprocating
piston windmill. These have been used for many years throughout
the world. Although their use declined dramatically with
the advent of cheap oil prices, they are currently experiencing
a resurgence of interest, particularly in areas without access
to grid electrical power. This interest has encouraged the
refinement of wind-pumping technology, resulting in systems
which are capable of pumping considerably more water, particularly
at low windspeeds, than was previously possible. The increased
cost of such systems has, to some extent, discouraged their
widespread deployment. There are ongoing field-testing programs
(e.g., the AID-sponsored Botswana Renewable Energy Technology
Project's extensive comparative testing program for water-
pumping systems) which are examining in detail whether the
high-performance windmills are worth the additional cost.

Standard commercially available machines (Southern Cross,
Climax) are being compared with "high-performance" machines
such as the U.S. Wind Baron and the Kenyan Kijito.

Rural Electrification Equipment

PV-driven electrical equipment falls into two broad categories:
telecommunications, and institutional (clinics and schools)
or residential power systems. As stated previously, tele-
communications has been, and at least in the near term will
continue to be, the highest use of PV. A new generation of
multi-channel radio-telephones is to be installed in Yemen
by the Ministry of Communications and Transportation (MCT)
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over the next year. Additional microwave repeater sites and
single channel radio-telephones are currently being installed.

All of these systems will be powered by PV. Not only
are they considered by MCT to be the most cost-effective power
sources (requiring neither frequent maintenance nor replenishment
of fuel supplies), but they are also the most trouble-free,
compared to other power sources such as diesel generators,
wind electric generators, or simply batteries (which must
be replaced and recharyed continuously, typically off-site).

Electrical appliances which are used in institutional
settings include vaccine refrigerators, cooling circulation
fans and radios in health clinics; celevisions, fans and lighting
for schools; and a wide variety of other small appliances,
depending on individual site requirements. At present, these
needs are met, where grid power is available, by diesel generators.
While the costs per kilowatt hour vary considerably from site
to site, an average value seems to be USS0.55/kWh. The World
Bank report assumes a lower cost, which is based on a seven-
year equipment lifetime. Given the inadequate maintenance
frequently provided, this seems overly optimistic. Current
import levels (43,000 gensets in 1981, or 200 MW) could indicate
a high replacement rate of existing stock, i.e., life cycles
on the order of three to five years.

6.3 Life-Cycle Cost Analyses

The Benefit/Cost Ratio (BCR) is used for comparing system
alternatives. The BCR is the present worth of all benefits
derived from the system divided by the present worth of all costs
incurred over the useful lifetime of the system. This includes
all capital expenditures, operation and maintenenace costs, as
well as the costs for any major overhauls or parts replacement
over the assumed equipment lifetime. In addition, for the water-
pumping systems (PV, windmills and diesels), since the cost
of a cubic meter of water is a difficult number to quantify
precisely, an equivalent cost per cubic meter of water delivered
by the system is calculated. The lower the volumetric water
cost for a given pumping system, the more desirable the system.

6.3.1 Comparative Economics for Water-Pumping Systems

The results of a comparison of PV, windmill and diesel water-
pumping systems are given in Table 4. All of the systems are
sized to typically deliver 30 square reters of water per day on
an average annual basis frem a 30-meter head. It must be
emphasized that costs, while intended to be as accurate as
possible, can vary considerably from site to site. Therefore,
these figures should be used only as a relative comparison of
the life-cycle costs of water delivery over the 20-year period
chosen for the analysis.



Table 4'1/

CONPARATIVE ECONOHICS OF WATER PUMPING SYSTENS

PHOTGVOLTAIC PUHPS WINDHILLS DIESELS
SYSTEN A B c D 3 F 6 H I ) X L N N

Atortization Period (years) 20 20 2 20 20 20 20 20 20 20 20 20 2 20
Pusp/Hoter Lifetine (years) 7.5 5 7.5 7.5 7.5 4 4 4 4 4 5 7.5 S 5

Discount Kate 102 102 102 a1 121 102 0 10 81 121 01 101 a1 12
COSTS
initisl Capital Cost $15,235 $16,005 $18,005 $18,005 $16,005 $9,304 $5,304 $9,304 $9,304  $9,304 $4,349 4,309 $4,349  $4,349
Shipping $500  $500  $500  $500  $500 $2,000 $2,000 $2,000 $2,000 $2,000 $0 $0 $0 $0
Instailation 8350 $350  $350 350 $350 81,000 $1,000 $1,000 $1,000 $1,000 $350  $350  $350  $350
Total Init.Cost $16,085 $18,855 $18,855 $15,855 $18,855 $12,324 $12,304 $12,304 $12,304 $12,308 $4,699  $4,699  $4,699  $4,699
snnual utH Costs 100 $100  $100  $100  $100  $400  $400  $400  $400  $400 $1,866  $1,866 $2,251 $2,251
NPV of Replacewent Parts Costs $2,500 $4,200 $2,800 $2,800 $2,800 81,660 $1,600 $1,600 $1,600 $1,600 $17,476 $13,047 $17,476 $17,476
Life Cycle Cost 319,736 323,906 $22,506 $22,637 $22,402 $17,309 $17,309 $17,309 $17,831 $16,892 $38,061 $33,632 $44,276 $38,989
BENEFITS
water Puaped per Year (a3) 11060 11060 11060 11060 11060 560 4000 8300 8300 8300 10950 10950 10950 10950
value of Gutput %%.50/a3 §5,550  $5,530  $5,530 35,530 $5,530  $2:0 $2,000 $4,150 44,150 84,150 $5,475  §5,475  $5,475 35,475
NV of Benefit Streas $47,060 $47,060 $47,080 $53,294 341,306 $2,354 $17,027 $35,331 $40,745 $30,998 $46,612 $46,612 $53,754 $40,695
Effective Water Cost (3/s3) 0.2 0.25  0.24 020 027 3.3 05 02 02 0.2 0.41 036 0.41  0.43
eenef1t/Cost Ratlo 2.3 197 2.0  2.40 184 0.4 093  2.04  2.25  1.84 L2 139 121 1.05

1/ See explanatory notes and assumption on following pages.

184
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Certain parameters, such as import duty rates, frequency of
parts replacement, and discount rates were varied somewhat to give

a feel
diesel

for the sensitivity of the assumptions. No real increase in
fuel costs over the general inflation rate was assumed. The

systems are identified by the letters:

A

Note:

- PV, DC electric submersible pump/motor set, 10 percent
customs duty, pump/motor lifetime and discount rate as
shown. Replacement cost of pump/motor reflects labor
charge as well.

- Same as A, 30 percent customs duty, five year pump/motor
life.

- Same as A, 30 percent customs duty, 7.5 year pump/motor life.
- Same as A, eight percent discount rate.
- Same as A, 12 percent discount rate.

- Typical reciprocating windmill water pumper, l4-foot
diameter rotor. Cylinder pump replaced every four years.
Average windspeed of 2m/second assumed.

- Same as F, 3m/second average windspeed.
- Same as F, 4m/second average windspeed.
- Same as H, eight percent discount rate.

~ Same as H, 12 percent discount rate.

- Typical diesel genset driving electric submersibi: Eiap
(essentially the same down-hole equipment as inA above).
Thirty percent efficiency assumed. Diesel fuel cost is
YR 1.6/liter ($0.27/liter), lubricating oil cost YR 16/
liter ($2.67/liter) and pump attendant's wages are YR 400/
month ($67). Fuel prices are current prices in Sana'a.
Pumo/mot>r replaced every five years.

- Same as K, pump/motor replaced every 7.5 years.
- Same as K, eight percent discount rate.
- Same as K, 12 percent discount rate.

No salvage value was assigned to any equipment after the
amortization period.

Examination of Table 4 leads to the following conclusions:

In the low-head, low~flow example chosen, PV pumping for
drinking water supply is very competitive with diesel under
nearly all circumstances. This ranking is fairly independent
of discount rate variations between eight and 12 percent

and variations in the frequency of parts replacement for
diesel or PV,
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® Windmill output increases dramatically with small increases
in average windspeed, up to the furling limit (windspeed
at which the rotor automatically turns out of the wind to
prevent overspeed damage). For this example, windmills
become competitive with diesel as average windspeed
approaches 3.5m/second, and with PV above 4m/second. Some
sites with these windspeeds do exist in Yemen.

e PV system LCC is somewhat sensitive to customs duty assump-
tions, since most of the LCC for PV is due to the initial
system capital cost. Dropping the customs duty from
30 percent to 10 percent reduces the cost per cubic meter
of water pumped by nearly 20 percent. This would also apply
to windmills as they are also characterized by high initial
costs and low, long-term recurrent costs.

e Diesel pump costs are most sensitive to frequency of parts
replacement, as their long-term recurrent costs are large
compared to the initial investment. Changing the assumed dis-
count rate from eight to 12 percent increases effective
delivered water cost by 17 percent. Although no real fuel
cost inflation was assumed here, it will be seen in the
electrical generation example that it can have a significant
effect on diesel operation cost.

It must be kept in mind that the diesel pump is only being
run several hours a day to meet this relatively low water demand.
It is reasonable to assume that it could also be used to supply
1rr1gatlon water, upon which some value must be placed. This would
increase operation and maintenance costs as well. Given the specified
load, the comparison shown is valid.

The overall conclusion from the figures glven is that situations
exist in Yemen where each one of the three pumping technologies
is most appropriate. At high-wind, low-head, low-flow sites, wind-
mills--properly maintained--can be the most cost effective. At
low-wind, low-head, low-flow and unshaded sites, PV is a good choice.
For high heads (deep wells) and high-flow situations, diesels are
the most likery solution.

6.3.2 Comparative Economics for Electrical Generation

The results of a comparison of PV and stand-alone diesel
generators on a life-cycle cost (LCC) basis is given in Table 5.
All of the systems are sized to provide about 9600 kWh per year,
which would meet the electricity demands of a small village. The
left side of the table lists seven photovoltaic systems, which are
physically identical but about which different assumptions of
equipment lifetime, discount rates and initial system capital costs
are made. The right side of the table lists nine diesel gensets
about which similar assumptions are made.

The photovoltaic system used in this example is a 5.5 kW array
which has three to four days of battery backup as energy storage.



PHOTOYOLTAICS GENERATORS

Table 5

1/

COMPARATIVE ECONORICS FOR ELECTRICAL GENERATION

DIESEL GEHERATORS

SYSTEM A B [ D E F 6 A B £ F 6 R I
Asortization Feriod {(years) 15 20 25 20 20 20 20 20 20 25 20 20 20 20
Hardware Lifetise(years) 15 20 25 20 20 20 20 2 4 ¢ [ 4 4 1
Discount Rate 101 101 102 81 121 102 102 101 101 101 81 121 101 et
fuel Inflation Rate n.a n.a. n.a. n.a. n.a. n.a. n.a 01 01 01 01 [1)4 11 i
Custs

In1t1al Capital Cost $66,000 $66,000 $66,000 366,000 $66,000 $55,000 $44,000 $6,000 $56,000 $6,000 _ $6,000  $6,000 $6,000 3,000 $5,000 $¢,000
Shipping $2,000 $2,000 $2,000 §2,000 $2,000 $2,000 $2,000 $0 30 Hil 10 $0 10 30
Installation $1,000 1,000 ¢1,000 1,000 $1,000 $1,000 $1,000 $500 $500 $500 $500 $500 $500 $500
Total Init.Cost $69,000 369,000 269,000 $69,000 $69,000 $58,000 $47,000 $5,500 86,500 $6,500 86,500 86,500 $6,500  $o,SDC
Annual 04 Ensts $100 $100 $100 - 3100 $100 $160 $100 12,251 82,251 $2,251 82,251 82,251 42,470 $3,%7
NPV of Replacesent Parts Costs $3,%00 $9,900 49,900 39,900 $9,%00 $3,250  $6,600 $54,000 $24,000 $36,000 $24,000 824,000 :24,000 $24,00u
Life Cycle Cost $79,661 879,751 $79,808 $79,882 $79,647 $67,101 $54,451 179,664 349,664 $62,932 452,601 847,314 $51,529 60,628

tENEFITS
kit Generated per TYear 9600 9600 9600 9600 9600 9600 9600 9600 9600 9600 9600 900 9600 900
Value of Output ¥.55/kNh $5.250 85,280 $5,280  $5,280 $5,280 85,280  $5,280 45,280 35,280 45,280 85,240 85,230 85,260 ¢5,2u0
NFY of Eenefit Streas $40,160 844,952 $47,927 851,840 $39,439 $44,952 $4¢,952 344,952 344,952 $47,927 $51,840 $39,439 $44,952 $44,9%
Effective Energy Cost ($/kkh) 1.0% 0.98 0.92 0.85 1.11 0.82 0.67 0.97 0.61 0.72 0.56 0.66 0.¢3 0.74
Benetitstost katic 0.50 0.5 0.60 0.65 0.50 0.67 0.82 0.56 0.9] 0.7¢ 0.99 0.33 0.87 0.7:

1/ See explanatory notes and assumption on following pages.

A%
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It is a DC system (i.e., uses no inverter to generate AC current).
Replacement costs are due to the need for battery replacement,
which represents approximately 15 percent of the total system cost.

The diesel system cost is based on the cost in Sana'a of a
popular-selling Japanese diesel generator, a nominal 10 kW unit.
Output, operation and maintenance costs are as follows: Output -
1200 kWh per installed kW; Capital cost, YR 36,000 ($600) per kW
(including shipping); Diesel costs YR 1.6 per liter ($0.27), lube
oil YR 16 per liter ($2.67), fuel consumption 0.32kg per kWh;
Maintenance, five percent of fuel cost: Operator cost, YR 400 ($67)
per month. A penalty was assigned to all of the diesel systems
of 59. downtime and subsequent loss of power at a rate of $6.50 per
kWh. No salvage value is assigned to any of the equipment.

Parameters varied for sensitivity analysis include equipment
lifetime, discount rates, PV system costs, frequency of parts
replacement, and fuel cost inflation. The different photovoltaic
systems, listed as Systems A through G, are as follows:

A - Fifteen-year amortization period, one replacement of
battery bank (very high quality, long-life, deep-discharge
batteries), 15 year PV life, 10 percent discount rate;
system cost of $12/watt.

B - Same as A, 20-year amortization period.

C - Same as A, 25-year amortization period.

D - Same as B, eight percent discount rate.

E - Same as B, 12 percent discount rate.

F - Same as B. system cost $10/watt.

G - Same as B, system cost $8/watt.

Diesel systems A through I are as follows:

A - Twenty-year amortization period, system requires replace-
ment due to lack of proper maintenance and hot, sandy
operating environment every two years. Real fuel inflation
rate is zero percent over amortization period. Ten per-
cent discount rate.

B - Same as A, four-year system replacement.

C - Same as A, eight-year system replacement.

D - Same as B, 15-year amortization period.

E - Same as B, 25-year amortization period.

F - Same as B, eight percent discount rate.
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G - Same as B, 12 percent discount rate.

H - Same as B, one percent per year real fuel cost inflation.
I - Same as B, five percent per year real fuel cost inflation.
Examination of the table leads to the following conclusions:

® PV generation costs range from $0.67 to $1.09 per kWh, while
diesel generating costs range from $0.46 to $0.97 per kWwh,
depending on the assumptions made. Therefore, given the
inherent uncertainties in the assumption, it can be
concluded that under certain conditions, PV can be compe-
titive with diesel for small village electrification.
Bear in mind that diesel fuel prices used here are subsidized
and artificially low.

e The life cycle cost (LCC) of PV is not very sensitive to
assumptions of equipment lifetime past 15 years. However,
it is a very strong function of the initial system cost.

PV systems at $12/watt (current one-off system cost) are
not competitive with diesel unless a premium is placed on
reliability and a penalty is absorbed in the diesel system
cost due to loss of production during downtime. If the
generating system is the only supplier of drinking water,
this becomes a critical issue. PV becomes competitive with
diesel as system cost drops below about $9/watt.

e Electricity cost from a PV system is not very sensitive to
assumptions of the discount rate between eight and 12 per-
cent, because most of the LCC is due to initial capital
costs. Diesel generating costs are sensitive to discount
rate assumptions. Increasing the discount rate from eight
to 12 percent increased the kWh cost by 18 percent.

® Costs of diesel generators are sensitive to amortization period
assumptions. This is chiefly due to the frequency of parts
replacement, which is directly proportional to the length of
the amortization period.

® Frequency of parts replacement is the most critical assump-
tion in calculating LCC for diesels. This is particularly
true in Yemen, where high temperatures (in the Tihama)
and dusty, sandy operating conditions can destroy an engine
in less tnan two years if proper operation and maintenance
procedures are not performed. Replacing the engine every
two years versus every eight years more than doubles the
cost of electrical generation.

A ygraphical representation of Table 5 follows.
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7.0 INSTITUTIONAL CONSTRAINTS AND FINANCING POSSIBILITIES

There are a wide variety of institutional constraints which
inhibit the widespread adoption of renewable energy technologies
in Yemen. The most important of these are discussed in the
following section. They include:

e import duty classification and rate structure;

e distribution difficulties (evidenced by current lack
of manufacturers' technical support and marketing efforts);

® a lack of public awareness of both the existence and
capabilities of RETs;

e foreign exchange restrictions (nearly all currently
available RETs would have to be imported); and

e availability of credit.

Some of these problems are being addressed (distributors
are beginning to receive higher quality support from manufacturers
than had previously been the case). Some can only be addressed
by the YARG (import duties, currency exchange restrictions).
Some are cultural (public awareness and credit) and are unlikely
to change without specific programs which clearly delineate
the advantages and disadvantages of RET use in terms which
ordinary consumers can understand.

7.1 Institutional Constraints

While institutional constraints on the dissemination of
various RETs have been mentioned in other sections of this report,
constraints on the technologies likely to have the greatest
long-term benefit to the YAR are examined in detail in this
section. These are PV, solar hot water heating, and wind enerqgy
for water pumping. The strategies likely to have the greatest
effect on overall energy consumption and cost are energy con-
servation practices such as proper matching of equipment and
load, and proper operation/maintenance of this equipment. Since
this has been dealt with in previous sections, it will not be
discussed here.

Photovoltaics

From the life-cycle costing analyses given in section
6.3, it becomes obvious that the magniiude of import duties
levied on the RETs has a significant effect on their cost-
effectiveness compared to their least-cost alternatives. RETs
typically have high initial capital costs and low long-term
operations and maintenance costs. The life-cycle cost (LCC)
of diesel systems is more dependent on long-term fuel and

48
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maintenance costs. The analysis of the diesel alternatives

assumed no real inflation of fuel costs, making the diesel

LCC somewhat more favorable than is likely to be the case.

Since import duties on capital goods can range from 10 to 30
percent on a given item, depending on its government classification,
convincing the YARG to let PV equipment qualify for the lower

duty category would result in a significant advantage for RETs.

Currently, the equipment intended specifically for agri-
cultural use qualifies for the 10 percent import duty bracket.
However, PV panels do not presently fall into this category,
even when used for village water supply. Neither do windmills.
Application has been made by the ARCO Solar distributor in
Sana'a to rectify this situation, but no result has been forthcoming.

The argument used to justify the reduced import duty is
that the YARG would in effect be trading a loss of customs
revenues for the increased foreign exchange savings resulting
from fossil fuel import displacement. With the recent discoveries
of gas and oil in the YAR, this argument may lose some of its
impact. It must be borne in mind, however, that it will likely
be five years before these discoveries, if commercially exploitable,
will begin to have an impact on the local cost and availability
of fossil fuels. Yemen will still need to import all of its
refined petroleum products, since there is no refinery to process
local crude oil.

1f people want to manufacture RETs locally, low-cost credit
is available from the Industrial Development Bank. Presently,
there are no company taxes on gross profits for the first five
years of operation. It is very difficult to get foreign exchange
for nearly all commodities except assential foodstuffs, although
this is believed to be a temporary phenomenon. Further, there
are no restrictions on joint venture opportunities. In fact,
Yemeni businessmen insist on foreign management contracts
because of very limited technical and managerial skills available
locally.

At present, only ARCO Solar PV panels are distributed
through a local agency in the YAR. While other U.S. PV manufacturers
(Solarex, Mobil Solar) have made overtures to local business,
distributorships have yet to be finalized. A Mobil regional
distributor is situated in Jeddah, while Solarex has no
distributor in the Middle East. Its closest distributorship
is in Nairobi. Although numerous visits to the YAR have been
made by U.S. manufacturers, they have not pursued the potential
market as vigorously as they might. There are several reasons
for this. First, the U.S. PV market is currently expanding
rapidly. In the pact, manufacturers have been generous with
demonstration projects overseas. Advertising brochures, technical
support in the field, and training seminars for dealers and
distributors were supplied at no charge. With the burgeoning
U.S. market, there is little incentive for the supplier, in
the short term, to continue this quality of support. As long
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as domestic demand is high, longer delays in overseas deliveries
will result.

Second, there is a reorganization underway within the ARCO
Solar distributorship (at present, the only PV supplier with
representation in Yemen). The local dealer in Sana'a had been
working with the regional ARCO distributor in Bharain, who
is being replaced. This arrangement had resulted in the local
dealer being supplied on several occasions with used equipment,
orders with unmatched components, and undue delays in delivery.
Under the new arrangement, the dealer has access to direct
U.S5. delivery through England or Singapore. In addition, a
product engineer from the manufacturer will be in Yemen every
two months for two weeks to give field technical support. Packaged
systems will be made available to the dealer to both simplify
ordering and speed up delivery.

Another point dealers must consider is that an adequate
spare parts supply is crucial to proper customer support. System
components such as charge controllers and batteries, which
tend to be the major sources of difficulty in PV systems, must
be adequately stocked to ensure immediate replacement as required.
It is recommended that any U.S. manufacturer seriously interested
in the PV market in the YAR consider this level of field support.

A third and very compelling reason for the de-emphasis
on foreign sales is the current strength of the dollar. Combined
with the relative weakness of the Yemeni Riyal, consumer prices
for U.S.-manufactured goods are likely to rise. This gives
the advantage to foreign (non-U.S.) competition. In the PV
market, however, only a Japanese manufacturer, Sharp, has
made any overtures to potential distributors in Yemen. This
oversight will no doubt be rectified shortly. Although the
French PV manufacturer, Photowatt, presently has no distributor-
ship in the area, a 250-million-franc commodity import program
has recently been extended to the YAR by the French government,
and Photowatt can benefit from this.

Solar Domestic Hot Water (SDHW) Heating

SDHW heaters have only seasonal application in the Tihama.
In the summer, people tend to take showers in the early morning
so that the water will be warm rather than scalding. In Hodeida,
it is not uncommon to see roof-mounted water storage tanks
shaded from the hot summer sun. SDHW heaters would only be
used in the winters. This could severely affect the potential
economic advantage of solar thermal applications in this region.

In the mountainous areas, the situation is much different.
The high diurnal temperature fluctuations and relatively low
average ambient temperatures, combined with very high levels
of solar radiation, provide an ideal operating climate for
solar water heaters.
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The demand schedule for hot water use is spread throughout
the day, while SDHW heaters operate most efficiently when
demand is highest in the afternoon, when solar collector tanks
normally reach their highest temperature. Potential consumers
would have to adjust their hot water use schedule somewhat
to make the best use of their equipment. It is uncertain whether
this is much of an impediment to widespread use of SDHW.

The main impediment to more widespread use of solar thermal
units is the high initial capital cost. Given the favorable
rate of return on investment for these units, institutional
constraints revolve around the lack of installment purchasing,
insufficient marketirqg efforts on the part of distributors,
and lack of public awareness.

Although the YGEC would like to see its low load factor
(20 percent) increase, the economic cost of using diesel generators
to provide electricity to heat water is considerably greater
than the costs of solar water heating.

Wind Energy Conversion Systems (WECS)

There are at present no distributors or manufacturers
of WECSs in the YAR. The few machines which were installed
in the past are no longer functional. ©No technical field support
was provided for these machines. The principal obstacle in
the path of WECS use at windy sites in Yemen (besides the high
initial capital cost) is the almost total lack of public awareness
of their potential uses. Demonstration projects, backed up
with adequate field support, would be necessary for any success-
ful WECS dissemination program. Both WECS and PV manufacturers
should take full advantage of the upcoming Water Supply and
Renewable Energy Resources Trade Missions to the Middle East,
sponsored by the U.S. Department of Commerce (April and October
1985, respectively) to give potential dealers and customers
an introduction to their systems.

7.2 Financing Possibilities

There are nine commercial banks operating in Yemen with
a total of 38 branches. The total number of accounts is around
30,000, so each branch has, on average, fewer than 1,000 accounts.
Only one Yemeni in 250 has a bank account, an indication of
local liquidity preference and minimal need for banks, not
poverty.

The largest and only Yemeni-owned commercial bank is the
Yemen Bank for Reconstruction and Development. It has 28 branches
and accounts for 85 percent of all commercial bank business.

Most of its equity is government owned. All other banks are

foreign owned or controlled. 1In 1983, allowances and loans
to the private sector totaled 2.6 billion YR, the vast bulk
of it for short-term import financing. Banks have advanced

some medium-term loans for industr.al projects financed by
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outside funds, such as the Japanese and European export guarantee
agencies, but most of them have not+ worked out well, because

the borrowers have lacked the planning and managerial expertise
needed.

There are three specialized government banks involved
in long-term lending. The Industrial Bank of Yemen is the
largest of these; by the end of 1983, it had lent 48.9 million YR
to 26 projects. The Agricultural Credit Bank advanced 137.6
million YR in 1983, of which 63.1 million YR were for medium-term
projects in poultry production and irrigation. The third specialized
bank is the Housing Credit Bank, which gives concessionary
mortgages to qualified buyers.

Current commercial bank lending rates are 15 percent per
annum, while the Industrial Bank charges 12 to 13 percent.
Both the Agricultural and the Housing Credit banks lend at
10 percent.

As mentioned earlier, income distribution in Yemen is
broad and there is a great deal of household liquidity. 1In
1983, for example, the total estimated money supply was 16
billion YR, of which an estimated 10.7 billion YR, 87 percent,
was in currency outside of the banks. Purchases of capital
goods such as wells, pumps and diesel sets are made with cash
in most cases. Suitable PV devices currently selling for less
than 5,000 YR are thought by dealers to be highly marketable
for cash payment terms.

Banks, having high levels of liquidity, would like to
make medium-term loans for equipment purchase, but there is
little demand. Furthermore, in case of disputes, local laws
and tradition favor the borrower over the bank, even in the
case of a YARG bank. People generally prefer to tap family
sources of cash first, then private money lenders and, as a
final resort, the banks.

Investment in renewable energy implies substitution of
future recurrent costs with capital investment now. Although
the front-end costs are high, ideally, long-term loans could
provide an easement of this constraint, given the basic viability
of the investment. In Yemen, people have expectations of high
returns with short time horizons, which may discourage private
investment in renewable energy in certain cases. However,
public-sector organizations have access to long-term concessional
financing, and with respect to investment have a longer time
horizon. For example, the World Bank has stated its willingness
to consider funding a small rural electrification project based
on PV in its next power loan to the YARG, providing that there
is sufficient field experience to lay the basis for the loan.
This means that PV electrical systems installed at sites unlikely
to receive electric grid access in the near future must be
shown to successfully compete with diesel generators based
on detailed LCC comparisons.
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USG Private-Sector Development Programs

AID's Bureau for Private Enterprise can assist potential
U.S. suppliers and investors in the YARG's RET sector in two
ways. First, through its Feasibility Studies Cost Sharing
Program, U.S. firms can be reimbursed up to $75,000 or 50 percent
of total costs of a feasibility study that can demonstrate
any of the following results:

@ Debt or equity investment in a joint venture by a U.S.
sponsor.

e Project sponsor becomes principal supplier of goods
and services to a joint venture partner.

® Project sponsor becomes principal customer or manager
of a joint business venture.

For eligibility, the host-country sponsor must make the
first submission, which must demonstrate that the project has
both a substantial development impact potential and would be
within one of AID's priority development sectors, one of which
is the renewable/alternative energy.

Through the Trade ard Development Program (TDP), AID can
also fund studies that assist U.S. firms to increase U.S. exports,
or maintain their foreign markets in the face of fore:gn
competition. For potential RET marketing activity, the TDP
could finance up to 50 percent of a feasibility study related
to an investment that will lead, in three to five years, to
procurement of U.S. goods and services that are worth 50 times
the value of the TDP grant. This grant must be repaid if the
project goes ahead.

The Overseas Private Investment Corporation (OPIC) can
also provide funding assistance for feasibility studies and
reconnaissance surveys to U.S. investors. To be eligible,
the investment must lead to a long-term or permanent transfer
of technnlogy, capital or equipment to a developing country
for tangible production over a period of time. OPIC may reimburse
an investor up to 50 percent of the costs of a feasibility
study, or 60 percent in the case of a small business (up to
US$100,000) .

At present, however, there seems to be little interest
by Yemenis or American equipment suppliers to tap these U.S.
government incentive programs to promote exports of U.S. equipment
to Yemen.,



8.0 CONCLUSIONS

In order to help reduce energy costs, promote substitution
of expensive fossil fuels, conserve foreign exchange, and meet
ever-growing energy demands in rural Yemen, the following
recommendations are made:

e Firewood--Increasing domestic fuelwood supplies in
the near to medium term is highly improbable. A feasible
near-term response to rapidly depleting fuelwood reserves
is importation of high-grade charcoal.

e LPG (Butagas) and Kerosene--In the near term, lift
current price controls and increase imports of LPG.
In the medium term, expand YOMINCO's, and encourage
private-sector involvement in butagas-bottling facilities
to deal with increased bulk imports and to prepare
for handling of domestic gas as production comes on-line.

e Diesel Engines--Upgrade technical skills of both diesel
mechanics and medium- to large-scale users by an extensive
training, public awareness and demonstation program
directed at increasing the efficiency of diesel (and
gasoline) engines used in transportation, agriculture,
and for electrical generation.

e Grid Electricity--Encourage private-sector involvement
in the distribution of grid power to alleviate the
current imbalance of YGEC's grid generation and local
distribution capacity. Allow bulk purchases of grid
power from YGEC by the private sector for resale at
retail prices to communities without previous grid
connection.

® Renewable Energy Technologies--In order to utilize
the economic and social advantages of applicable RETs,
an extensive program of public awareness, training
and demonstration should be initiated by AID in coordina-
tion with private-sector firms dealing in energy-related
equipment in the YAR. These should specifically address
PV and windmills for water pumping, solar domestic
heot water heating, and PV for rural electrification.

Firewood

Despite extremely high prices, firewood remains the
principal source of energy in rural Yemen. The probability
of increasing domestic supplies in the medium term is near
zero. The only feasible near-term solution to both reduce
costs of energy consumption and to avoid complete desertification
is to import charcoal--a solution currently being recommended
by the World Bank. Currently, high-quality charcoal (better
carbonized than local material) packed in 15- to 20-kg sacks
can be imported into Hodeida for US$180 to $220 per ton cf.
(or 1.1 to 1.3 YR per kg) from Sri Lanka. This is equal to

54
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the current price of local firewood, and less than the 3-4 YR
per kg for local charcoal at Bajil, the wholesale market in the
Tihama. Charcoal briquettes, similar to those used extensively
in the United States, are recommended since they are both easy
to handle and more economical than locally available charcoal.

Future foreign charcoal supplies at reasonable prices
could be assured through regular or forward contracts. YOMINCO
should relegate authority to private-sector firms to do this.
Many sawmills in Southeast Asia produce equal volumes of wood
waste and sawn timber per cubic meter of log, and much of this
wood waste is discarded, representing a grea’ opportunity cost.
A regular charcoal market would present an incentive for these
mills to process their waste into charcoal.

LPG (Butagas) and Kerosene

Imported charcoal can substitute for local firewood in
tannurs and grills. However, LPG and kerosene are much better
cooking fuels, in terms of useful energy per unit of fuel.

In turn, LPG (or butagas) is a far superior fuel than kerosene,
the price of which is forecasted by the World Bank to rise

at a faster pace than other petroleum products. Also, kerosene
must be imported, but LPG will be available locally once the
oil fields are developed.

There is a large unsatisfied demand for butagas. Although
YOMINCO's retail price Is set at 3) YR per 11l.4-kg bottle,
in the countryside the price varies to 45 YR, an indication
of unmet demand in addition to transportation costs. Supplies
can be increased by importing more bottles from Aden, and by
other institutional changes. Presently, YOMINCO is a monopoly
supplier of all petroleum products, as well as of butagas,
and this activity receives low-priority attention in the organiza-
tion. Responsible options might be to: a) create a new public-
sector company that would take over YOMINCO's butagas facilities
and be exclusively involved in LPG importation and distribution,
or b) allow the private sector to import and distribute LPG
under competitive market conditions. The private sector will
only be interested if the current price ccntrols on butagas
are lifted. VYOMINCO sells butagas below cost because the YARG
wants to keep cooking fuel prices low, but people already pay
much higher prices for alternate fuels, mainly fuelwood. YOMINCO's
inability to expand supply to meet demand perpetuates this
anomaly. Rather than subsidize butagas consumption, the YARG
would benefit the population more if it accelerated butagas
market penetration to lessen dependence on expensive and scarce
fuelwood. This can be done by involving the private sector
to supplement the capacities of YOMINCO, and requlating reasonable
profit margins. People have shown that they are prepared to
pay more than the present YOMINCO price for butagas in order
to avoid even higher prices for fuelwood. A
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Diesel Erngines

Next to fuelwood purchases, the rural areas' biggest energy
bill is for operation and maintenance of tractors, pumps,
generators and transportaticn. In Yemen, there are currently
over 20,000 tractors, over 100,000 pumps, and even more generators
(in 1981 alone, 43,000 generator sets were imported). Almost
all these are diesel driven, and oversized for the actual
load demand. 1In the past 10 years, Yemeni agriculture has
moved from centuries-old minimal-input subsistence agricultural
production to energy-intensive mechanical technology. The
availability of diesel fuel and engines, to say nothing of
automobiles and trucks, has far outstripped the capacity to
adequately operate and maintain this equipment. Consequently,
rates of operational wastage and scrapping are excessive. The
World Bank study estimated 1982 diesel fuel consumption in
rural areas for electrical power, pumps and tractors at 112,000
tons. With the cost of diesel in rural areas estimated at
1,500 YR per ton, a mere 10 percent saving in fuel consumption
alone would generate annual savings, at 1982 levels, of 16.8
million YR or US$2.8 million, growing at 10 percent per year
until 1991, and five percent thereafter, according to the World
Bank's projections.

The only way to improve equipment use efficiency is by
training, public awareness programs and demonstration. Proper
knowledge of equipment operation not only will reduce annual
fuel costs, but also reduce down time, and expenditure on spare
parts and initial investment. There is a tendency to buy oversized
machines on the assumption that bigger is better. Thus a modest
effort in technical assistance in proper sizing, operation
and maintenance of diesel engines is justified, and strongly
recommended. The benefits of upgrading rural mechanical skills
will also spill over directly into the transportation sector,
which consumed 161,000 tons of diesel in 1982.

Grid Electricity

Currently the grid only reaches five percent of the rural
population, and 20 percent is the most that will likely be
reached by the year 2000. Half of the villages will never be
reached by the grid, under current technical parameters, because
of distance and the topography. Autogeneration in the countryside
is estimated to have totaled 242 GWH in 1982, against the YGEC's
output of 117 GWH. However, electricity from diesel generators
in rural Yemen is expensive, costing 3-5 YR per kWh compared
to 1.5 YR per kWh from the YGEC. Furthermore, the YGEC has
pursued an unbalanced investment program, such that it now
has excessive generation and trunk transmission capacity, but
cannot sell the available power because of inadequate distribution.
Currently, considering the YARG shortage of investment funds,
the only viable near-term solution, as with LPG, is to bring
in the private sector, which has excess liquid assets. Local
private investors can be encouraged to establish and operate
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electric distribution systems, buying power from the YGEC at

bulk rates for resale at a price adequate to assure an acceptable
return. Local private funds can be supplemented or leveraged
with external sources, particularly from the Islamic banks.

This option should be attractive to the YGEC, since it would
greatly reduce its maintenance, bill collecting, and other
administrative costs and problems per unit of incremental
electricity sold, while also reducing the investment needed

to attain these sales levels,

Renewable Energy Technology Applications

RETs offer considerable promise in rural Yemen as a sub-
stitute for diesel sets, displacement of electrical and fuelwood
use in water heating, and increasing thermal comfort levels
in buildings. Domestic solar water heating systems are currently
economically attractive. Photovoltaics are economical for
pumping village drinking water from low heads, as are windmills
at specific sites where there is an adequate wind regime. A
30-station anemometry network should be installed to complement
existing wind-monitoring efforts by CAMA in order to provide
the necessary information for planned expansion of this technology.
In the Tihama, windmills may also be economical for small-~cale
irrigation. In many upland locations, PV can be economical
for meeting small-scale village electrification needs. This
is an area of great promise, given that half the villages have
no prospect of ever being linked to the grid. The main uses
for this power would be for radio-telephones, lighting, televisions,
drinking water supplies, ventilation fans, wet-cell battery
charging, and vaccine refrigeration for rural health clinics.

One application where PV is undoubtedly economical, and proved

so, 1s in microwave telecommunications (the MTC has a program

of installing PV in all its relay and village sites, and is

now the largest buyer of photovoltaics in Yemen). A particularly
cost-effective application is PV recharging of small NiCad batteries,
which could replace ordinary dry-cell batteries in portable
appliances. Over 100 million small dry cells are purchased

each year in Yemen.

In order to utilize the economic and social advantages
of RETs, a public awareness, training and market demonstration
effort is needed. This exercise would hasten the commercialization
of RETs, and is recommended on the basis of experience in other
countries. It could also integrate the training suggested
for improving efficiencies in diesel-powered equipment and
could work through existing AID projects, as described in the
following section. '
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9.0 PROJECT RECOMMENDATIONS

9.1 Ongoing AID Project Activities

AID donor assistance to the YAR concentrates in the agri-
culture, education, water and health sectors. At this time,
agriculture accounts for over 60 percent of the total AID
program. The agriculture development support project involves
poultry improvement, horticultural improvement and the creation
of a secondary agricultural high school. Planned future project
activities include on-farm irrigation demonstration and
institutional strengthening of the Faculty of Agriculture,
University of Sana'a. Currently, all agriculture project
activities are implemented by the Consortium for International
Development (CID).

Education sector activities currently account for 30
percent of AID program resources, concentrating on teacher
training with institutional support provided by Eastern Michigan
State University. AID has just completed a sector assessment
and will review its mode of operation in the education sector.

The Rural Water Supply (RWS) Project is the focus of
AID assistance in this important sector. Implementation of
the project is carried out jointly by the New TransCentury
Foundation and the U.S. Peace Corps, in collaboration with
local development associations which contribute an average
of one-third of the cost of local work. Project activities
include installation of domestic water supply systems, diesel-
pumped wells and gravity-fed systems, training of local contractors
in proper installation, and training of local system beneficiaries
in necessary operation and maintenance procedures.

Health sector activities are currently implemented under
the Tihama Primary Health Care Project, which provides essential
support services to 32 clinics in the Tihama.

The RWS project would provide an appropriate vehicle
for near-term AID involvement in RETs. Necessary funds are
currently available within the project budget for such activities
as installation of solar hot water heaters at two horticultural
stations currently operated with CID technical assistance.
One of these stations is located in the Tihama, where the
wind regime would likely make it feasible to demonstrate the
use of water-pumping windmill technology. With the exception
of the Tihama Primary Health Care Project, which could benefit
by the provision of three or four solar-powered vaccine refrigerators,
other AID projects' technical scopes do not readily provide
for interventions requiring the use of RETs. The work plan
for 1985-1989 activities of the RWS project includes a major
effort at strengthening the capacities of the YARG Rural Water
Supply Department, construction of 100 rural water systems,
and training. The project will involve between five and nine
expatriate advisers, 30 Yemeni technicians, and eight to 12
Peace Corps engineers. Project management has demonstrated
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interest in experimenting with various RETs, particularly

PV and windmills. They are most interested in determining

the cost-effectiveness and social acceptability of RETs, relative
to diesels.

The Peace Corps has previously been involved with the
introduction of RETs into Yemen. More than 20 Peace Corps
volunteers (PCVs) are engineers and construction supervisors
working with the RWS project and the Supreme Council for
Earthquake Reconstruction. Through these activities, PCVs
have installed many diesel-driven water pumps on boreholes,
built gravity-fed water supply systems, installed solar hot
water systems, and assisted in the design and construction
of many new hcmes in the Dhamar area. Other PCVs have designed
several passively cooled school buildings in the Tihama. The
YARG has expressed interest in having Yemenis trained in engine
and pump maintenance through curriculum development and teaching
activities at vocational schools.

Thus, both the technical thrust and the expressed interest
of the RWS project management and the Peace Corps in Yemen
suggest an ideal partnership and mechanism for implementation
of immediate-future AID RET work. There will be a requirement
for additional technical advisory services of those highly
familiar with the range of wind and solar technologies and
equipment. These projected technical assistance requirements
form the basis of an Energy Planning, Applications and Training
Project, outlined below.

9.2 Energy Planning, Applications and Training Project

The purpose of this project is to help reduce energy
consumption and costs by reducing waste and inefficiency in
rural areas through public awareness programs, skills training
and introduction of certain cost-effective appropriate technologies.
The prime objective of this project is to develop an appropriate
range of capabilities in the private sector within a fixed
time period, and to provide energy planning expertise to the
Central Planning Organization (CPO). Project inputs and activities
would be:

l. Training of PCVs and others who will in turn train
Yemeni mechanics in system load matching and proper
maintenance procedures for diesel engines, pumps,
tractors and generators that are commonly used in
Yemen. Training to be done on distributors' premises,
in vocational schools and at other sites that Peace
Corps and RWS will select in the planned future program
of work.

2. Equipment supply aad performance monitoring of 10
PV and 10 wind pump systems at appropriate sites
throughout the country. Installation and training
to be done by PCVs and other foreign volunteer personnel
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under the RWS project. The equipment costs would
be in addition to the RWS project's present budget.

3. Supplying of PV systems for small village electrifi-
cation (approximately 3 KW) at 10 suitable locations
throughout the country. Installation, maintenance
and monitoring to be done by MCT in conjunction with
its ongoing program of replacing diesel generators
with PV systems at village telephone offices. The
new project will supply the required PV power supply
equipment for lighting and telecommunications.

4. Preparation of marketing and technical materials,
especially video cassettes, that deal with equipment
sizing, operation and maintenance for diesels and
RETs. In addition, frequent lectures and instructional
sessions will be arranged through the private sector
and local development associations (LDAs).

5. Provision of discrete assistance in design, training
and marketing in such areas as LPG-fired tannurs,
solar hot water heaters, energy-conserving architecture
and other appropriate energy technologies.

6. It is suggested that expertise be provided through
this project to establish new LPG distribution
companies and local (private and LDA) grid electricity
distribution companies, using local, private resources
in partnership with external Arab funds and Islamic
banks.

7. Energy policy and planning technical assistance to
the CPO. It is recommended that the project supply
two full-time energy specialists to assist the CPO.
One specialist would be an energy economist who would
work with CPO personnel in constructing the required
data base to carry out comprehensive analyses covering
the whole energy sector and its linkages into the
rest of the economy. The second specialist would
have a petroleum background, and would concentrate
on the constraints and opportunities in the oil and
natural gas sectors identifying the potential invest-
ment and manpower requirements for appropriate develop-
ment of this important resource.

Project Implementation

The project would be implemented in two phases . The
first phase, commencing at the beginning of FY86, would supply
appropriate RET equipment and technical assistance to the
RWS project and the Peace Corps. The inputs would consist
of short-term consultants and the equipment needed to install
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and monitor five PV lighting, five PV pumping and four windmill
systems. There would also be some provision for training
Yemeni staff directly involved with the operation of these
systems. The Phase One budget is estimated at US$845,000),

and is detailed in Table 6.

The second, much broader phase of the project would begin
in FY88 and would last four years. The total cost of this
phase is tentatively estimated at USS$6,887,500, with the bulk
of the resources going into long-term technical assistance
to both the public and private sectors (312 person-months).
There would also be the installation of an equal number of
RET systems as in Phase One. The cost break-down is given
in Table 7. The chief of party would have a technical background
with extension experience, and the energy economist and petroleum
specialist would be advisers to the CPO. The RET engineer
would backstop all the systems installed by the project, prepare
the necessary training and marketlng/demonstratlon materials,
and generally promote RETs in the Yemeni private sector. Trainers
would train PCVs and Yemeni technicians in the proper maintenance
of diesel equipment, using the vocational schools and dealer
premises. There are also 24 person-months of short-term consulting
to cover discrete assistance as needed. The YARG host agency
would be the CPO.

Total project costs, covering both phases over six years,
would be approximately USS$S6,862,500.

The project would achieve the following outputs over
its two phases:

"® establish the technical, commercial and social viability
of RETs for rural Yemen;

e develop a market for appropriate U.S. technologies,
particularly PV systems;

e reduce costs, increase energy conservation and improve
capital utilization and efficiency of diesel engines
through training in sizing, operation and proper
maintenance procedures (the resulting cost savings
would be both in the form of dramatically increased
return on investment and 1ncreased disposable incomes
in the private sector);

e improve YARG's capacity to plan public- and private-
sector energy investment in rural Yemen, particularly
in mobilizing local private investment in rural-based
energy production and distribution.
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Table 6

Phase One Estimated Budget:*
Energy Planning, Applications and Training Project

Cost in U.S. Dollars

Personnel
PV Engineer -- 8 person-months 120,000
Windmill Engineer -- 6 person-months 90,000
Other (pumps, tannurs, etc.) -- 4 person-months 60,000
Participant Training Consultants -~ 8 person-months 120,000
SUBTOTAL $390,000
Commodities
5 3-KW PV Lighting Systems @ $36,000 180,000
5 PV Pump Systems @ $25,000 125,000
4 Windmills @ $20,000 (including instrumentation) 80,000
Miscellaneous Equipment 50,000
SUBTOTAL $435,000
Participant Training 20,000
SUBTOTAL $20,000
TOTAL PHASE ONE COSTS $845,000

*Budget does not include estimated cost of personnel and other contributions
of the U.S. Peace Corps and RWS project, and is in addition to funds already
budgeted and obligated to those organizations. Budget does not include
YARG contributions.
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Table 7

Phase Two Estimated Budget:
Energy Planning, Applications and Training Project

Cost in U.S. Dollars

Contract Personnel

1 Chief of Party @ 48 person-months x $15,000 720,000
1 Energy Economist @ 48 person-months x $15,000 720,000
1 Petroleum Specialist @ 48 person-months x $15,000 720,000
1 Engineer/RET Specialist @ 48 person-months x $15,000 720,000
2 Trainers @ 48 person-months each x $15,000 1,440,000
Short-Term Consultants -~ 24 person-months 3€0,000

SUBTOTAL $4,680,000

Commodities

5 PV Pumping Systems @ $30,000 150,000
5 PV Lighting and Telcom Systems @ $36,000 180,000
4 Windmill Systems @ $20,000 80,000

Miscellaneous Equipment, Meteorological Stations,
Training Aids, etc. 150,000

SUBTOTAL ' $560,000

Local Support 250,000
SUBTOTAL $250,000

otals: Contract Personnel, Commodities, Local Support $5,490,000
Plus 15 percent conti-gency: 823,500

Plus 10 percent inflation
(not incl. contingency): 549,000

TOTAL PHASE TWO COSTS $6,862,500
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