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Biogas Generation from Animal and Agricultural
 

Wastes in Africa
 

By: Mohamed Mokhtar El-Halwagi and Adel Abdel Daiem
 

National Research Centre
 

Egypt
 

SUMMARY
 

Biogas, derived from agricultural biomass through anaerobic fermentation,
 

is a promising alternative energy source and a solution to many rural
 

problems relating to land productivity, conserving resources, improving
 

environmental hygiene and decentralised development.
 

Appropriate village-type biogas technology is known and reliable.
 

Generation methods developed in Asia, particularly the Indian and Chinese
 

schemes, can be adapted and modified to suit local African conditions
 

and skills.
 

In rural areas of Africa, agricultural residues, weeds and hydrophytes,
 

excreta represent good feedstocks for
together with human and animal 


biogas developments. A preliminary hypothetical estimate of the biogas
 

that could be produced assuming 50% cattle dung collectiot and 50% of rural
 

(of weight of cattle dung) agricultural wastes
human excrement, to which 30% 


are adde 2indicated about 24 x 109 m 3 annual gas production equivalent to
 

132 x 10 k cal. In addition, the digested material produced would have
 

a nitrogen content equivalent to about 2.4 million tons of urea. With other
 

as environmental effects,prospects of biogas are encouragin,
intangible benefits such 


The application of village-type biogas 	technology (BGT) in some developing
 

success. Previous experience has
countries exhibited various degrees of 

ensure
shown that success entails the development of viable conditions to 


acceptance, adoption and propagation of technology. The technology should be
 

appropriate and compatible with the existing socio-economic conditions.
 

Furthermore, adequate scientific and technical infrastructure should be
 

a sound national policy and plans on technology promotion
developed, and 


must be drawn up.
 

Successful implementation of biogas programs in Africa would neceasitate
 
Research and
the development of a strong scientific and technical support. 


in the
development(R&D) with the highest payoff in Africa appears to be 

are outlined,
adaptive domain. Some specific areas for needed R & D in Africa 


and joint R & D programmes amoung the African countries are recommended.
 

levels - should be a basic and integral
Training-covering different skill 


component in any biogas programme.
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1- INTRODUCTION : Biogas from Agricultural Biomass as a Promising Alternative
 

Energy Source and a solution to Many Rural Problems.
 

age, and moreso of future generations,
Among the most important problems of our 


are those pertaining to energy sources, food supply and pollution abatement.
 

areas fits perfectly
In fact, the application of biogas technology in rural 


in this context. On the top of its contribution to improving the rural
 

community conditions, it can help in solving the three mentioned priority
 

a manner that is harmonious with nature
problems in a balanced way and in 


and environment.
 

First , recycling of animal, human and agricultural wastes through anaerobic
 

digestion provides a clean and renewable source of energy, i.e. the biogas.
 

Second, it furnishes a stabilized effluent that can be used as an excellent
 

sustain or even increase land productivity, or can
organic fertilizer to 


as well be used as animal feed supplement ; and alternatively may be utilised
 

in the so called integrated biogas system to grow algae, aquatic plants and
 

fish and so provide more feed for the animals, more food for the humans and
 

also more biomass for digestion. Third, through wastes digestion, the biogas
 

technology would contribute to combating pollution, waste disposal and sanitary
 

aspects.
 

By the same token, the problems related to the introduction of biogas to a
 

complex than those of any other small-scale source of
rural area are more 

from providing energy, it is also a technology for waste
energy. Apart 


treatment, nutrient recycling and soil conservation.
 

In recent years, particularly in the aftermath of the 1973 oil crisis, hiogas
 

It is now becoming acknowledged
systems have attracted considerable attention. 


as 
a promising component of decentralised rural development.
 

the current state of knowledge and technology appeared
Excellent reviews on 

given in the bibliography
in the published literature. A selected list is 


Since these reviews provide a fairly complete coverage of the
(1 - 5). 

features of Biogas Technology (BGT), only a very brief description
essential 


is given here.
 

minor
Biogas, basically a misture* of methane and carbon dioxide plus some 


constituents, is produced by anaerobic fermentation of organic matter. By
 

matter in a digester (or biogas plant), the combustible gas
containing the 


can be trapped and used as fuel. The digested slurry that remains can be
 

usually used on land as soil conditioner and fertilizer.
 

The biochemistry and microbiology of anaerobic fermentation is extremely
 

terms the process proceeds
complex. It is established that in general 

In the first step; the polymeric compounds
serially through three steps. 


usually (7).
* The general composition of hiogas produced from farm wastes is 

CH4 54-70%, CO2 27-45%, N2 0.5-3%, H2 1-10% and a trace of H2S. Its
 

energy content (8) is about 5500 K cal/m 
3 .
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of carbohydrates, proteins and fats 
are broken down into soluble monomers
 
by a group of facultative bacteria through enzymatic hydrolysis. In the
 
second step; these monomers are converted through the action of acid
producing bacteria to acetic, propionic, and lactic acids. Carbon dioxide
 
and hydrogen are also formed. 
 In the third step, methanogenic bacteria
 
produce methane from acetic acid and CO2 and H2 , but the bulk comes from
 
acetic acid. The methanogenic bacteria are obligate amaerobes and the most
 
delicate with regard to environmental change. Temperature is crucial.
 
There are 
two sets of methane - forming bacteria : the mesophilic which
 
have an optimum environment temperture of 35 (although they can function down
5 oC but at a very slow rate) and the thermophilic organisms having an
 
optimum temperature of 54 oC. The balance between acids and bases is
 
extremely important, the optimum P11 value is around 7.
 

The optimum operating conditions will depend to 
some extent on the materials
 
being digested. 
Almost any organic waste material can serve as a component

of the substrate for 
an anaerobic digester. The suitability of materials
 
for gas production, however, depends on several 
factors such as biodegradability,

nitrogen availability (C/N ratio), and absence of toxic 
or inhibitory

constituents. 
 If the nutritional requirements of the microorganisms are met
 
by a suitable mix, most organic matter can be used. 
 The carbon to nitrogen
 
ratio should be 
in the range of 30 for good operation. Possible substrates
 
include : animal manure, human excrement, crop residues, aquatic and
 
terrestrial vegetation, food processing and organic factory wastes, and even
 
kitchen wastes.
 

The size (i.e. detention time) of 
a biogas digester will be partly determined
 
by the kinetics 
and partly by the pathogen kill rate. Operation under
 
mesophilic conditions normally requiresa detention period in the range of
 
30-50 days. Roughly, a small village-type domestic digester operated on two
 
cattle, an 
attached toilet and excess household and farm wastes would
 
produce sufficient gas for the family energy needs 
(cooking and lighting)

plus an amount of digested sludge which on 
further composting with agricultural
 
wastes would provide a good manurial value for a small family landholding.
 

2- Biogas Generation Methods and their Appropriateness to Africa
 

The Biogas System (9,10) is not just 
a digester, but rather an integrated
 
sequence of processess involving 
: biomass feed management, digestion,
 
effluent and gas handling and usage.
 

The first step entails collection of organic wastes and water, transport,

preparation and feeding. The cost 
is basically a function of the type and
 
amount of materials and the distance between source and the digester. 
The
 
common biomasses used for biogas generation are various types of organic

wastes produced from normal rural household activities (livestock or
 
poultry wastes, night soil, and vegetable-organic wastes). These can be
 
manually collected as 
a part of daily household activities. Agricultural

residues such as spent 
straw, cotton and maize stalks, and bagasse need to
 
be shredded to facilitate their flow into the digester as well 
as to increase
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the efficiency of bacterial action. Materials such as weeds and water
 
hyacinth pose different problems with regard to collection,drying,
 
transportantion, storage and processing. In the case of agricultural
 
residues in particular, storage of materials in a damp and confined space
 

for about 10 days is frequently recommended to reduce the time required for
 
digestion. For better digestion, the feed should be a homogeneous slurry
 
with a total solids concentration of 8-11 percent by weight*. This would
 
normally require dilution with water. Thus, in the situations that do not
 
permit the extra supply of water, like the case of dry zones in Africa,
 
the BGT would not be a suitable choice.
 

The digester, in which the second step takes place, is the core of the
 
biogas system and requires most of the initial capital investment. It
 
consists of an oxygen-free container with the gas collection device, and
 
in some cases agitation and controlled heat input systems. The process can
 
be batch where the digester is filled and materials left to digest for a
 
curtain time before being opened, emptied and the next batch started.
 
Alternatively, the digester design may include input and output ports and
 
the system be set-up for periodic (usually daily) removal of a portion of
 
the slurry and addition of an equal volume of feed. This would lead to
 
uniform gas production, whereas in the batch case several batch digesters
 
which are loaded alternately are needed to achieve more or less uniform
 
production.
 

The management of digested slurry depends on local situations. It is
 
normally used as fertilizer*and several alternatives exist : direct as
 
a slurry, diluted with irrigation water, after drying, or as an ingredient
 
in compost (absorption on silt and or agricultural and household solid
 
wastes). The last alternative seems to have the best prospects since the
 
technique is already known to villagers, the compost can be stored till
 
needed, and it is easier to handle than liquid slurry.
 

The management and use of the biogas is the remaining step in the process.
 
This would involve metering and safety, purification (seldom needed),
 
distribution and utilisation.. Because cf the low hiogas working pressure,
 
the user of the gas should b6 near the generation unit. Like other types of
 
gaseous fuels, biogas can be used for cooking, lightening,heating, or power
 
production (12). Suitable gas-use devices should, however, be designed for
 
efficient and safe use in rural areas. Likely uses of biogas driven engines
 

* It is recently reported (Bio-Energy 80-Atlanta, U.S.A.) that higher solids
 
concentrations upto about 20% gave better results. However, this is in
 
conjunction with more advanced type of technology where mechanical nixing
 
and heating is employed and the operation is in the thermophilic range.
 

Through recent trend favour its use as an animal feed supplement or
 
through the 'integrated farming concept' (11) for protein production via
 
the growth of algae and fish in oxidation ponds and then as fertilizer
 
in the outlet wattr stream.
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are for pumping irrigation watt-r and for electrical generation.
 

The skills required for construction, operation and maintenance of the
 
biogas system depend on the technical sophistication of the system design
 
as well as size. For small-scale units serving individual families, the
 
system is manually managable and skills required are minimal. For large-scale
 
operations, the s)'stem gets more complicated and would need 
a certain degree

of mechanisation. Though large-scale units may be more economical, the
 
lack of skills and technological base in rural areas of Africa would be 
in
 
favour of neither large scale nor sophisticated technologies. Thus, it
 
appears that the village-type biogas technologies developed over the past
 
two decades in Asia, with possible adaptation and modification, would be
 
appropriate for the rural 
areas of the African cotinent.
 

There are five basic biogas system designs in Asia:(13),(14)
 

1-	The Indian Khadi and Village Industries Commission (KVIC) floating gas

holder design. (15-17)
 

2-	The fixed dome Chinese design. (18-20)
 

3- The plastic bag digester (21) (Taiwan).
 

4-	The horizontal vertical (22) digester.
 

5- The batch digester (23).
 

The fifth type is different from the other types in that it is batch fed,

whereas the others are semi-continuous. Batch-fed digesters are used when
 
raw materials are fibrous like crop residues, or when the supply of raw
 
materials is available at long intervals. The supply of biogas is variable
 
and that of sludge is intermittent*. Batch digesters cost more and require
 
more man-hours to operate. Floating-type batch digesters are preferred ih
 
certain parts of Africa, (24-25) particularly in Upper Volta for : easy

maintenance and simple equipment, the small amount of water needed and the
 
easy adaptation to fermentation of non-fluid raw material (predominantly
 
vegetable mixture mostly dry grass with only 16-20% cow dung).
 

Simple sketches of the first four tvnps are shown in Figure 1, and a
 
comparison (26) between the two foremost types:the Indian and Chinese is
 
given in Table 1.
 

Bag digesters are now available ready-made in the market. They are more
 
costly than expected and some operating and maintenance problems have
 

* 	 At Maya farms (Philippines) the batch-fed biogas plants have 24 units in 
clusters. The retention tinL is 23 days. Every day one digester is
 
discharged and recharged the same day. 
Thus, there is uniform supply of
 
gas and sludge. This is possible only for rather large plants.
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been encountered. The digester bag is made of 0.55 mm. Hypalon laminated
 
with neoprene and reinforced with nylon, with a PVC inlet and outlet. The
 
digester and gas holder are both combined in one bag. It is mass produced*,
 
easy to transport and easy to install. The disadvantages are : less safe,
 
can be pierced or damaged, for gas pressure regulation additional weights
 
are put and can damage the bag, no stirring can be done and not accessible
 
for cleaning.
 

The horizontal digester with a floating gas holder was developed by
 
Maya Farms to suit Philippine conditions, particularly where the ground
 
is hard to dig and/or the water table is high and/or flood level is high.
 
It is also recommended for sizes larger than about 20 cu.m The effect of
 
fluctuations in ambient temperature (noted in the vertical type with floating
 
metallic gas holder) is minimised. The construction cost, however, is higher
 
than the vertical digester.
 

It may be noted that the best design for a digester does not yet exist and
 
certainly never will. For African countries, the ideal biogas plant would
 
be the one that can cope with local conditions (local skills, materials
 
available for construction, climate and materials available for feed). The
 
types presented, perhaps with adaptation and modification, can be appropriate
 
under the varied rural conditions prevailing in Africa . Such a situation
 
(pltug-flow and Indian floating combined) will be described later in the
 
case history of the Egyptian Biogas Program.
 

The size of the digester must be chosen not only according to available 
feeds or desired gas output , but socioeconomic factors must also be taken into 
account. A multi-faiily or community-scale unit might be more efficient 
under given conditions, but social structures or local customs may make a 
single family unit more practical.
 

3- Biogas Prospects in Rural Areas of Africa
 

Wood, animal dung, crop residues, kerosene, human and animal labour provide

the barest of energy necegsities for the majority of rural population in
 
Africa. Kerosene is now priced out of reach of many people (except when
 
heavily subsidised), and wood-except in heavily forested areas, is in
 
short supply*, The search of firewood occupies a large part of the working
 
day and has resulted in widespread deforestation. The consequen'..es of
 
forest destruction are increased soil erosion and siltation problems as
 
%-i as loss of important hydrological buffer functions. Dried manure when
 
used for tuel deprives the soil of a much needed source of humus and nitrogen.
 
Preparing meals at open fires using wood or dung is very inefficient and
 
health hazardous.
 

In spite of using chemical fertilizers, the fertility of the African soil
 

Avoilabl- in sizes from 5-100 cu.m. from Fortune Industrial Corporation,
 

Taipei.
 

The fuel wood shortage has been called "the other energy crisis".
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Table 1 - Comparison between the Indian & Chinese Digesters
 

Purpose 


Construction 


Input 


Out put 


Operation 


Gas Collection 


Gas Pressure 


Cost 


INDIAN 


Primary : gas 

Secondary: fertilizer 


simple masonry pit,easy to 

build but hard to intall 

where drum cannot be made 

or easily carried. 


virtually only cattle dung 

slurry may serve as septic 

tank 


automatic gravity flow 


- mostly flow fed 

- batch loaded(almost never)- can also work flow fed
 

CHINESE
 

Primary : fertilizer,
 
Secondary: gas
 

closed undezground masonry
 
or concrete tank with
 
adjacent effluent chamber.
 
Requires skill to render
 
gastight. Can be built
 
anywhere.
 

mostly mixed organic matter
 
(veg.,dung,feaces) many
 
plants wxclusively night
 
soil
 

by pump or by bucket
 

- batch loaded (generally).
 

- virtually no attention 

beyond mixing and feeding 
slurry 

in floating drum : 
- height of float shows gas 

- drum needs regular paint-


ing against corrosion 


- low:70 - 150 mm Water-
column 
steady,due to floating 
drum 

high because of metal drum 


fixture 


with dung slurry
 
labour intensive: for
 
batch loading & emptying
 
and for removing effluent
 

no drum; gas in sealed 
- gas volume & pressure 

shown by slurry height
 
in outlet
 

- high: up to 1000 mm
 
Watercolumn maximum
 

- constantly varying
 

lower cost because no
 
metal
 

Appearance presentable, neat neat, clean. unobstrusgive
 



is falling in many places because of the quick decrease of humic ratio.
 

Rural areas of Africa are also plagued by a lack of adequate sanitation.
 
Improper waste disposal spreads disease, contaminates water sources and
 
provides breeding grounds for disease carrying insects.
 

Biogas technology seems very promising solution to the above mentioned
 
problems. It appeers to be particularly adequate for humid and subhumid
 
areas of Africa as it normally requires substantial amounts of water for
 
dilution of raw materials. In arid regions this may make BCT unfeasible.
 
Anaerobic digestion is quite suitable for the humid tropics. The lush
 
vegetation, abundant water supply, and high ambient temperatures make
 
ideal conditions for digester operation.
 

The humid tropics are among the areas of greatest biomass production.
 
This vast and renewable biomass resource might be managed to sustain a
 
course of development of rural areas based on self-sufficiency, stability
 
and increased employment opportunity since biomass energy production is both
 
labour intensive and agriculture oriented. End use energy needs in these
 
areas match suitably with the type and quality of biomass eneigy sources.
 
More than fifty percent of the energy used by rural people in the tropics is
 
for cooking; a much smaller percentage is used for lightening, cultural
 
and eductional needs and about 30% is used for pumping water and powering
 
agricultural or village industries. Many experts believe the BGT is most
 
economical and practical system for producing high quality fuel from biomass(27).
 

In a report (28-29) examining the subject of village source energy for the
 
villages and farms of Sub-Saharan Africa, certain relevant statements are
 
worthy of quoting. "The BGT is known and reliable, particularly where
 
livestock are abundant. Although there are problems, biogas is one of the
 
moze promising of the whole host of small-scale technologies, particularly if
 
applied as a village biogas unit. For Africa, the degree to which biogasif
ication can be accepted and used will depend heavily on both the number of
 
sedentary cattle from which dkung can be collected and the willingnesu to handleit.Fo
 
most family-size biogas unit's, dung from a minimum of five head of cattle is
 
usually necessary for the process. For village scale use, of course there
 
would have to be a substantial degree of cooperation involved, both in
 
collection of dung and in distribution of gas and fertilizer by-products.
 
Biogasification has some promise for those cultures with domesticated
 
sedentary cattle, particularly if animals are penned or corralled, and provided
 
the people are accustomed to using dung or are otherwise willing to handle
 
dung. It would require some careful investigation of cultural habits for each
 
village or co-munity to ascertain this.
 

In Table 2, data (30) on livestock and poultry population as well as selected
 
agricultural crops in Africa as a whole, and in 
seven African countries are
 
compiled. It appears that the animal and agricultural wastes would provide
 
a good source for biogas generation. From the wetlands and waterways there
 
are weed monocultures currently dominant and a nuisance in blocking the
 
waterways (31) to traffic, fishing and efficient flow of irrigation water.
 
Their presence also favour the transmission of disease (such as malaria
 

http:handleit.Fo


and belharzia) 
as well as causes great loss* 
of water through transpiration.
The use of aquatic biomass for generation of biogas seems also propective
(32). The current 
rural African population is probably in the order of
400 million. 
The 
use of human wastes 
in conjunction with biogas production**
would have very important sanitation benefits, as well
production. as enhancing gas
The wastes from one 
person could be expected to yield about
0.03 m3 of biogas per day.
 

Potential direct benefits of biogas all-over Africa
 
If it is assumed that 50% of cattle wastes (excluding other animal and
poultry waste sources) had been collected and utilised for biogas production,
in addition to 
50% of the rural human excrement, to which 30%
dung weight) agricultural wastes (to keep proper C/N ratio) are 

(of cattle
 
added, it is
estimated that 
:
 

1- total biogas production per year would be around
24 x 109 m3 equivalent 
to 132 x 1012 K cal
 
or 
 15 x 109 liter kerosene
 
or 16 
x 106 liter gasoline
 
or 
 11 x 109 kg butane


compared to 
fuel wood with energy conversion efficiency in open fire
stoves of about 
10% (recovered as useful heat) whereas that for biogas
with good burners 
is about 60%, the biogas produeced would be
to 160 million tons of fuel wood. 
equivalent


This would provide the household
energy needs of about 160 million rural inhabitants.
 

Alternatively, 24 billion m
3 of biogas per year would generate about
40 billion kwh of electricity.
 

2- Digested effluent that 
can be utilized as 
fertilizer
 
a) When post-composted with agricultuval wastes could produce around
250 million ton per year of good organic fertilizer.
 
b) As 
a nitrogen fertilizer source 
(excluding its organic humus content
and phoshporous), it would have a nitrogen content equivalent to about
one million ton per year, or to about 2.4 million ton of urea 
(42% N2 ).


These direct tangible benefits, in addition to the other environmental
benefits should give a clear indication of biogas potential prospects in rural
Africa.
 

* The present estimate of water loss in Egypt 
is around 3500 million cubic
 
meter annually. 

** Through simple latrines attached to digesters.
 



4- Development and Utilizctioi: of Biogas Technology in Africa:
 
h1a,.,.,
fleins and Proble,.;. 

The application of village-type biogas technology in various parts

of the world exhibited various degrees of 
success. The Chinese and
 
Indian programs in particular were relatively successful. For
 
instance, more than 7 million biogas village units 
are now operating
 
in the People's Republic of China. 
 However, such success i: n
assurance 
of similar success in :-t'er
countries, particularly whe-rc.
 
there are great differences in resources, socio-economic conditions..
 
physical environment and living patterns. 
 Previous experience in
 
other developing countries that have started sizable biogas pro;-a:

has shown that success entails the development of vieble conditior
 
to ensure acceptance, adoption and propagation of the technology.

Thus, the technology should be appropriate and compatible with the
 
existing socio-economic conditions. 
 Further, adequate scientific and
 
technical infrastructure should be developed, and a sound national
 
policy and plans on technology promotion must be drawn up.
 

Key issues pertaining to BOT promotion and implementation have been
 
elucidated and well covered by a number of publications (33-38)

drawing principally on the Asian experience.
 

Although BGT present definite advantages for rural area, a number
 
of problems 
seem to prevent its widespread adoption. Constraint.i
 
may be identified as political, technical, 
social and economic.
 

On the political level, a major shortcoming in most plans and
 
programmes is the 
failure to establish clearly defined, quantifiable

and possibly attainable goals within the available resources and
 
prevailing constraints. 
 Conflict of policies and lack of cooperation

and coordination among the various authorities involved in rural
 
developmental aspects are frequently noted to handicap the desired
 
progress. Limited governmental funds for rural development is also
 
prevelant.
 

On the technical side, despite the exitence of reliable designs, it
 
appears that poor construction and operating practices resulted in
 
many failures. 
Many current designs also appear to be more expensive
 
than they need be, puLting biogas plants out of the reach of many

rural people. Little attention seems to have been paid 
to the effi
ciency of gas-use devices, with 
the result that these components of
 
the biogas system are generally inadequate.
 

Economic and social constraints to biogas adoption range from lack
 
of resource.,-capital, animals, land, 
time, water-to run the plants
efficiently, to the spatial arrangements of communities that may not 
provide sUit;LIL spacL area for dige.'ter installation or make carry
ing the digested slurry to the fields difficult. Large community

plants (39) can be 
a solution, but their operation is confronted
 
with many social and tuchnical problems. In some: areas, cultural,
 



social, psychological and ruligiots barriers exist to the extent of
 
resisting or even compleroly rejecting the technology.
 

In any attempt to help small farmers, cgnizane should be made that 
we are dealing with restrained systems. System restraints should be 
identified, and when some are to be relieved, the intricate inter
relationships of the whole system must be always taken into account 
since a modification to one aspect will have an impact on thc other 
parts. This would require a truly interdisciplinary systematic 
approach. 

To start BGT promotion in the right direction, we must first clearly
 
understand all about rural masses modes of life, convictions, reli
gious taboos, traditions, customs and attitudes so that we can
 
envisage what kind of preparation that might be necessary before
 
BGT introduction can hope to be successful.
 

Second, we should identify the peasants points of view and try to
 
introduce the features of the BGT in aisimple and convincing way to
 
these potential users and enable them to sort out their priorities
 
with a knowledge of the full benefits they could eventually achieve.
 
As with anything unfamiliar to their way of life, resistance is bound
 
to occlot. An adequate popularisat3on programme, including rural
 
school:- with simple illustrations, posters, movies and simple
 
demonstrative experiments can be quite helpful in this regard.
 

Farmers are naturally born economists (9). They ilways make trade
offs whenever they have to make a decision. When a farmer is told
 
a lot of good things about biogas, he would firstly ask about the
 
initial investment. He would make an economic comparison between
 
the biogas system and his other needs, and available alternative
 
sources of energy and fertilizer. Intangible benefits, such as
 
cleanlines- and hygienic aspects usually do not weigh heavily in his
 
balance. The net result is that such an investment from his view
pcint as an enterpreneur may not be quite appealing when he considers
 
the opportunity cost. Governmental incentives thus appear necessary*.
 

Supposing that the farmer has decided in favour of biogas, he would
 
then want to know about his burden in operating the biogas system.
 
lie will weigh all the time arid efforts required in running the system
 

* 	 Benefits on the national level are normally substantial (reduced 
need for foreign currency for energy imports, reduced destruction 
of forests and erosion of soils, public Lvalth and sanitation, and 
rural dvelop].ent), thus 'he investment would he ju';tifiahle from 
the national viewpoint. For this reason, varou:, forms.; of finan
cial assisstance had been developed, as in the case of other rural 
services. Assisstance carn be in the form of stibsidies and "soft" 
loanb. 
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against those needed in collecting other sources of fuel and
 

fertilizer.
 

Still if the farmer has finally decided to invest in a biogas system*,
 

he would need to know about the construction, operation, safety and
 

maintenance of the system. Though, village-type designs are apparent

ly simple, a certain level of technical skills has to be developed.
 

At this point, governmental technical assisstance, particularly in
 

the form of training, should be available.
 

Following these basic socio-economic surveys and preparations, a
 

policy has to be chosen, goals defined and the strategy to achieve
 
several questions have to
them must be worked out. At this stage, 

be answered (40) such as: 
- Current needs and sources of energy and which needs could be 

covered by biogas. 
- What kinds and amounts of bioconvertible materials are available
 

as digester feed? What sort of pretreatments would they require?
 

How could they best be gathered and at what cost?
 

What are the current uses of these materials and how would a
 -

new demand on them affect the system?
 

suit the conditions
- What type of biogas plants would best 

What local materials, skills and facilities are
encountered? 


available or can be developed?
 
How many units of what size would be necessary? Would single
-

family, family group or communal plants better suit the condi

tions and goals?
 
- Who will operate and maintain the biogas plant? How much train-


How do they get expert
ing do they need, and how do they get it? 


advice if necessary?
 
- How should the gas be distributed to the users? What equipment
 

do they need to use it? Can they afford it, and how do they
 

get it?
 
What will be the quality of the sludge? What should it be used
-

for and how will it be handled?
 

-
Whiih sanitary and safety precautions must be taken?
 

Based on these answers adequate decisions can be made. Since the
 

objective of any support programme should be to encourage biogas
 

development only in appropriate situations, care is needed to avoid
 

schemes forcing development ahead of the genuine interest of the
 

people concerned, and of their commitment to proper. operation and
 

maintenance (33).
 

In the next stage, demonstration plants may be installed since they
 

could be very effective means of spreading interest and awareness
 
in assessing the socio-technoin this type of development, as well as 


economic feasibility. In the demonstration stage, care should be
 

taken to select readily visible locations to the community (for inst

ance, community institutions) or convenient private premises where
 

is prepared to take the operational responsibilities as
the owner 

well as to face the inconvenience inherent in a "demonstration" unit.
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Feasibility studies can be made on the basis of the demonstration
 
experience and the accompanying performance tests. Though several
 
feasibility studies are reported in the published literature, their
 
adequacy is questionable. They seem to be somewhat biased for or
 
against the BGT. For instance, the KVIC assessments tend to neglect
 
the value of the feedstock. Other feasibility studies either neglect
 
completely the value of the digested slurry or treat the financial
 
appraisal in the same way as in the case of commercial investments
 
(use high interest rates and neglect the intangible benefits). It
 
is recommended that cost-benefit analyses should include both the
 
farmer and national levels. Good papers are available that provide
 
guidelines in this regard (41-42).
 

5-	 Research, Training, Exchange of Information and Co-operation
 
Aspects of Biogas Development and Use in Africa
 

To create and sustain viable conditions for BGT widespread promotion,
 
a strong supporting scientific and technical infrastructure is a
 
must. The transfer of appropriate technologies, their adaptation
 
and modification or eventual innovation cannot proceed without the
 
presence of an adequate research and development base. Similarly,
 
the implementation of biogas programs requires the various technical
 
skills needed in the construction, operation, maintenance and the
 
varied types of extension services. Such technical skills can only
 
be developed through tailored training programmes.
 

Host of the research and development (R & D) could be entrusted to
 
already existing universities or national laboratories in Africa,
 
until the time is ripe to establish central biogas R & D stations on
 
the national level. However, the R & D should be oriented toward
 
preset objectives and practical applications. R & D endeavours need
 
not start from scratch since there is a wealth of accumulated and
 
accessible information. To avoid duplication, and to guide and co
ordinate the R & D work, some form of a national committee should be
 
set up in respective African countries.
 

It would appear that the most profitable and needed R & D is in the
 
adaptive domain. Transfer and adaptation of the variety of current
 
appropriate biogas systems developed in various developing countries
 
(parLicularly Asian) as well as testing their performance under local
 
conditions and optimising or even developing modified versions.in
 
which local materials and skills can be beneficially utilized, appear
 
to present a considerable scope for local R & D. Some specific areas
 
for R & D are listed in the following:
 

i- D.,e r.-the limited availabilitv of livestock wastes in
 
cerL i, parts of Africa, digestibility studies using local
 
agricultural wastes would be of great advantage.
 

ii- Studies for determining and increasing the traditionally
 
acknowledged fertilizer value of the sludge.
 

iii-	 Investigations on growing plants hydroponically in sludge
enriched solution rather in soil (this technique is used in
 
China).
 

http:versions.in
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iv-
 Evaluate the possibilities of using sludge as direct feed
 
for cattle and fish.
 v-
 R & D aiming at improving the socio-economic feasibility of
BGT. Topics include: 
reduction of construction cost,
development of efficient gas-use devices, and community bio
gas systems*.


vi- Environmental issues particularly the problem of pathogenic

organisms and parasites.
 

Joint R & D programmes among the African countries, as 
well as other
countries should be strongly encouraged.

in 

A notably prospective step
this direction is the Commonwealth Science Council African Energy
Program biogas project (Annex 1). 
 The project is entitled "Biogas
technologies for rural energy needs in Africa" and is a joint R & D
and demonstration program involving Uganda, Kenya, Rwanda, Zambia,

Tanzania and Botswana.
 

In the 
same way, liaison and information exchange systems should be
strengthened within and among countries, 
so 
that R & D would be cooperative as far as possible. In the "Report on Working Group on
Energy Policy" (Annex 2), 
the idea of a regional centre 
for information and experience exchange was proposed (Zambia offered to host),
but the proposal was considered premature, though open for the future.
Perhaps, one 
of the bN organs conveniently located in Africa such as
UNEP (The United Nations Environment Programme) can serve in 
the
initial stage for this purpose, particularly since UNEP has 
a centre
for demonstration of the technical, economic and social feasibility
of harnessing solar, wind and biogas energy in Senegal for the
African region. 
Through its International Referral System (IRS)
UNEP is also facilitating information exchange on the subject of
biogas. 
A mechanism is, however, needed to establish this on a more
 
systematic basis.
 

Training should be an integral.part of any biogas programme (34).
The entire 
success of biogas development depends 
on the technical
skills available. And one failure might undo the value of a much
larger numbur of 
successes. 
 Training programmes should cover different skill levels and can be conducted in institutions involved in
biogas activities as well as 
on-site during field demonstrations.

Training on construction ad plastering techniques to 
ensure a liquid
and gas leak-proof system is believed to be of top priority.
 

* This may be benificially titilised within the somparatively recentAfrican trend for collective-farm agricultural economies.
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industry, utilities) and the component households. The energy needs
 
at the household level are: cooking, heating, lighting and water.
 

Ninety-five percent of cooking is done with wood; 
charcoal and
 
kerosene account 
for the remainder. Demand for wood-fuel is estimat
ed (8) at 2.3 cu.m. per capita per year (1630 kg). The evening cook
ing fire providub heat as well as 
some light. Additional lighting

requirements are estimated around 5 liters of kerosene per household
 
per month. Approximately 8 liters of water per person per day is a
 
reasonable minimum.
 

A.3. Biogas Developments
 

The actual organised biogas development programme started in Tanzania
 
by mid 1975. Before that, 
there were few units built by scattered
 
individual efforts.
 

The programme is undertaken by the Tanzanian Small Industries Develop
ment Organization (SIDO)* wiLh backup expertise from the Indian Khadi

and Village Industries Commission (KVIC). The programme commenced
 
v.il 6 demonstration plants of standard 
 Indian design on the basis 
of co.:.-di rL- feed in 6 different districts. The units were the family
size type ranging in capacity between 2 and 4 cu.m. The plants were
located in village community centres. The biogas produced was used 
for cookinq and lighting purposes. 

The few initial demonstrations proved successful and attracted
 
enthusiatic public attention. 
 This good response encouraged SIDO
 
to continue promotional endeavours to spread the biogas technology

in all p.icEs having good facilities and convincing infrastructure.
 

Since then, more units have been put up. 
 The total number by the

end of 1978 exceeded 29 vnits**. 
 Table 1, Annex 3 summarises the
 
status of installed units till May 1978. Installed plants covered

both domestic and small commercial types with capacities ranging from
 
2 to 10 cu.rm. E:.cept for 3 individual plants, the remainder was
 
located in com.nitv centres and institutions (Rural training centres,

schools, health centres and a prison). Costing for these gas plants
 
arc coltmpiled in Tables 2 & 3, Annex 3 in local .7lnzanian currency 
(Shillings or Shs, i US $ = 7.8 shs). 

As to gas utilizatlon and gas-use devices, SIDO relied during the
 
first two years of thf 
programme on imported appliances (i.e. lamps,
 

SlID; is th(: organization responsible of promoting and developing
 
small scale industries in Tanzania.
 
"n a more recent publication (45), the number is estimated at
 
o%.:r fifty unit!.
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mantles, stoves, etc.) thus costing foreign currency. Later on,
 

local manufacturing capabilities were employed. The burners were
 

made out of st-el after being produced in one of the local engineer

ing workshops. They were tested for suitability and found good.
 

Lamp3 were produced in another workshop and efforts were put on the
 

local manufacture of mantels.
 

Tests were also successfully made to run an Indian made diesel
 

engine on a mixture of biogas and gas oil. Satisfactory results
 

were obtained which averaged 70 % biogas and 30 % gas oil.
 

A.4. Evaluation of tne Biogas Implementation Programme
 

On account of the rather short life-span of the Tanzanian Biogas
 

programme, it is definitely premature to make a conclusive assessment.
 

A preliminary sort of appraisal based essentially on published
 

Tanzanian reports as well as the personal viewpoint of the authors
 

will be presented in the following.
 

From the standpoint of SIDO (44), the high-lights of the programme
 

achievements ,s w,]I as problems may summarised as follows:
 

I-	 The demonstration programme proved successful and quite 

fascinating to the public.
 

2-	 One of the foremost outcomes of the programme is the intense
 

training of personnel Till 1978, the total number of
 

participants in 6 regions that received technical know-how and
 

assisstance through SIDO was 16.
 

3-	 Propagation proceeded at a good rate as manifested by the
 

building of more than 29 plants in less than 3 years.
 

4-	 The portion of the programme relating to the development and
 

testing of gas-use.devices exhibited acceptable results,
 

though not catching-up with the other portion relating to
 

building of demonstration units.
 

5-	 Problems experienced in the course of programme implementation
 
were rather diverse, ranging from environme-tal conditions to
 

technological digest- a) Owing to Tanzania Topographical
 

conJition, the temperature could go as low as 80C, the state
 

at which gas output would be quite low; b) Since SIDO is
 

almost undertaking the fill responsibility in the development
 

stage (installation of plants, training of personnel, day-to

day running of the units and maintenance schedule), expertise
 

problems did arise and obstacles in running the units were
 

observed; c) Construction delays wer. frequent due to the
 

shortape of cement and the inadequate supply of other construc-

Lion, Lc2iS. 

In the joint Tarzarian-American workshop on solar energy for the 
villages of Tanzania which was huld in 1977 under the auspices of
 

Tanzania Ntionail Scientific Research Council, biogas generation
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was evaluated in the 
context of renewable energy resources applica
tions appropriate to 
the village. It was concluded; principally on
 
the basic of cast-effectiveness, availability of 
resources and long
range power requirements of villagers; 
that biogas generation is one
 
of the technologies" recommended. 
 On account of its relevance, the
 
following summary is extracted from the workshop report.
 

"Several biogas plants 
are already operating in Tanzania and a body

of experience in their construction and operation is being accumulated.
 
The results show that 
the use of biogas should be considered not only

for village lighting and cooking, but also for 
the generation of
 
electricity or mechanical power. 
The use of cattle dung is assumed.
 
The following Table gives 
the costs of lighting by a gas-mantle

lantern and with generated electricity when biogas is used (Table 2)
 

Analysis of the data shows 
that gas requirements for cooking three
 
times a day are approximately 1.4 m 3/day per family, which could be
 
supplied by dung from three to four cows. On the other hand, to
 
supply the elecrric lighting needs of a family (1 kWh/day) by using

biogas to operate an engine-generator set 
(at peak load) would
 
require 4-5 LN'/1,1v of heat energy, which could easily be 
supplied

by two cous. 
 Ihis method of lighting, therefore, is almost four
 
times as efficient, in energy use, as a gas-mantle lantern, 
even
t1.ou:h it renUires a much greater capital investment. Finally, this
 
same amoun Of C :s - the gas supplied by dung from one cow - would

provide mcochcanical po.t.r alone at 1 kWh/day. Of course, the variat
ions in methane coripos;stion that 
may occur in actual practice may
reduce the efficiLncy of the internal combustion engine by 
an un
known amount from the figures used in our calculations.
 

Another potential usQ for biogas, as a replacement for wood and
 
charcoal, is in firing clay pottery, used for water and cooking

vessels. For s:rll-scale production, 8 m3 
of methane, over a period

of aboit 5 houI's c;-e requ:red to fire earthenware to 1,O00OC in a

kiln havin a volune of 6 ft3 
(0.2 m3). This is the equivalent of
 
about 13 mi oi 
biogas, which could be supplied by a 4-day accumula
tion of bic)a.s from the dung of 5 cows. 
 Larger production capacities 
for in:-ance, 
a vi.llage industry - coujld be scaled up accordingly, and 
w'.,:Ild r,2pru:enr a::ther p- uL -1l use for cocmiunity digesters. 

To su::'..:r i 

Hear energy, c. v rrom a single-family biogas plant, can be supplied
at well V(l v: th:n on...-ninth) the equivalent energy cost of 
electrici ty.
 

Other techn'-] , ies recomrm.(ndrd were: photovoltaic electricity
 
genr'ration, small-scale hydroelectric generation, and solar
 
refriperation nnd drying for food and/or crop preservation.
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i .Table 	 2. Cost of Supplying Cooking Fuel, Lighting, Mechanical Power,
 
and Electricity by BiogaE.
 

Cattle dung: 10 kg/cow/day 

Biogas production: @ 0.06 m3 /kg dung 0.6 m 3/cow/day 

Base Data Energy content of biogas @ 607. methane: 
(This means that about 4 kWh of biogas 
energy is available daily from each 
'cow). 6.4 kWh/m 3 

System lifetime: 20 years 

Conversion efficiencies 

Internal-combustion engine: (c) 25 % 
Electrical generator: 90 % 

Plant Cost Single-fatmily plant (3 m3 ) Sh 6,000 

Sintle-fnmi ly pla:nr
Sh. 6,OUO @ 1O % for 20 years: Sh 705/yr 

Financing 
Costs (a) 

Engire/generator to provide.,l kWh/day
Sh 5,400 (d) @ 10 % (5 hr/day) Sh 5,940/yr 

Engine to provide 1 kWh/day 
mechanical energy 
Sh 3,200 (d) @ 10 % (4 hr/day) Sh 3,520/yr 

Cooking and lighting directly
 
by gas (20 kWh/day) 
 Sh 0.10/kWh
 

''Energy 
 Cooking and generation of
 

Costs (b) electricity 
@ I 	kWh/day Sh 18.2/kWh
 

Cooking and generation of

.mechanical power @ 1 kWh/day Sh 11.6/kWh
 

S/
 

(a) 	 Based on amortization of loan in equal yearly installments.
 
(b) Cost of energy production only - does not include cost of 

appliances, or cost of collecting dung.,
(c) 	 Efficiency at peak loading. At lower loading rates, engine 

efficiency would drop off rapidly, with consequent higher gas 
requiremnras. 

, ,'-" 	 Au _ 
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Ujamaa villages lend themselves readily to communal systems. Because
 
of the economies of scale in biogas plant construction, such communal
 
systems (e.g., schools, community latrines, community cattle-dung
 
digesters in Masai settlements) should be seriously considered."
 

In the authors opinion, though the initial phases of the Tanzanian
 
programme were fairly successful, yet there are several critical
 
points that may endanger future progress.
 

I-	 The ambitious and rather hurried implementation scheme may not
 
permit the proper build-up of the necessary supporting s2Jentific
 
and technical infrastructure. In fact, it seems that decision
 
makers, once convinced with a project of this nature, tend to
 
push for rapid implementation without allowing sufficient time
 
for preparation stages. (This trend was strongly resisted by
 
the Management of the Egyptian Project, which is going to be
 
our second illustrative case).
 

2- The Tanzanian programme relied heavily on Indian expertise
 
and know-how. Thus, the transfer of technology was basically
 
limited to one source, and little attention seemed to have been
 
given to appr:.Friate adaptation and modification to local
 
conditions.
 

3-	 The heavy in\'o.vcmcr of SIDO in undertaking the programme 
implementa ti:n, frum, inst:allation of plants to their daily 

operation and m:inrenance, may not lead to sufficient commit
ment of the '.iltigvers in the programne and the kind of attach
ment that woimld ens,:re the required level of adoption and 
continuity. 

B. 	Case 2: Egvpt (46) 

B.I. General
 

Egypt covers an area of about one million square kilometers. The
 
Nile Valley covers on~y 4 % of the land area. The present populat
ion is around 42 million. Thus, the population density in the Delta
 
and Nile Valley is quite high, amounting on the average to about 1000
 
persons per square kilometer.
 

The agricultural population (55 % of the total), is engaged in
 
practising a system, of agriculture which has largely remained un
changed for five thousand years. Recent increases in labour wages,
 
have induced a gradual trend toward shifting to mechanisation. 
Presenily, the total land under cultivation amounts only to about 
30,0001, -q. ,:. 

Egypt , nru',-nd 4000 villages.
is 	 The average village population is
 
5000 persons, and the average family size is about 5. Each large
village ha! a number of surrounding small villages. The total number 
of the-t, sub-villaee is estimated at 30000. The government is 
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undertaking a major rural electrification program. About 3000large
 
villages (out of the 4000) are supposed to be connected at present to
 
the national grid. The small size sub-villages are not included.
 
And even in electrified villages, the percent of rural household
 
electrified is only around 20 %/ Thus, kerosene lighting represent
 
the major percent.
 

Huge efforts are being devoted to extending and improving the irri
gated area in Egypt, and to production of new irrigated lands from
 
desert areas. In such settlements, new-planned villages (which are
 
quite different from the traditional-type villages) are established.
 

In recent years, Egypt has become a net staple food importing country,
 
particularly wheat. Plow cultivation cropping includes: cotton,
 

wheat, rice, maize and vegetables. Approximately, one-third of the
 

total land area is devoted to fodder crops to feed the livestock,
 
much of which is used for draught and transport purposes.
 

The total number of animals in Egypt is about 10 million: 2.2 million
 
cows, 2.3 mLllion water buffaloes, 3.4 million sheep and goats, 1.5
 
million donkeys and thu.remainder includes camel and horses. An
 
acute fodder problem is prevailing in Egypt.
 

B.2. Energ.' Sources and Nepds in ural Egypt
 

The major sources of energy available to most Egyptian villages are
 
the non-commercial sources (dung cakes and agricultural wastes),
 
which are estimaLed to have provided over one-third of the total
 

energy consumed in Egypt in 1975. The present use of biomass in
 
Egypt often involves open fire stoves which are in~convenlent to use
 
and pose a health hazard due to heavy concentrations of smoke in the
 
building. Consequently, rural people are tending to switch to
 
kerosene or butane stoves as soon as finances permit. In fact, there
 
is significant demand on-commercial energy sources in rural areas,
 
and consumption of petroleum products is increasing very rapidly,
 
almost doubling every 8 years. It is worthy to note that these
 
petroleum products are very heavily subsidised by the Government.
 

A preliminary rough estimate was made of the biogas that could be
 
produced by utilization of crop residues already used as energy 
sources as well as animal and human wastes available in Egyptian 
villages. This indicated that the biogas could provide the major 
portion of the residential rural energy requirements, i.e., substitut
ing for all the non-commercial sources as well as kerosene and butagas. 
Furthermore, as additional amount of organic fertilizer equivalent to 
more than 12 million tons of farm yard manure would be produced, which 
would othert.i( be lost through the direct burning of crop residues 
and dung cakes. 'Tis is, also very important since it is estimated 
that the present deficit in farm yard manure in Egypt is more than 80
 

million tons per year.
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B.3. Biogas Developments
 

Since 	the early seventies, research 
on bioconversion and biogas
 

condLcted at
 
production from agricultural and animal wastes was 


Very few, mostly un-

Egyptian universities and research 

institutes. 


successful attempts were made to build 
and operate 	pilot digesters.
 

A national R & D and demonstration 
programme started by the end of
 

The
 
1978 for the development and application of 

village-scale BGT. 


programme is managed by the Egyptian 
National Research Centre Under
 

the auspices of the Academy of Scientific Research 	and 
Technology,
 

and is financially supported by 
the USAID.
 

the 5-year Froject, 	is to demonstrate 
that
 

The overall objective of 


the application of BOT is technically, 
socially and economically
 

lay the foundation for sub
areas of Egypt; and 	to 


feasible in rural 	 The project
on the national scale. 

sequent wide-spread implementation 


is executed by an interdisciplinary 
team of scientists, engineers
 

and sociologists.
 

fact-finding phase in which the
 
The project started 	with a short 
 was conducted in
 
BGT state-of-art was assessed, an 

Asian study tour 


China, India and Thailand, socio-economic 
surveys of typical Egyptian
 

villages were undertaken, and two 
villages representing traditional
 

field demonstra
as well as new-planned types have been selected 

for 


tion.
 

The second phase, which is almost 
complete, encompassed extensive
 

Considerable digestibility research 
work was done
 

R & D endeavours. 

to determine optimum conditions conducive 

to greater efficiency,
 

highest pathogens destruction rates 
and diminishing the effect of
 

Various substrates including cow
 
toxic and inhibitory materials. 
 (weeds, water hyacinth, maize
 
dung, sewage and agricultural wastes 


and cotton stalks) were investigated at 
different mixing ratios,
 

Certain pretreatments including
 
organic loading and 	temperature. 


also examined. Laboratory research was as well
 
pre-composting were 
 the selective inhibition of
 two relevant problems:
conducted on 
 and embryos of Ascaris.
 
hydrogen sulphide, and destruction 

of ova 


the evaluation of digested
 
A sizable portion of work was done 

on 
as well as on their
 

fertilizer and soil 	conditioner;
products as 

handling, storage and application.
 

directed towards design,

The engineering and 	development work was 


construction, operation and testing 
of three family-size prototype

as
 
the demonstration site of the National Research Centre; 


units at 	 The first
 
development of local appropriate gas-use 

devices. 

well as 
 3 rectangular digester of Chinese
 
prototype unit is a 	fixed roof 10 m


The second is 6 m
3 cylindrical wide, shallow type domedesign. 


roofed Chinese digester. It is anticipated, after 	the experience
 
successful
 

gained with construction of the second 
prototype and its 


this type has good prospects as
 one year, that
operation for almost 
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It presently costs around
 a family-size unit in rural areas of Egypt. 


US $ 300 using locally available materials and skills. The third
 

prototype unit, which has been recently constructed, is a new adapted
 

design combining the features of both plug flow and the Indian mov

able cap types (Fig. 2). Its effective size is about 7 m
3 and costed
 

around $ 500. Provisions for solar heating of feed water, composting
 

on the top of the plug flow part, and

of the digester effluent 


to both a latrine and an animal shed were incorprated in
attachment 

the 	unit. This type seems readily expandable to the community size.
 

The 	National Research Centre demonstration site, with all the biogas
 

systins present, is also utilised for training as well as for publi

cising the BGT.
 

Field demonstrations will shortly start in a traditional village
 

where a complete socio-economic survey was made, active linking 
ties
 

were developed arid preparatory orientation* started. It is planned
 

to construct five demonstration units: four family size and one
 

community type. Demonstrations in the second new-planned village
 

will follow. Close follow-up and assessment of various factors and
 

impacts will continue to enable a thorough socio-techno-economic
 

appraisal of BGT feasibility in rural areas of Egypt.
 

At this point, a final comment on both cases is perhaps in order.
 
the
It appears that neither the enthusiatic Tanzanian approach, nor 


conservative and cautions attitude of the Egyptian programme are
 

Probably, a compromise would be
recommendable courses of action. 

the best. In fact, recent developments in the Tanzanian programme
 

and indeed the attitude
 seem to give attention to the R & D support, 


of the Egyptian project management has undergone modification toward
 

enhanc.-d implementation by pushing up the schedule of the village
 

demonstrations.
 

7-	 Suggestions for Development and Utilization of Biogas at National
 

Subregional and Regional Level in Africa
 

Large-scale implementation of a biogas programme is a lengthy and
 

complex affair. A methodological, well-supported plan of action is
 

break down the economic, cultural and institutional barriers
needed to 

they often are
in tradition-dominated rural communities geared as to
 

subsistence or semi-subsistence living.
 

To hasten the adoption and propagation of BGT, measures taken on the
 

are of utmost importance. Collaborative
individual country national level 


Simple posters, slides and movie presentation, in addition to simple
 
were fruitful.
demonstration with a mobile exhibition unit (Fig. 3) 
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Figu~re 3. Simple mobile exhibition, ini-t 
used Jn publicising BGT in Eg~vpt 
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subregional and regional level endeavours would be catalytic and
 

sprve as auxiliary support of the country programmes.
 

devise individual approaches
The respective countries will have to 


conditions in each country are different. Nevertheless, some
 as 

can be recommended on the
general guidelines on the national level 


basis of the experience already gained through the implementation
 

of biogas programmes in some countries.
 

for and r ospects of BGT within
I- Identification of the need 

the framework of local conditions, national goals and priorities.
 

2- Setting of programme goals and strategy as an essential guide
 

to R & D, demonstration and implementation on the national
 

scale.
 
3- Making a country inventory of the institutions and individuals
 

having particular interest in and/or related to the biogas
 

system.
 
Establishment of an efficient administrative mechanism to act
4-


a national focal point for biogas development. Such a focal
 as 

point could provide a single channel for information*, provide
 

and training, undertake
a mechanism for liaison in R & D** 

administrative and executive responsibilities; as well as 
ex.

change of information and liaison with other countries and
 

international organizations.
 
5- Prior to taking a final decision on BGT adoption and wide

spread implementation, a "biogas for villages pilot (or
 

demonstration) project" should be establir7%ed to explore the
 

BOT practical prospects and assess the socio-economic feasi

bility.
 

On the subregional and regional levels, perhaps coordination and co

operation within the wider scope of renewable energy resources would
 

in the initial stages. Emphasis should
be more appropriate, at least 


be on aspects of group or general interest, such as joint manufacture
 

of gas-use devices, integrated biogas systems and community scale
 

plants.
 

the subregional
Possible areas of collaboration, particularly on 


level (refer to Annex 2) could encompass: information and expertise
 

exchange, joint R & D projects, as well as educational and training
 

programmes.
 

On the regional level, two types of activities (47) are worthy of
 

consideration:
 

* Data storage and dissemination, central biogas library, preparation 

of bulletins and pamphlets, etc.
 

Every effort should be made to utilize the existing academic and
* 

research institutions to reduce overhead expenditure.
 



I- Organization -:f specialised workshops, ann.
 
2- Emtablishment of a regional institute for research and
 

Inter-regional workshops including African, Asian and Latin American
 
representation together with representatives from international
 
agencies would be very effective media for discussing central issues
 
and exchanging experience in the field of BGT.
 

A regional research and development centre, staffed basically with
 
multidisciplinary African personnel, could serve a leading rule in
 
generating an information base, carrying R & D to meet regional needs,
 
provide adequate training facilities, and maintaining close contact
 
with &ocientificand engineering developments and BGT applications in
 
Otlr centres of the world.
 

UN organs, such as UNEP can take the lead in initiating such a centre.
 
As previously mentioned, UNEP has a renewable energy demonstration
 
centre in Senegal for the African region. UNEP has also participated
 
in organising several international workshops. The biogas seminar
 
held in China (48) in 1979 under the joint sponsorship of UNEP and
 
the Environment Protection Office of China's State Council, is
 
worthy of mention as it was extremely beneficial in ext2nding the
 
Chinese biogas experience to other parts of the Third World.
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is expected to play u,5. 	 An indiecition of the role that technology 

ackieving policy objectives as an essential guide to energy research, 
and 

development.demonstration and 	commercialization activities, 

resentation to energy policy makers of the options offered
 

technology.
 

of 	life in order to identifyon 	the existing mode6. 	 Implications 
use and acceptability i e 

need ror training in production 	methods, 
of technology and market penetration.

How to cope with the problems 

an 	optimal energy resources mix. 
7. 	 Undertaking studics so as to arrive at 

of the following:include one or more
8. Conservaion efiorts which 	may 

. delilvor.itely restrLcted consumption by changes in hours of service. 

. p o od I tn o b.

.	 limated importation of certain types of vehicles 

f ul ratiorr z 

.	 ch gles in consumptiorn patterns 

. tase of price mechanism
 
insulation
 aerchitectural changes in design of buildings, 


of building., etc.
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Areas of collaboration: 

The group d,.cu.sed potential areas ror collaborative effort and 
for possible attention;tentatively drew up the list below 

. ,rormaticoi exchange on national eierlgy policies 

- data collection, analysis and methodology 

- development of shared energy resources 

- possible pooling of energy resources 

possible joint use of t-ansportation systems 

- joint measures for the con.,,ervation of eco-systems affecting 
encrKv .upplic. 

- exchuige of held experience and expertise 

- shared use of relevant facilitics. 

Ii wais propo.sed to establish a regional centre for information 
The groupexchange on energy%policy which Zambia offcred to host. 

discussed the proposal but considered it premature, though open 
ror the future. 

Asststance from CSC: 

lt was noted ih-it most countries w.ll probably require assistance in the. 
policies in which the Commonwealthlormulatior, oF their national energy 

Science Council could pro ide the necessary support in the form of 
expertlse or financc. Similarly CSC could assist by encouraging the 

exchange of field experience and expertise through the provision of 
funds to cover the costs involved (travelling, subsistence allowances, 
etc), and data collection and dissemination. 

Oj' 



Annex 3 - Tanzanian Case
 

Supplementary Tables. 

Source : Reference (44) 
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TableZ: COSTINGS FOR FAMILY GAS PLANTS 

CauncitV 

(cu.=) L A 8 0 U R 
MATERIALS FOR CONSTRUCTIONS AND 

FAS3ICATION OF GAS HOLDER 

Excavation 
(shs) 

Hazonary 
work 

Bricks Cement Sand Gas 
Holder, PIPE TOTAL 

(h 
frame & FITTING ESTIMA.TE 
Sloves 

1. 2 30 0 60o 500 200 3,000 6oo 5,1400 
2. 300 400 1,000 600 300 3,1.00 700 6,700 

3. 4 400 700 1,400 74o 1oo 1,Ooo 800 8,440 

.- 6 500 800 1,700 800 500 5,600 1,000 20,o00 

5. 
-- S===---_== 

8 
== ==r-= 

800 
=:===t 

1,000 
===Zt . 

22000 
_- .=_: 

ROO 
= 

650 
-x*m~= 

7,800 1,200 14,250 
. 

A-m r m = = - = : - : == = € i Imt I , 



COSTINGS FOR COMLQCIAL PLANTS (INDUST.IIAL) 

C. CP..-

(CU.m) I 

L.,012 C..RGES 

M.SON ARY 

BRICKS.I CEMENT SAND G %S 

OLD 

STOVU 

L 

ar FITTING TOTAL 

COST 

10 

15 

20 

1,000 

1,6oo 

2 ., 2 00 

1,200 

11,950 

2,700 

j2,500 

. 3,0001'3 

3,500 

1,000 

1,800 

2,600 

800 1 

1,200 

1,600 j 

9,000 

13,oo 

17,000 

1,100 

1,400 

1,700 

t 1500 

1,550 

1,800 

1 17,900 

25,500
2,5003,0 

25 1 8000 3,450 ,00 3,400 2,000 21,000 2,000 2,050 ,0,700 

. 

35 

4 

4,050
. ... 

4,200 4.650 

4.600 ,00o____ __ y1 
- IT 

1,200 N,6OO I 

2,600 

3,2OO 

27,000 II 
33,000 1 

2.600 

200 

2,650 

3,25 

1 t,, O 

1,300 


