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Life in the rural world is increasingly affected 
by the conditions under which basic energy 
needs are met at the individual, and farm or 
village level Rural populations, and in parti
cular the rural poor, are deeply affected by a 
dual energy crisis, i.e., higher and higher 
prices for petroleum products and the drama
tic depletion of fuelwood supplies and short
age of crop residues and animal wastes at the 
village level Basic energy needs for rural 
populations include thermal energy (essential
ly for cooking, but also for shelter and water 
heating and for crop drying), mechanical 
energy (for water pumping for village needs, 
pastoral agriculture and irrigation, transport, 
small handicraft industries, and agricultural 
machinery) and electrical energy (for lighting 
and small industries) 

This paper first presents, in general terms, the 
broad aspects of the energy issue in the rural 
world; second reviews the state-of-the-art with 
regard to Renewable Energies (RE) techno
logies and their likely contribution towards 
meeting rural energy needs; third analyzes 
three applications of RE technologies of 
particular relevance to the changing rural 
habitat, namely the design and introduction of 
improved wood stoves (an example of a 
simple, locally-adapted technology requiring 
individual participation and involving self-help 
construction with a substantial impact on 
family energy savings), the establishment of 
village woodlots (the case for community 
development and agricultural technology to 
meet rural energy needs), and the use of 

passive solar designs and concepts for housing, 
farms, and village buildings. Fourth, it ex
pands on the impact which RE technologies 
could have on the rural habitat and the rural 
life in general. Fifth, it proposes some broad 
orientation for research and development 
Finally, sixth the paper offers some con
clusions and recommendations for action. 

In short, the paper looks at the changing rural 
habitat (including in the broad sense of the 
term, rural production systems, farm and rural 
community organization, housing and com
munity building construction and local en
vironment) from the energy angle, most likely 
an increasingly dominant factor in achieving 
comfort, health and increased income in 
today's rural world It also concludes that the 
act of designing and building for the rural poor 
should increasingly take into account the 
many local production, organizational, and 
environmental factors of which energy is a 
major one. It ventures to suggest the new 
concept of the "total rural architect, "who is 
first a surveyor of the social and economic! 
agriculture scene; second, aware of energy 
issues as they affect rural life and only thirdly a 
designer and builder always conscious of the 
need for self help and mass diffusion, when 
building for the rural poor 



Energy Needs and Issues in the 
Rural Sector 

The traditional energy sources in rural areas, 
other than products which a rising number of 
rural poor cannot afford, include first (and 
most importantly) fuelwood, second, agri
cultural and crop residues, third, animal and 
to a certain extent human wastes, and fourth, 
animal and human power 

The threat of deforestation has led to the 
"Second Energy Crisis." The Oil Crisis of the 
70's made world headlines; yet today, for 
more than one third of the world's population, 
the real energy crisis is the daily scramble to 
find wood to cook dinner, and to obtain 
warmth in winter The search for wood, which 
was once a simple chore, can now take several 
hours to a full day oflabor, as forests recede. 
About 250-300 work days per year are re
quired for fuelwood collection, in such 
countries as Nepal and Tanzania. In Upper 
Volta camels, and thousands of carts, are 
diverted, from the transportation of agri
cultural commodities, to carrying wood. The 
wood itself is basically "where you find it, if 
you find it." 

Some two billion people (70% of the popula
tion of the developing world), depend on 
biomass in the form of wood, crop residues 
and animal wastes which are being consumed 
much faster than they can be renewed - to 
meet their most basic energy needs of heating 
and cooking. In Central and North Africa, 
65% of energy requirements are met by 
fuelwood and crop residues; in China and 
Bangladesh 75%, in Nepal and Tanzania 
90%. Forests are decreasing at an alarming 
rate (loss of some 15 million hectares per year) 
and the concomitant use of animal manure 
(dung) as a fuel deprives the soil of valuable 
nutrients which leads, in tum, to approxi
mately 20 million tons of foregone grain 
production per year. All of this leads to an 
ongoing crisis of deteriorationand destruction 
of a fundamental resource base for the poor. 
The following table shows how people are 
affected by the fuelwood deficits 

Renewable Energies and Changing Rural Habitat 

Population Involved in Fuelwood Deficit 
Situations (People: million) 

Situation Rural Urban' Total 

Acute Scarityl 

Deficit 
Prospective Deficit' 

IUO 
850 
800 

2U 
150 
200 

J AfTica, mountains areas of Himalaya, 
Andean Plateau and othels 
2 People living in urban centel s situated in 
fuelwood deficit QI eas 
1 Whele deficit will occw by vear 2000 

120 
1U00 
1U0U 

Most traditional fuel resources serve many 
purposes: leaves and twigs for fodder or 
firewood; trees for fuelwood or building 
materials; crop residues for animal feed, 
compost, fuel or soil nutrition; dung for 
fertilizer, fuel or feedstock In addition, 
economic and social factors add to the com
plexity of the problem. Many fuels do not 
enter cash markets, and complex service/ 
exchange relations are involved; regulations 
(such as the requirement to bum crop residues 
to control diseases) and local conditions such 
as fuelwood being unavailable at one place but 
plentiful at another some distance away, may 
prevent the poor from essential access to 
energy resources 

. The basic village requirements are heat, light, 
shaft power and other forms of mechanical 
power, fertilizers, and communication. Im
provements in meeting these basic require
ments could come from the following three 
sources 
• energy source modification/addition, by de

veloping energies not currently available at 
village level, such as wind, small hydro and 
solar systems; 

• change and improvement in end-use devices, 
such as improving the efficiency of stoves 
and bullock carts; 

• development of new conversion techno
logies, such as biogas plants and photo
voltaic cells. 

The developing countries are at an advantage 
in developing RE's resources. They ate well 
endowed with solar radiation and biomass; 
and RE technologies can be exploited on 
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small-scale and decentralized bases. In addi
tion, much RE equipment is suitable for local 
manufacture 

The basic RE's resources include: solar 
energy, green plant energy, wind energy, and 
hydraulic energy These energy resources are 
usually site specific, and vary greatly according 
to weather, season, time, and location. 
Equipment using solar and wind energy does 
not function in a "permanent" manner and 
therefore the need for energy storage arises. 
Also, the functioning of this equipment de
pends on the intensity of solar radiation and 
wind speed Similarly, hydraulic energy - still 
largely untapped - depends on meteorologi
cal conditions Green energy, including both 
the calorific energy contained in dry plants, 
and the chemical energy stored in plants 
through photosynthesis, is subject to the usual 
vagaries of nature and how they affect 
agriculture. 

A better understanding and management of 
rural energy systems is a prerequisite to the 
successful development and diffusion of RE 
technologies. The knowledge of energy 
balances at the farm and village level has to be 
improved, in order that better analyses of the 
trade-offs between various forms of energy, 
and the determination of an optimum mix, 
can be achieved In particular, there is a need 
to develop integrated rural energy systems at 
the farm and runil community level, able to 
meet energy requirements by combining in an 
optimum fashion renewable and conventional 
feedstocks and technologies. Other major 
obstacles to diffusion of RE technologies are 
the weakness of extension services and popu
lar acceptance. Planning, programming, bud
geting, and basically moving from laboratory 
research and fertile but limited private initia
tives, to carefully prepared sector programs 
and projects are prerequisites to the realiza
tion of RE potential in rural areas. 

As a dominant factor in rural energy systems, 
one should recognize that agriculture, which 
has traditionally ben considered as a user of 
energy, is now becoming a major source of 
energy in the form of forests, agricultural 
residues, and specifically-bred crops, thereby 
presenting the other dilemna of fuel, versus 
food, crops 
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Renewable Energy Technologies 

The State of the Art 

This section reviews the various RE techno
logies available today and attempts to evaluate 
their significance from the point of view of 
their economic costs and benefits and their 
impact on the rural life in developing 
countries. It successively deals with biomass
based technologies, energy conservation and 
efficiency use, solar technologies, mini hydro 
power generation, and wind energy. Table 1 
provides a Summary List of Renewable 
Energies, percentages given in brackets are 
rough estimates of the relative (by 1990) 
contribution of the various technologies in
volved to the energy supply from RE sources. 

Biomass Based Technologies 

Biomass basically includes forest and fuel
wood resources, crop and agricultural resi
dues, and animal waste. It merits special 
consideration because of its importance and 
versatility; biomass is a prime resource in 
meeting basic energy requirements of the 
poor; it is convertible into solid, liquid, and 
gaseous fuels, and biomass fuels can be 
produced either on large or small scale and 
therefore concern both the disseminated and 
the organized rural sector. Agricultural tech
nology for biomass production is developing 
fast. It includes biomass production technolo
gies which do not compete with food or cash 
crops; research on fast growing species of trees 
for fuelwood production; development of 
energy oriented crops such as sugarcane, 
cassava and sweet sorghum; use of vegetable 
oil as diesel fuel; and improved harvesting and 
briquettingl pelletizing of agricultural residues. 

1) Solid fuel production from biomass basi
cally includes (apart from fuelwood itself) 
charcoal, wood chips and pellets, and animal 
dung. Charcoal production and use is one of 
the most efficient technologies for getting 
more calories out of wood. Charcoal can be 
handled and transported more economically 
than wood and is the most widely used 
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household fuel in urban areas. It also allows a 
higher efficiency of charcoal stoves. Programs 
for accelerating charcoal production have 
been launched in various countries and those 
introduced in Brazil are leading examples. 
Charcoal is produced by pyrolisis (i.e., appli
cation of heat with insufficient oxygen, essen
tially obtained by covering wood with a layer 
of dirt). Various improved technologies which 
allow higher conversion efficiency have been 
developed; they include earthern kilns of 
simple or advanced designs and sophisticated 
automatic retorts or furnaces or portable steel 
kilns. Chips and Pellets produced through 
briquetting and pelletizing of selected biomass 
resources (such as wood chips, sawdust, rice 
husks ... ) constitute a fast growing source for 
solid fuel. 

2) Liquid fuel technologies include the pro
duction of Ethanol and Methanol as gasoline 
substitute and vehicle fuel. Ethanol (Ethyl 
Alcohol or "grain alcohol") can be produced 
from sugarcane, sugar beets, molasses, and 
other biomass. The technology is now fully 
commercial and Brazil has launched a large 
program of ethanol production to partially 
replace gasoline in motor vehicle use. 
Methanol (Methyl Alcohol or "wood alco
hol") can be produced by distillation of wood 
as opposed to the usual synthesis from carbon 
monoxide and hydrogen (from natural gas or 
coal). Methanol is not considered to have 
much potential as a vehicle fuel. It is techni
cally feasible to replace substantial volumes of 
petroleum with ethanol, but economics vary 
considerably according to local conditions and 
type of biomass. Ethanol production is cer
tainly justified in the following circumstances: 
where large amounts of sugarcane and other 
biomass are produced at low cost!; and where 
surplus molasses is available. However, these 
technologies mostly concern the organized 
rural sector since they involve scale opera
tions. 

3) Gas fuels technologies based on biomass 
are commercially proven and include biogas 
production through anaerobic decomposition 
of organic materials (which gives a mixture of 
gases containing about 55/65% of methane) 
and the manufacturing of "Producer Gas" by 
pyrolisis or gasification (i e , the partial com-

bustion of wood and materials such as saw 
dust, rice husks and nutshells. Biogas can be 
mostly used for family or farm lighting and 
cooking and small diesel engines (stationary or 
mobile, such as trucks). Producer gas can 
serve as a fuel to provide energy for process 
heat, motive power, and electricity genera
tion. Producer gas can also be used in internal 
combustion engines and appears to be a less 
expensive alternative to steam plants in speci
fic circumstances, especially in small unit sizes. 
In rural areas with ample wood supplies, small 
power plants buming wood either directly or 
in gasified form might produce electricity 
more cheaply than diesel plants. 

4) Biogas is obtained through a fermentation 
process in a digester, basically a sealed 
container filled with water and waste ma
terials. The process by which biogas is pro
duced is complex and involves the action of 
two types of bacteria. Biogas production is 
sensitive to temperature, acidity or alkalinity 
and to the type of feedstocks used. Biogas is 
usually produced under low pressures (and 
therefore the distribution network is limited) 
and is corrosive. With suitable adjustments 
most appliances made for natural gas and 
bottled gas can be adapted for use with biogas; 
they are essentially special types of clay 
burners and lamps. Biogas can be used to run 
internal combustion engines without modifi
cations. The sludge remaining in the converter 
retains with degradation the nitrogen and 
other nutrients present in wastes, and thus 
helps resolve the problem of fuel versus 
fertilizer conflicting uses. Three families of 
designs have been developed. They can be 
distinguished by means used to cope with 
variations in the quantity of gas in storage and 
the type of construction and material used; 
they are the floating gas holder type (Indian); 
the dome type (Chinese); and the bag type. 
These technologies are shown in Figure 1. 

China and India both have large-scale biogas 
programs. The Indian program involved 
technical assistance and subsidies on construc
tion costs and reportedly resulted in the 
construction of some 37,000 plants. The pro
gram was criticized on the grounds that the 
benefits from the units initially promoted went 
to the relatively wealthy families who had the 
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Floating Gasholder Type (Indian) 
Gas cap adjusts to changes in 
volume 

Fig. 1 Biogas Digesters (Indian and Chinese Designs) 

Source Roger Carmignani 

cattle, land, and credit needed to build and 
use them. These units cost Rs. 2,000-3,000 
(US$240-360), i.e., several times.the average 
annual income per capita in rur;!l areas and 
reduced the availability of free dung, so that 
the program had in fact a negative impact on 
the real income of the poorest groups. The 
program is now giving greater emphasis to 
community-sized plants. In China, biogas was 
one of the technologies promoted in the 
"Great Leap Forward" program of 1958-1960, 
but reportely was not used on a widespread 
basis until the 1970's. Today, over seven 
million biogas digesters have been built in 
China Most of these are family-sized units of 
6 to 9 m3

• The Chinese designs are simple and 
well adapted to do-it-yourself construction and 
require a cash outlay equivalent in Chinese 
prices to roughly one quarter or one third the 
average annual per capita rural income. A 
large part of the credit for the Chinese success 
with biogas is also due to an intensive ex
tension effort. 
Most of the other Asian developing countries 
have from ten to a few hundred biogas plants 
in operation. They appear to be very success
ful in the Republic of Korea (where they are 

not operated during the winter) as opposed to 
China which has not apparently mastered low 
temperature biogas production. There, as in 
China, the main feedstock is pig manure, 
which has some technical advantages over cow 
dung. 

While China's success with biogas digesters 
undoubtedly owes much to the development 
of low cost designs, the Chinese experience 
also serves to underscore the crucial role of the 
socio-cultural environment and of effective 
institutions in the dissemination of biogas 
technology. The Chinese farmers' traditional 
concern with maximizing the value of all 
resources at his disposal, the fact that manures 
have long been intensively utilized in agricul
ture and the long standing practice in many 
areas of collecting night soil in underground 
tanks, no doubt all helped to create an 
especially propitious environment for the 
adoption of the biogas digesters in China. In 
addition, the rapid dissemination of biogas 
technology undoubtedly reflects the high de
gree of organization in the rural sector, in 
general, and the effectiveness of the country's 
extension-type services in disseminating in-

formation about biogas digesters and their 
construction, in particular. 
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There is clearly a need to broaden the base of 
experience to assess the impact on biogas 
economics of the less-costly Chinese designs. 
A preliminary investigation of the cost of 
reproducing the Chinese designs in other 
developing countries, based on the reported 
material and labor requirements, indicates 
that the capital cost of a family-sized unit 
would in many countries be anywhere from 
55-75% lower than one constructed on the 
Indian model. Practical experience with 
community generators has been very limited 
(although a few are reported to be operating 
in Korea and India) but the concept appears 
to warrant further exploration. The economic 
case for biogas is likely to be strongest where 
large digesters are operated as part of com
mercial scale livestock, dairy, poultry or swine 
raising operations. 

5) Producer Gas is obtained through com
bustion and pyrolitic gasification of biomass 
when wood or other carbonaceous material 
(straw, nut shells, coal, bark and rice hulls) is 
heated sufficiently in the presence of moisture 
and limited amounts of air, the water and 
carbon will react to form carbon monoxide 
and hydrogen in a combustible gaseous mix
ture known as "producer gas." Producer gas 
typically has a fuel value about one-sixth that 
of natural gas. Producer gas can be burned 
under boilders, and used as fuel in internal 
combustion engines. It can also be used to fuel 
vehicles either by using a small, portable 
generator or by compressing the gas into 
cylinders. It is produced on a commercial basis 
from rice hulls, cotton gin trash, saw mill 
residues, and from wood and coal as well. For 
example, the SEMRY rice mill in Cameroon 
will obtain its electricity from diesel engines 
running on gas produced from rice husks. It 
has been assessed that this system wiU be less 
expensive in terms of both first cost and 
life-cycle costs than a conventional boiler and 
steam-turbine system. Another project, a 
lumber mill and associated township in 
Guyana, is to get electric power from a similar 
system operating with saw mill wastes The 
cost of the 6MW power station component in 
the Guyana project was estimated to be 
competitive. 
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6) Wood Fueled Power Plants appear 
economically promising and viable as com
petitors to diesel where there are adequate 
firewood supplies which can be assured for the 
life of the plant, at costs of $15-20 ($75-120 
toe). They are, in fact, common practice in 
saw milling and pulp and paper industries. 
Wood fueled power plants of 30-55 MW exist, 
but they would be most competitive in rela
tively small plant sizes. The optimization of 
wood fueled power plants involves: plant 
economies of scale, availability of wood 
supplies, transport costs and power distri
bution. 

Research in recent years has also been con
ducted on energy conservation and in particu
lar on efficient end use technologies. Such 
research covers a large array of fields such as 
improved wood stoves, more efficient use of 
energy in transportation in various transport 
modes and combustion engines, agricultural 
implements and cultivation, electricity delivery 
and passive solar design for buildings. The 
case of improved wood stoves and passive 
solar designs, and their impact on rural 
habitat, is dealt with in detail below. 

Solar Technology, Mini-hydro Power 
Plants and Windmills 

The technologies discussed in this section are 
solar water heaters, solar driers, photovoltaic 
cells, windmills, and small hydroelectric units. 
Solar water heaters would replace electricity, 
wood or coal and bottled gas. Solar driers, 
depending on the circumstances, would re
place either fuelwood or commercial fuels 
previously used to dry crops or certain other 
products such as fish, in order to reduce 
spoilage and improve the product. The other 
technologies in this group are all primarily of 
interest as potentially cheap sources of small 
amounts of mechanical or electrical power in 
remote or isolated areas that have a suitable 
resource base. In some cases, these technolo
gies would be used for traditional tasks such as 
grinding grain and pumping water and thereby 
liberate human and animal power resources 
for other activities. In others, they would be 
used to provide modem services such as 
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lighting, refrigeration, and telecommunica
tions. 

1) Solar Water Heating by means of flat-plate 
collectors is the solar technology that is most 
ready - technicallY, economically, and 
commercially - for widespread application. 
Water heating is not a major item in any 
country's energy budget, but it does account 
for significant amounts of energy in middle 
income countries. Solar water heaters have 
been widely used for some time in Australia, 
Israel and Japan. In developing countries, 
actual use still seems limited and scattered. 
The interest in solar heaters is now growing 
rapidly. Various adapted technologies are 
being developed and water can be both heated 
and stored at a cost considerably less than for 
conventional systems. Solar collectors may 
also offer an economic means of meeting the 
need for low and medium temperature pro
cess heat in industry. F1at-plate collectors of 
sophisticated design using specialized ma
terials can produce temperatures in the 90°C 
range that are sufficient for a variety of 
industrial processes. Focusing or concentrating 
collectors are used to obtain temperatures 
above about 100°C. Solar industrial process 
heat systems of both the flat-plate and con
centrating types are being developed, tested, 
and demonstrated. 

2) Solar Drying includes techniques as simple 
as laying or hanging the material to be dried 
outdoors. Controlled drying in an enclosed 
space may be worth the cost for delicate, 
high-value products such as fruit, tobacco, or 
fish, where space is a limitation, or where 
there is too little sun. The use of solar 
equipment for controlled drying has been 
demonstrated for meats, fruit, vegetables, 
grain, tobacco, and timber in a number of 
countries (e.g., Australia, Brazil, Colombia, 
India, Syria and the United States). In some 
cases, the solar drier has a transparent roof 
and functions as a greenhouse. In others, air is 
heated in a solar collector and moves by 
convection to the drying area. 

3) Photo voltaic (PV) cells convert solar ener
gy directly into electricity. They appear tech
nically well suited for application in many 
developing countries. The cost of photovoltaic 
electricity is falling, but is still at levels (of the 
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order of US$2lkWh) that makes it com
mercially viable only where relatively small 
amounts of power are needed in remote 
locations. The use of photovoltaics to meet 
larger-scale power needs is being demonstra
ted by aid agencies in a number of village 
electrification and irrigation projects in deve
loping countries. Figure 2 presents schematic 
diagrams for both PV and thermal water 
pumping. 

Most PV cells manufactured today are made 
from extremely thin slices of high-purity 
silicon crystals. Cells made with other ma
terials or with amorphous (non-crystalline) 
silicon may come into wider use in the future. 
Solar cells are generally rated in terms of 
"peak" power - the number of watts that can 
be produced under nearly optimal terrestrial 
conditions. In such sites it takes an array of 
about two square meters of photovoltaic cells 
to produce one kilowatt hour a day, so 
sizeable arrays are needed to produce even 
modest amounts of power. As indicated the 
price of PV equipment is falling. Prices for 
arrays of PV cells are quoted today in the 
US$lO per peak watt range and it is generally 
assumed that the PV array costs will drop in 
the next few years. However, total system 
costs are unlikely to fall within the next five 
years to below about US$lO per peak watt 
(e.g. US$3 for arrays and US$7 for balance
of-system costs). At this level, PV power 
would still cost about 50 US centslkWh in a 
location providing five peak hour equivalents 
per day This might make photovoltaic power 
competitive for low-lift, small farm irrigation 
and village water supply pumping require
ments in some cases since small conventional 
generators produce electricity at an estimated 
cost of 40 to 45 US centslkWh. However, it 
appears that PV power is unlikely, at least in 
the medium term, to be competitive with 
either conventionally-generated power or 
other renewable sources for village electrifica
tion and large-scale irrigation pumping. As 
costs are reduced, an expanded role for 
photovoltaics can be foreseen in specialized 
low power applications (such as refrigerators 
in clinics and educational television in village 
schools) in remote areas 

4) Windmills have been widely used in rural 
areas and interest in them is reviving. The best 

Renewable Energies and Changing Rural Habitat 

established applications historically have been 
water pumping and grain-grinding, but 
windmills have also powered sawmi1ls, paper 
mills, and oil presses. Today windmills exist 
and are proposed in a wide variety of con
figurations, sizes, and materials. The wide 
diversity in designs appears to reflect both the 
need for different approaches to deal with 
different wind regimes, fabrication techniques, 
and applications and the fact that experience 
has not yet sorted out all the advantages and 
disadvantages of competing designs. 

The cost of harnessing wind energy has been 
estimated at 20 US centslkWh assuming a 5.5 
hour/day operation with winds of 5 meters! 
second (11 mph) and using locally-manufac
tured or artisan-built windmills. This type of 
windmill can compete with conventionally
powered pumps in the same areas if connec
tions to a central electrical grid are not 
available and pumping heads are low. Winds 
are not generally as strong in the tropics as 
they are at higher latitudes, but there are areas 
where the trade winds or geographic features 
such as mountains and coast lines produce 
average windspeeds over five meters/second. 
Wind-driven electric generators are available 
commercially in unit sizes up to at least 15 
kilowatts rated capacity. Some of these can 
produce power at costs of 25 to 50 US 
centslkWh at low load factors and 5 to 15 US 
centslkWh at high load factors in locations 
with average windspeeds in excess of five 
meters/second. 

5) Small Hydro plants include traditional 
water wheels and small turbines. Waterwheels 
have been used for thousands of years, pri
marily to grind grain and lift water. They have 
recently attracted some commercial interest in 
industrial countries and are reportedly availa
ble in kit form for roughly US$200 per 
kilowatt. Where appropriate sites can be 
found, these cost levels and the simplicity of 
the technology would make waterwheels a 
power source to be considered for energy 
requirements that can be served by a sta
tionary, low-speed power source of 5-10 
revolutions per minute. Turbines are generally 
preferred to waterwheels for electricity pro
duction because turbines spin at the much 
higher rates required by electric generators. 
"Small hydro" refers to those hydro power 

units with capacities of no more than several 
hundred kilowatts, most often 5-50 kW, used 
to provide electricity to a few users or to 
individual villages. Turbine systems with 
capacities of less than 50 kW have been 
installed in many developing countries; there 
are reportedly over 80,000 small-scale hydro 
power systems operating in China. 

Unit costs of small hydro power projects can 
be expected to vary widely, depending on the 
characteristics of the site, the water available, 
and the distance to, magnitude, and time 
pattern of the electricity demand. The lowest 
cost sites are those that can provide large 
volumes of water and high heads without 
much investment in civil works. The Inter
mediate Technology Development Group 
(UK) has compiled cost estimates for a 
"model" 4O-kW project based on six existing 
and planned projects in Nepal. The estimated 
total capital cost is US$I600lkW. While this 
can be a least-cost solution for village electri
fication, the cost to consumers per kWh would 
be very high (18 US centslk Wh) if the 
electricity is used principally for domestic 
lighting and the plant is operated at a load 
factor of only 20 percent. At 55 percent load 
factor the cost would be about 7 US cents/ 
kWh. 

6) Solar Ponds are simply black bottomed 
ponds about one meter deep in which convec
tion is suppressed by imposing a density 
gradient on the pond so that water is heavier 
at the bottom than at the top. This is achieved 
by the dissolution of salt in the pond, with a 
high concentration at the bottom. The 
absence of convection allows solar heat, 
absorbed at the bottom, to be trapped there, 
whence it can be removed. Temperatures 
approaching the boiling point can be obtained 
and 20-30% of the incident solar radiation can 
be collected at useful temperatures. The pond 
can be built anywhere where sea-water (or an 
initial supply of salt) is available and no 
constructional materials are needed except 
possibly a lining of the bottom if soil compac
tion should prove inadequate to seal the 
pond .. Such ponds can be built in almost any 
size. A pond of 1 sq km area could yield the 
heat equivalent of 50,000 tons of liquid fuel a 
year in a sunny climate. 



Major applications for the heat collected from 
solar ponds include operating multistage 
low-temperature desalinization plants, which 
should provide about four million gallons per 
day of fresh water from a 1 sq km pond. Solar 
ponds may also be used to produce high grade 
(refined) salt from sea water with an estimated 
annual yield of 40,000 tons per sq km of plant 
area (almost twice the yield from open pan 
solar evaporation plants). Electric power may 
also be produced from solar pond heat using 
the technology of low temperature geothermal 
plants. Annual yield, under Mediterranean 
sunshine conditions, is estimated at about 45 x 
10° kWh per sq km of pond, approximately 
equivalent to a 7 MW station. Power costs of 
34 cents per kWh or less are expected (the 
cost of power from diesel units of this size is 
far higher and operation is dependent upon 
fuel supplies). In particular, heat collected 
from the pond can serve for so called "exter
nal" combustion or solar engines, which 
function by using the vaporization of an 
organic fluid in a sealed circuit; the vapor 
produced being used to motion an expander 
or turbine engine before being condensed. 

Selected Renewable Energies 
Technologies 

The Case ofImproved Wood Stoves, 
Village Woodlots, and Passive Solar 
Building Designs 

In this Chapter we review three cases of 
application of RE technologies from three 
different viewpoints to illustrate the type of 
issues involved in developing RE's for the 
rural sector: The case of improved woodstoves 
for more efficient use of wood resources, 
where technology is now commercially 
available but resistance from users is met in 
dissemination of technology; the case of 
village woodlots where little technology is 
involved but community development and 
organization are required; and the case of 
passive solar building designs where tech
niques are generally known but local adapta
tion of efficient designs for rural areas has not 
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yet been made and awareness of designers is 
only building up. 

Improved Wood Stoves 

Presently used wood stoves in many countries 
include: the traditional "Three Stones Stove" 
where little heat is transferred to the pot; the 
"Chula" or "Mud Stove" used in many parts 
of Asia which is equally inefficient and where 
smoke escapes around the pots and entrance 
and a large amount of excess air tends to lower 
flame temperature; "The Rice Hull Stove," a 
small oil drum with air vent on side and wood 
stick on container's floor plus a thick piece of 
wood placed in center of container touching 
the wood stick; (after rice hulls and sawdust 
are poured around the two sticks and packed, 
the two sticks are carefully removed leaving a 
tunnel;) "The Sawdust Stove" with the same 
technique as above, but using two bottles, and 
"The Stove in a Bucket," a galvanized metal 
bucket fitted with two grates. 

Energy losses in these stoves result from: 
incomplete combustion; heat carried away by 
combustion gases; losses due to heating stove; 
losses to atmosphere and energy used in 
evaporating excess water from wet wood. 
Such losses can be minimized through im
proved stove design, namely: improving 
combustion efficiency by insulating fire 
chamber, reflecting part of the heat absorbed 
by the walls back into the wood, placing pot 
away from the seat of the fire where the flame 
is not cooled by the pot's surface, controlling 
the flow of cold air through various types of 
drafts and adding secondary air at the end of 
the flame zone, using the heat transfer from 
the gas streams by allowing gases to remain 
longer in contact with the pot and to move in a 
more turbulent fashion and minimizing heat 
loss from pots and stove walls by preventing 
draft flowing around pots, fitting lid tightly 
and having flat bottom pot rather than round 
bottom. 

Improved wood stoves have been designed to 
correct heat losses identified above basically 
by enclosing the fire and controlling the 
amount of air fed in, which greatly affects the 
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intensity of heat. Several components are 
common to all improved stoves: a fire cham
ber with internal combustion benefiting from 
controlled air entry; flue or chimney to draw 
water vapor and smoke; an air inlet to allow 
oxygen to bum; one or more dampers 
(movable plate) to control draft; baffles 
(mound or steps moulded into tunnels) to 
prevent escape of gases allowing them to bum 
completely and to redirect flow of heat to 
pots; and satisfactory heat exchangers, most of 
the time the pots themselves. 

Various types of improved wood stoves have 
been developed recently and are increasingly 
used. The JTDG stove, developed by the 
Intermediate Technology Development 
Group can be used for both cooking and 
baking; the Jpa stove, has been developed in 
the Philippines to bum waste and sawdust; the 
Lorena stove, first introduced in Guatemala, 
constitutes probably one of the most advanced 
wood stove technologies and has become very 
popular in both Guatemala and the Hon
duras. Such a stove, which can reduce wood 
consumption by 30-50%, is self or artisan 
built, can be produced in different sizes or 
shapes and uses local raw materials for its 
construction (mostly sand and clay). Its main 
characteristics and advantages are the follow
ing: a long tunnel system which extracts heat 
from flue gases; a high stove mass stores heat 
for cooking and baking; a high mass of firebox 
allows higher temperatures and more com
plete combustion and pots fit deeply and 
tightly. Smokeless Chula stoves have been 
developed with a chimney outlet; this cuts 
fuelwood use by 40% over an open fire; 
design and construction methods are now 
available. The Singer Stove, whose design is 
very similar to those used in cave dwellings in 
China. Sawdl/St Cook Stove can easily be built 
by converting a square five gallon/twenty liters 
can Stove is fueled by packing sawdust into 
the can around four upright wooden rods 
which are removed when lighting and during 
combustion. 

Three main issues were encountered with 
implementation of woodstove projects: 
Technical, in particular with respect to wrong 
design and poor field testing and use of wrong 
materials in construction, inefficiencies in use, 
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and unforseen consequences such as increased 
pests/insects as a result of smokeless stoves; 
barriers to dissemination as a result of lack of 
social perceptivity of benefits, lack of local 
leadership and of community participation, 
lack of extension services, and cooking habits 
(seated) and users' attitudes (chopping wood); 
responsibility for dissemination, often under 
teclmical Forestry Departments more con
cerned with large conservation or tree planting 
projects rather than with community or social 
forestry issues and introduction of local tech
nologies. A socio-cultural assessment has been 
made of the introduction of Lorena wood
stoves in the severely deforested highlands of 
western Guatemala. The objective of the 
introduction of the stove was to encourage a 
more prudent use of wood for cooking and to 
alleviate health hazards associated with 
smoke. The assessment was conducted among 
Indian families and identified the following 
advantages disadvantages of the stove. 
Among the advantages, ranked in order of 
importance, were: wood savings, although the 
problem of deforestation was not perceived at 
all; reduced smoke in the kitchen; ability to 
cook in a standing position on an elevated 
surface allowing for more comfort, greater 
cleanliness, greater safety for small children; 
constant availability of hot water; and aesthe
tic qualities ofthe stove (women expressed 
considerable pride in the physical appearance 
oftheir stoves). 

Disadvantages also ranked in order of impor
tance included inability to provide space heat 
in the cold highland evenings and early 
mornings (the stove is built precisely to 
contain heat rather than to emit it); inflexible 
nature of the cooking surface, the size and 
number of pots being limited and the stove 
remaining fixed. 

The success of the Lorena stove in the rural 
areas of Guatemala and neighbouring coun
tries stems mainly from the fact that it is very 
responsive to local conditions and needs. 
However, modification in stove use for space 
heating purposes indicates that the present 
stove design could be altered to conform more 
fully to certain valued traditions which points 
to the importance of involving users, particu
larly women, in the design of the stove. In 
general, it appears essential to teach potential 
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users not only how to build a stove (which is 
the usual approach) but also how to use it, and 
check whether modifications in the use of it do 
not substantially eliminate its benefits. In short 
there is a need for "quality control" after 
project execution. The main recommenda
tions drawn from the assessment, for moun
ting improved wood stoves projects include 
the following: conduct local surveys (social 
behaviour, materials, priority villages, ... ); pay 
attention to the choice of design and field 
testing (prototypes); define carefully, scope, 
area, timing, financing of project; plan exten
sion services and improve communication 
with end users; recruit adequate extension 
workers (role of women); and prepare dis
semination campaigns. 

Village Woodlots 

The purpose of village woodlots is to enhance 
a village's wood fuel resources by growing 
suitable tree species, using as the inputs 
resources predominantly available with poor 
rural populations, such as land, labor, and 
time. The organization and operating proce
dures constitute a major feature in village 
woodlots development. Teclmical support is 
needed to select suitable areas for planting, to 
organize the production and distribution of 
seedlings and to provide teclmical advice on 
establishment and tending. Finally, sharing of 
produce between villagers is a key issue in the 
successful development of woodlots projects; 
usually the concept that wood is no longer a 
"free good" is difficult to accept, and, in many 
instances in countries like India, the poor 
villagers prefer to continue using dung and 
agricultural residues as fuel instead of buying 
fuelwood. 

The authority in charge of the project, usually 
a village organization (e.g., village committee 
in Korea, panchayat in India, village assembly 
in Tanzania, etc.) plays a key role in co
ordinating activities and mobilizing the local 
population. The land, usually community land 
or village commons, on which plantations are 
made most often is land formerly used as 
waste lands or for grazing. In some cases, 
private land is used, in which case a certain 

percentage of the proceeds will go to the 
landowner. The land selection process is very 
important from the point of view of the area 
most suitable for afforestation; and the most 
acceptable by the population. Families may be 
displaced, or since woodlots are fenced, some 
cattle routes are blocked or grazing lands are 
diminished. Some people may find themselves 
disadvantaged and feel mistreated, which may 
have disastrous consequences. The required 
labor is usually provided by the villagers, 
either free of charge with the assurance that 
they will get fuelwood free of charge later on 
(which needs a strong sense of community, 
some penal enforcement and a lot of publici
ty), or paying a salary (which needs adequate 
budget in the village organization). Frequently 
work on the plantation has to be done at the 
same time as crops are harvested, which 
therefore requires careful planning in order to 
bring labor from outside. 

Several village woodlot programs have been 
implemented in different countries with 
variable success, namely, China, Korea, India 
(Gujarat), Tanzania, Niger, Upper Volta and 
assessments have been made of these ex
periences. In China, between 1949 and 1978, 
the forest area increased by 72 million ha (= 
12.7% of land area) through a carefully 
prepared program involving mass mobilization 
of rural communities, setting national targets 
skilfully translated into specific goals for dis
tricts, brigades, and communes at the lowest 
levels. The program was very successful. In 
Korea, a similar program was introduced and 
was also very successful. It was launched in 
1973 with four principal components: 
strengthening of the Forest Department and 
passage of a new forest law; extension and 
publicity campaign; enforcement of the pro
hibition measures; national reforestation 
scheme to create fuelwood plantations in 
every village. A village forest association was 
established and linked to district and country 
unions, and to a National Federation. 
Government assistance flowed through 
foresters stationed at the district and county 
levels. The program had a mixture of volun
tary (voluntary decision-making by village 
associations) and imposed participation (im
posed national program). The results were 
impressive with about 40,000 ha of trees 
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planted every year in about 12,000 villages. In 
India (State of Gujarat), two systems were 
launched in 1974, namely the "supervized" 
village plantations and the "self-help" pan
chayat plantations, where the Forest De
partment only provided free seedlings and 
technical assistance to all persons willing to 
plant trees. The results were not so successful 
and only 2,500 supervized, and about 70 
self-help panchayat plantations were esta
blished (only about 14% the panchayats in 
Gujarat). 

The success of woodlot programs in China and 
Korea stems from a strong political and 
organizational framework at the village level 
coupled with the democratic process of village 
participation in plan formulation, and strong 
government commitment to village plantation 
(free seedlings, budgetary assistance, technical 
expertise, education of the villagers, en
forcement of laws). The key factor to success 
was the involvement of peole concerned. The 
failure in India, Tanzania, Niger and Upper 
Volta, is due to the heterogeneity of villages 
(castes in India, tribal affiliations in Africa) 
which hinders common action for a non
traditional activity like forestry and to complex 
land tenure systems and pressure on the land 
for farming and grazing. The major impact on 
rural life of village woodlots not only includes 
the availability of fuelwood in the immediate 
vicinity of households which reduces time and 
labor devoted to gathering wood but also 
reduces the reduction of consumption of dung 
and agricultural wastes as fuel, which can be 
used as fertilizers, and the significant en
vironmental benefits resulting from reduced 
land erosion 

Passive Solar Designs 

Basic Concepts 

The technology of passive solar designs (PSD) 
consists of methods for heating and cooling 
buildings or for heating domestic water in 
which thermal energy flows by natural means, 
(i.e., without pumps orfans). PSD therefore 
include: winter solar gain and summer sun
shading and cooling; winter wind protection 
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and surnmer ventilation; building envelope 
designs for thermodynamic efficiency through 
insulation; thermal capacity for time lag heat
ing and radiation cooling; and earth contact 
for ground temperature heat exchange. 
Building elements and thermal processes are 
combined in passive designs. 

Building Elements 

• Insulation (resistance to heat flow); 
• Glazing (transparent to solar irradiation; 

trap solar heat); 
• Shading (keep sun off buildings and 

windows); 
• Reflectors (increase solar radiation striking a 

surface); 
• Thermal mass (heavy materials in buildings 

such as concrete, stone, water, adobe, aid 
storage of thermal energy). 

Thermal Processes 

• Radiation (similar to light); 
• Convection (air movement resulting from 

differing temperature); 
• Conduction (transfer of thermal energy 

through materials) 
• Air Stratification (warm air rises because it is 

lighter and more buoyant than cool air; 
stratified warm air can be transported to 
other parts of a building or to heat storage;) 

• Evaporation (energy required to evaporate 
water reduces air temperature); 

• Thermosiphoning (fluids, liquids or air, 
become lighter and more buoyant when 
heated). 

The basic example of a PSD system is pro
vided by window facing south with a storage 
wall and night window insulation. Most PSD 
building techniques such as use of mass inside 
building, or contact with earth used as a heat 
sink, are effective for both heating and 
cooling. 

Any PSD system includes the following func
tions and components a solar collection area, 
with careful selection of location and orienta
tion; an absorber, generally a hard surface that 

converts solar radiation into heat and transfers 
heat to storage mass; a heat storage mass, 
consisting of dense heavy materials that hold 
heat and later release it to the interior ofhte 
structure; a heat distribution system to release 
radiant heat to habitable areas through con
vective flows, and a heat regulation device, 
usually shading or venting mechanisms to 
control solar heat admitted, and night time 
insulation to control heat permitted to escape. 
The various basic PSD systems can be 
grouped into four categories: direct gain, 
indirect gain, isolated gain and earth sheltered 
structures. 

Direct Gain refers to the simple collection of 
solar radiation through a glazed surface while 
Indirect Gains refer to both collection and 
storage of thermal energy for lag release. 
Examples of combined direct and indirect 
PSD systems are thermal storage walls, roof 
pond systems, greenhouses and suncatchers. 
Thermal Storage Wall systems include a south 
facing window and a dark glazed south wall 
for collection, storage, and transfer of heat. 
Air between wall and glass gets heated and 
circulated by convection controlled by shut
ters. Heat also conducts through the wall and 
is transferred to the inside by radiation. The 
transfer of heat by convection and radiation 
takes place several hours after the sun's energy 
strikes the wall For summer operations, 
glazing should be removed and wall covered 
with reflecting insulation during the day and 
left bare at night; the wall will get cooled 
during the night and store the heat received 
from inside during the day. Thermal storage 
walls, which usually include vent holes at the 
top and bottom to allow for air circulation, can 
be made of concrete, adobe, and water (in 
pipes or drums). Various construction techno
logies conceived for developing countries are 
discussed later. Roof PondlSkytenn Systems 
combining heating and cooling, consist of a 
water mass on the roof in the form of an open 
pond, with a transparent plastic cover in the 
winter and moving insulation above it Alter
natively water bags can be used In the 
summer, during the day the reflecting insula
tion keeps the solar heat away from the water, 
which keeps receiving heat through the roof 
from the space below, thereby cooling it. In 
the night the insulation is removed and water, 
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despite cooling the living space below, gets 
cooled on account oflosing heat by evapora
tion, convection and radiation. Thus the water 
attains its capacity to cool the living space. In 
winter, during the day the insulation is re
moved, allowing the solar energy to be 
absorbed by the water and black surface of the 
roof; the living space continues receiving heat 
through the roof. In the night the insulation is 
put on the water mass, reducing the heat loss 
to the outside air. The heat loss to the inside 
air through the roof keeps the living space 
warm. Suns paces (Attached Solarium! 
Greenhouse) consist of a south thermal space 
enclosed by glass and attached to a living 
space. The sunspace receives heat by direct 
gain, while the living space receives heat by 
indirect gain, through the thermal storage 
wall. The sunspace may be used for recrea
tion, or growth of plants. Suncatchers are 
known and largely-used simple roof confi
gurations which increase the solar collection 
efficiency of a south facing window while 
reflecting the summer sun. 

In Isolated Gain Systems the building, the 
collector of solar energy and the storage are 
isolated and a natural air convective looping is 
used; water thermosiphoning can also be 
used. In Earth Sheltered Structures the re
duced infiltration of outside air and the 
additional thermal resistance of the sur
rounding earth considerably reduces the 
average thermal load. The addition of earth 
mass to the thermal mass of the building 
reduces the fluctuations in the thermal load. 
Earth sheltered structures provide very effi
cient PSD systems and are widely used in may 
cave-type dwellings. 

The main items to be taken into account while 
developing PSD system include: solar posi
tion, and particularly information on solar 
angle since more solar radiation strikes a 
vertical surface during the heating season 
( winter) than during the summer; sitting of 
building, (namely lot orientation and size, 
landscaping, ... ); length, width, height ratios of 
buildings; daylighting; use of movable insula
tion inserted at night and removed in the 
morning; use of convective loops and ther
mas phoning systems as wall panels to com
plement south windows; and use of sun-
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catcher, evaporative air coolers, and earth air 
tunnels. Examples of Passive Solar Design 
Systems in Developed Countries. 

A number of projects have been executed in 
developed countries using PSD systems. In 
the case of St. George School, Wallasey, 
England, a building with considerable thermal 
mass, it has operated with nearly no back up 
since 1962, despite poor winter solar condi
tions; only windows and vents are used. The 
Davis House, Albuquerque, New Mexico 
uses a convective loop air heating collector (air 
thermosyphoning) in combination with a 
rockbed which constitutes sufficient storage to 
carry through two grey winter days. For the 
Benedictine Monastery Warehouse, Pecos, 
New Mexico, a combination of direct gain and 
air thermosyphoning is used. The Unit I of the 
First Village, Sante Fe, New Mexico, also 
combined various PSD systems namely 
Trombe wall and greenhouse. Solar heat is 
absorbed during the day, by the wall, and 
works through the wall into living space at 
night. The average surface temperature of 
darkened adobe wall can be as high as 100 
degrees F on a sunny day. Excess heat from 
the greenhouse can be circulated and stored in 
gravel; cool indoor summer temperatures are 
maintained. The large thermal mass of the 
house keeps indoor temperatures comfortable 
in spite of the large day/night fluctuations 
(35"F) of outdoor temperatures. During most 
of the winter, intemal temperatures are 65°F 
and peak temperatures during the summer 
only 76°F. 

Examples of Passive Solar Design Systems 
in Developing Countries 

A project was run by the Save the Children 
Federation'in Makthar (Central Tunisia) to 
promote PSD systems for school buildings and 
other solar applications. Makthar has a rather 
severe winter climate with heavy winds, frost, 
and occasional snow. Virtually none of the 
lower-income dwellings are heated. Wood is 
scarce, and other fuels are expensive. Low
cost solar energy applications for heating 
buildings (particularly schools), providing hot 
water, and light input for workspaces were 

therefore developed. 

In Abed Sadok and Zouia the system essen
tially consisted of constructing a south-facing 
solar wall. The other walls are made of thick 
field stone and cement mortar, a construction 
design common to the area; the thickness is 
about 50 cm and the wall height about 3 m. 
The solar walls at Abed Sadok and Zouia 
were constructed in two different ways. For 
Abed Sadok, ~3 Trombe wall and 113 direct 
gain was used and for Zouia, Y3 30 em-thick 
Trombe wall, Y3 metal, to give direct radiant 
heat and Y3 direct gain for direct heat and light 
was used (2!3 direct gain would have caused 
too much glare). 

Vents used in the Trombe wall are hollow 
bricks. Upper vents have a plastic flap valve 
which cuts down reverse flow at night. The 
design also included a roof overhang so as to 
prevent summer sun input into the buildings 
The wall used at Abed Sadok appeared 
preferable. Tunisians are more familiar with 
stone construction and the building is warmer 
during the night. The cost of the solar wall at 
Abdel Sadok is about 350 Tunisian dinars 
($890). Since a kerosene stove costs about 
$300 and the oil to heat it another $200-300 
per year, the cost of the solar wall will pay for 
itself over three years or so. The temperature 
gain obtained with the solar wall is about 15°F 
difference with the outside, or 6Q°F on an 
average 45°F winter day. 

Alternative features were planned for for 
Zouia. It was proposed to orient the school 
20° east of south to warm up the building with 
the morning sun and to moderate the after
noon solar input and to install a louvre system 
which would provide sufficient heat and also 
maximum light and heat control. Galvanized 
louvres, 20 em x 170 cm, were to be hinged so 
they could be manually controlled to rotate 
180°, and glazed with corrugated plastic on the 
exterior. One side would be painted black and 
be outward facing, in the down position. The 
other side, painted white, would be out in the 
upward position. Thus, if the louvres were 
closed with the black side out there would be 
radiant heat, but no light. If the louvres were 
closed with the white side out, there would be 
minimum heat or light. If the louvres were left 
in a horizontal position (white side up) the 
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sunlight would be diffused onto the ceiling, 
and if the louvres were positioned parallel to 
the rays of the sun, there would be maximum 
light in the classroom A shed-type solar 
greenhouse was built on the south side of a 
standard Makthar stone dwelling. All sides 
were covered with two layers of yellow polye
thylene (manufactured in Tunisia), including 
the east and west walls. The south wall of the 
house was painted black to absorb the heat 
and three oil barrels filled with water were 
introduced to balance out the temperature 
extremes. A duct was built from the green
house to the north room to enhance circula
tion of warm air to the room. The greenhouse 
helped to heat the house some 8- 1Q°C above 
outside temperatures, but vegetable growing 
was not successful because of wide tempera-

ture swings, Several design changes were 
proposed to perfect the greenhouse for 
growing purposes, namely by insulating the 
east and west walls of the greenhouse main
taining sufficiently high temperatures and light 
conditions in winter, and sufficiently low ones 
in summer, building an insulated overhang to 
discourage winter heat loss as well as summer 
over-heating and providing adequate venting 
by increasing size of vents. 

Design suggestion for a low-cost solar resi
dence were also made in Makthar, Tunisia. 
The basic stone structure of the house is much 
like any other building: 50 cm thick stone 
walls, 3m high on the south side, with four 
(double-glazed) windows and one door. The 
3.5 m x 7.0 m space could be divided into two 
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rooms. The very simple solar adaptations used 
were: Trombe-style glazing on the entire south 
wall, a 1.5 m corrugated iron overhang over 
the Trombe wall for summer shade, cork 
insulation in the proof, a low window to the 
west and a high one to the east to create a 
through draft, weather stripping on all open
ings. The Trombe wall should have provisions 
for exterior venting during the sumer. The 
solar calculations show the rough design to 
have a fairly good solar fraction. On the the 
coldest nights of the year, the structure should 
hold at 56°F, while on average February days 
it will be a little below 700F. Excess heat can 
be vented off at warmer times. It is expected 
that this house will also be cooler than an 
average house in the summer. The insulated 
roof prevents heat intake and the Trombe wall 
painted in white or covered and shaded during 
the summer will act as a cooling storage. 

Other solar devices for housing were tested in 
Tunisia in relation to the Save the Children 
project. Mini-solar ponds, already developed 
in Nepal, appeared to be by far the cheapest 
system for water heating. Such ponds may be 
preferable for commercial use where large 
quantities of hot water are needed and several 
long mini ponds can be built. Batch water 
Heater designed for below-freezing climates 
consisted of a cyclindrical tank (readily avail
able in Tunisia) laid sideways, insulated on the 
ends, back, and bottom. The top and front are 
insulated doors that hinge open and have 
reflective surfaces that augment the solar input 
to the tank during the day. Single-or double
glazing covers the top and south side of the 
tank. An important drawback was the need 
for too much attention required to open the 
doors every morning and close them at night. 
Bottom loading, batch water heater was the 
system finally decided upon. A long, rec
tangular, horizontal tank is insulated above, 
on both sides and ends, and is painted black 
and glazed on the bottom. One stationary and 
one movable reflector brings sunlight to shine 
on the bottom of the tank. Minimal heat is lost 
downwards at night because the air below the 
tank stratifies with the hottest air being closest 
to the tank. The main advantage is that the 
system does not need to be closed or adjusted 
daily, but some technical problems were 
encountered with the rectangular water tank 
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which was not designed for high pressure. It is 
therefore recommended to change the design 
from rectangular to a cylindrical tank and to 
install a cheap pressure-~eduction valve. 

The experience with the construction of the 
passive solar water heater in Makthar was one 
of the few cases where local artisans (namely 
young black-smiths) became actively involved 
in finding solutions for particular design and 
manufacturing problems that arose and 
proved to be quite innovative. Theyeven
tually took over the manufacturing of the 
bottom loading water heaters as a commercial 
venture. A very brief performance evaluation 
of the water heater was conducted which 
indicated a temperature of 157°F the next 
morning, with inlet water at 75°-SSOF and 
ambient temperature around 100°F at the time 
the tank was filled. 

The combination of a sawtooth clerestory roof 
and an internal south facing Trombe wall was 
used for house heating and lighting. The great 
day-to-night temperature fluctuations typical 
of direct gain systems such as clerestories were 
reduced by the fact that the radiation losses 
characteristic of C' Trombe wall were not lost 
actually from an interior wall but rather 
radiated into the living space. One can even 
increase nighttime heat retention by installing 
insulated louvres for the clerestory. The main 
disadvantage was the high cost of the 
clerestory . 

Simple systems for passive cooling and heating 
and water catchment for a workshop, have 
also been tested and proved to be economical. 
The system was applied to a weaving center 
and involved a sawtooth type of roof, with 
corrugated iron white cover and reflective 
insulation roof. The overhang was calculated 
to allow winter sun and prevent summer sun. 
A chimney is used for cool air and water 
transport, down from the roof into the build
ing. The heating function is performed by the 
suncatcher. The cooling function results from 
the roof radiator effect of the system, the 
corrugated iron functioning as a roof radiator, 
by lowering the temperature of a surface 
isolated below by radiating heat to the night 
sky functioning as a heat sink. As a result of 
air stratification, dense air near the roof 
surface gets cold and slides down into the 
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chimney. 

Proposals were made for the use of PSD 
systems in buildings to be constructed as part 
of the Vila Ulla rural development project in 
Bolivia: living headquarters for the project 
staff, model houses for local families, schools 
and hospitals. The population of the Altiplano 
depends essentially on non-commercial energy 
sources of fuel for household needs; dried 
animal dung is the main source. There is no 
heating, although temperatures are very low 
in winter. The climate is generally cold, with 
marked differences between day and night 
temperatures (average annual temperature 
SoC average winter night temperature 6°C, 
average summer daytime temperature 28°C). 
The main design proposals made incluuded: 
thermal insulation of the buildings by mixing 
straw with adobe, for wall construction, put
ting straw under the roof, and installing 
double-glazed windows; passive designs which 
consisted of painting the roof and exterior 
walls of the buildings with a dark color paint, 
with the exception of one wing of the family 
house to be used as a natural refrigerator, 
painting the interior walls with a light color 
paint, preferably white, installing skylights 
made of plastic or glass and constructing a 
veranda and/or greehouse around three sides 
(north, east, and west) of the schools; solar 
water heating where various designs were 
proposed; and ventilation and rock-bed heat 
storage: using the "accumulator of heat" func
tion of a bed of rocks placed in an insulated 
box right under a skylight. Five schools, a 
house to serve as temporary living headquarters 
for the project staff and two prototype village
style houses were all built using PSD systems. 
A temperature gain of 1 (fC in temperature 
between the inside and outside of the build
ings was achieved. 

The main characteristics of the Ulla Ulla PSD 
project included the following: low cost and 
replicability; simple technology, well adapted 
to local conditions; local participation; passive 
solar technologies were tested progressively 
and tightly monitored so that necessary 
changes could be made quickly on designs of 
new buildings. Lessons can be drawn from the 
broader experience with PSD Systems in 
developing countries. It is essential to monitor 
closlely systems' performances and to accu-

mulate data and make economic assessments. 
It is also important to identify and locate tools 
and materials that are necessary for the system 
to be prototyped. A mechanism that will 
ensure a thorough and orderly transition 
between a generation of leaders and conti
nuity of projects has to be established. Finally, 
school building seems ideal for conveying the 
solar message, since they are social focuses for 
a community. 

Renewable Energy Technologies in 
Rural Habitat Research and 
Development 

In this section, an attempt is made to sum
marize the impact which RE technologies 
could have on rural habitat and, more gene
rally, on the rural community life. A preli
minary identification of priority rural energy 
needs is first made and an analysis of how RE 
technologies can help meet those needs is then 
provided. More research work is certainly 
needed in the field of identifying these needs 
and adapting technologies to them. The 
successful introduction of most RE techno
logies to farms and villages primarily revolves 
around the concept of extension services and 
community development viewed from the 
angle of energy development and savings. 
Priority rural energy needs with matching RE 
technologies are listed in the adjoining table. 

A desirable orientation for, and classification 
of, Research and Development focussing on 
rural energy needs, is provided below(3). 
Research on tree growing has, so far, yielded 
good results in Hawaii on giant ipil-ipil; in 
Sweden on the willow; and in Australia on the 
eucalyptus. Breeding programs can be 
expected to result in growth gains of 10-25 %. 
Pilot trials with introduction of exotic species 
can yield up to 20 times more biomass than 
the natural forest they replace. There is 
therefore a strong casa for stepping up: 
forestry and biomass production (such as 
shrubs and grasses) research, and research on 
the use of the leaves of leguminous trees as a 
source of fodder and fertilizer for small farm 
systems. Biological research also holds pro
mise for increasing forests productivity. 
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Priority Rural Energy Needs and Matching RE Technologies 

Energy Needs 

Energy-oriented 
Community Development 

Cooking 

Village Water Supply 

Pastoral Hydraulics and 
Irrigation 

Lighting 

Crop Drying 

Conservation of Agricultural 
Products (Refrigeration) 

Rural Electrification 

Building and House 
Heating and Cooling 

Education and Health 

Handicraft Industries 

Agro Industries for Rice, Oil, 
Sugar, Conservation Industries 

Radio Communications Forest fire 
Surveillance and Meteorology 

Matching RE Technologies 

• production of biomass and fuelwood (fast growing species); 

• village woodlots; 
• village biogas and wood fueled power plants; 

• improved wood stoves to obtain more calories from 
scarce wood and save on transport and manpower cost; 

• biogas converters; 
• solar oven (not commercially proven); 

• PV pumps (a breakthrough for isolated areas); 
• Windmills and aero generators; 

• dual fuel engines using producer gas (agricultural residues); 
• PV and thermodynamic pumps; 
• multi bladed windmills and aero generators; 

• PV: 
• biogas; 

• Solar Driers; 

• Solar absorption machines; 

• Mini hydropower plants; 
• Aero generators; 
• Dual fuel engines; 
• PV and thermodynamic power plants; 

• Solar collector; 
• Passive solar designs using different systems and 

materials for house comfort, health and education needs; 

• Heating from solar water heaters; 
• Electricity supply from PV systems for TV and radio; 
• Rural hospital lighting and refrigeration through PV 

systems and other solar systems; 

• Solar water heater; 
• Biogas and Producer Gas; 
• RE based electricity; 

• Valorization of agricultural residues; (gasification for 
dual fuel engines and combustion for steam engines); 

• PV systems and aero generators. 
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Research on energy crops is becoming increa
singly desirable to expand the resource base 
for ethanol production. It includes accelerated 
development of known ethanol sources such 
as sugarcane through collection of genetic 
materials, testing and establishment of culti
vation regimes, cassava and sweet sorghum, 
and also other crops such as buffalo gourd, 
carob, tamarind and sagopalm, which can be 
grown in saline swamps. Hydrocarbon pro
ducing crops (oil palm and sunflower) also 
merit attention; they could become a direct 
agriculture based source of hydrocarbon. 
Research on technologies for conversion and 
use of RE is also required. Among these 
technologies for the use of biomass based 
fuels, more research is needed on: dissemina
tion of fuelwood stoves; straw briquettes and 
vegetable oil uses; use of biomass to produce 
heat for industrial purposes and mechanical 
shaft power namely external and internal 
combustion engines. With regard to direct 
solar, wind, small hydro, solar ponds, research 
and development should concentrate on: 
reducing costs for water heaters; developing 
low cost dryers which could help in improving 
crop quality and reducing post harvest losses; 
mini solar ponds which constitute promising 
technology for water heating; small scale wind 
electric conversion systems that are both cost 
effective and adaptable for use in remote areas 
and finally, photovoltaic cells and systems 
which could become cost competitive for 
applications requiring small quantities of elec
tricity and remote from the grid. With respect 
to solar ponds, research could concentrate on 
both mini and unlimited ponds and control of 
wind effects on ponds. 

Extensive socio-economic research is also 
needed on processes for development and 
dissemination of RE technologies, to the rural 
world. This includes research on extension 
services adapted to specific technologies; on 
rural energy systems at the farm level; on the 
establishment of rural energy balances; and on 
desirable integrated energy models. The 
energy concept should be brought into plan
ning of development projects mainly in three 
stages: assessment of energy resources 
through life cycle analysis and survey of 
alternative sources environmental impact 
analysis; social impact analysis through de-
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Table 1 Summary List of Renewable Energies 

Biomass (40%) 
Forests 
Crop residues 
Animal residues 

Maxi Hydro (30%) 

Conservation (20%) 

Solid State: 

Liquid State 

Gas State: 

Transportation 
Stoves 
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Wood 
Crop residues 

Dung 

Ethanol 
Methanol 

Biogas 
Manufactured gas 

Charcoal 
Chips 
Pellets 

Agricultural cultivation 
Electricity delivery 
Industrial processes 
Building designs 

Solar (4%) 

Mini Hydro (3 % ) 

Geo--Thermal (2 % ) 

Wind Systems (1 %) 

Flat Plates 

Concentrators 
Photovoltaic 
Solar ponds 

Turbines 
Rams 

Air heating 
Water heating 
Mechanical energy 

Percentages given are very rough guesses of percentage use 1990. 

tailed surveys of historical energy uses, local 
organization and initiative, local leadership 
and community development programs. 

Conclusions and Recommendations 

The main conclusions drawn from this paper 
are summarized below: 

1) the "Second Energy Crisis" is a prime 
burden directly affecting the rural life and 
habitat; 

2) RE technologies are unlikely in the near 
future to contribute in a major way to solving 
the problem of gobal energy shortages in the 
world. Their contribution in aggregate terms 
will remain extremely modest; 

3) however, RE technologies could make a 
significant contribution towards meeting the 
rural energy needs, improving living condi-

tions of the rural poor and, in particular, 
providing energy to isolated areas for which 
traditional energy costs would be prohibitive. 
Their impact on the rural habitat could be 
decisive and they should oontinue to be 
developed with that objective in mind; 

4) while a number of rural RE technologies 
have reached maaturity, there is a need for 
local engineering adaptation and optimization 
of performance; 

5) experience today with introduction of RE 
technologies in the rural world are very 
scattered, still mostly at the local experimental 
stage and not yet recognized at the planning 
and budgeting level. There are three major 
exceptions: the biogas program in China (with 
seven million digesters, and affecting some 35 
million rural families); the village woodlots in 
Korea and China; and the sugarcane based 
Ethanol program in Brazil; 

6) the development of RE technologies is a 

long-range goal, but it is an imperative one to 
get rural areas today to meet the challenge of 
the era "after oil"; 

7) there is a need to accelerate research on 
rural energy systems and to develop integrated 
energy models at the village level serving the 
priority needs of the rural poor and based on 
locally adapted RE technologies. In designing 
these systems due consideration should be 
given: first to bottom-up planning in order to 
reflect the needs of the people, as well as the 
local conditions; and second, the need for 
aggregation, planning, budgeting and tar
geting and the central (whether at national or 
regional) level, to ensure follow up and mass 
development. The experience of China has 
largely demonstrated that success in dissemi
nation is only obtained when national and 
regional goals are properly set; 

8) planning of RE technologies could only be 
carried out satisfactorily if socio and resource 
endowment studies have been made to allow 
for proper economic evaluation of priorities 
and trade-offs; 

9) the priorities for RE development, as seen 
today, are for: afforestation and valorization 
of agricultural residues; photovoltaic com
munications and pumping; improved wood 
stoves dissemination passive solar designs (yet 
to be fully developed) for community building 
and houses; and rural electrification where RE 
has a role to play. 

Finally, the energy target should increasingly 
be taken into account in architecture and 
construction for the poor, namely in using low 
energy content materials and through mass 
diffusion of adequately developed passive 
solar designs. Experiences carried out so far in 
construction of schools in developing countries 
has demonstrated that higher school atten
dance can be obtained in solar heated build
ings in remote areas. The architect for the 
poor should be a "multi-talent" man, capable 
of surveying the social and economic, mostly 
agriculture-based, rural scene, aware of 
energy issues and technologies and always 
conscious of the need for replicability and 
mass diffusion, if he wants to help improve the 
living conditions of the rural poor when 
building. 
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