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SUMMARY

This report contains the proceedings of a training workshop on monitoring
and evaluation of biogas systems held in Lusaka, Zambia from the 29 August -
1  September 1983. The workshop, organised under the African Energy
Programme of the Commonwealth Science Council, reviewed the progress of the
regional overseas research project involving scientists from Kenya, Mauritius,
Seychelles, Tanzania, Uganda, Zambia and Zimbabwe. The workshop, co-
sponsored by the National Council of Scientific Research of Zambia, was funded
by the UK - Overseas Development Administration, and reviewed progress on
the projects as well as considering techniques and methodologies of monitoring

and evaluating biogas systems.

Country papers from each of the seven participating countries were
presented and discussed. A set of four technical background papers on
monitoring an devaluation were presented, followed by discussions which let to
the drafting of a set of guidelines on monitoring and evaluating biogas systems.
Finally there was a discussion of the future of the projects after the end of the

current ODA grant in March 1984,



1.

INTRODUCTION

The Workshop on monitoring and evaluating biogas systems was
convened by the Commonwealth Science Council, hosted by the
National Council of Scientific Research ofZambia at their offices in
Lusaka, Zambia and sponsored by the Overseas Development
Administration of the United Kingdom. The workshop reviewed the
progress of the ODA-funded biogas research project, which is part
of the CSC's African Energy Programme, and considered techniques
and methodologies of monitoring and evaluating biogas systems, with

particular reference to the AEP projects.

The review session of the workshop was convened as a routine part
of the CSC's procedure for managing research projects, in which
both scientific findings and operational progress are regularly
reviewed. The more detalled technical discussions on monitoring and
evaluation were considered to be necessary in view of the differing
and sometimes inconsistent approach to monitoring, evaluation and
scientific reporting among the various national project co-ordinators.
While the reports produced by the co-ordinators were generally
sound in the context of their respective projects, their differences
in approach frequently hindered exchange of experience between
different projects. The workshop therefore aimed to develop a basic
methodology and a set of techniques which could be applied in all

the projects.

Country papers from each of the seven participating countries were
presented and discussed. A set of four technical background
papers on monitoring and evaluation were presented, followed by
discussions which let to the drafting of a set of guidelines on
monitoring and evaluating biogas systems. Finally there was a
discussion of the future of the projects after the end of the current

ODA grant in March 1984.

PROCEEDINGS

The workshop participants were welcomed to Zambia ‘by Dr S M
Silangwa, Secretary-General of the National Council for Scientific
Research. He expressed his pleasure on behalf of the Council in
hosting the meeting. He expressed the hope that the meeting would
make a fruitful contribution to the progress of the Biogas Project.



He welcomed the opportunity to expose a number of Zambian
Scientists to the discussions of work on biogas being conducted
elsewhere in Africa. Dr Silangwa invited the Prime Minister of
Zambia to open the Workshop.

In his opening remarks the Right Honourable Prime Minister of
Zambia, Mr Nalumino Mundia, extended the greetings of the
Government of Zambia to the workshop participants. He pointed out
how relevant the technology of biogas was to Zambia In its efforts to
develop its indigenous energy resources, in order to reduce its
dependance on imported fuels. While efforts to exploit hydroelectric
energy and coal reserves were providing energy for industry and
the urban population, it would require a massive effort to distribute
this energy to the rural population. The Zambian Energy Policy
therefore now included the development of renewable energy sources
which would be more cost effective in rural areas. Biogas
production was one of the technologies under consideration, and
offered the potential to solve several problems in addition to
providing energy - it could relieve the environmental pressure of
deforestation, offer hygenic rural sanitation, and provide a valuable
fertiliser to replace imported artificial products. Prime Minister
Mundia pointed out that while Africa was well endowed with energy
resources, both renewable and non-renewable, the continent's major
problem was the lack of local skills, technology and investment to
exploit those resources. He therefore welcomed the opportunity of
hosting the workshop and expressed the hope that all participants,
including Zambians would benefit from exposure to the experience of

researchers in other parts of Africa.

Dr Silangwa thanked the Prime Minister for his interesting and
encouraging remarks and invited the Commonwealth Science Council's
representative Mr Robert Dewing to offer a vote of thanks.

Mr Dewing began by thanking the Government of Zambia for its
hospitality in hosting the workshop. He then gave an outline of the
CSC's African Energy Programme, and went on to describe the
developments in the biogas project which has given rise to the
present workshop. He expressed the hope that the outcome of the
participants' deliberations would lead to some wuseful scientific
conclusions as the end of the current ODA grant approached in



March 1984, and enhance the prospects for the project securing
further funding for those elements of the research which need to

continue beyond that data.
3.0 TECHNICAL SESSIONS

3.1 'rechntcal Introduction

Dr Pyle began the technical sessions of the workshop by introducing
his first paper (reference 1), which discussed the status of biogas
in varilous parts of the Third World. The main interest in blogas in
the Third World has been in Asia and the Pacific, with very little in
Africa and Latin America. The most widespread use of biogas
occurs in China and India. The principal problem encountered in
popularising biogas among the low-income rural poor is the high
capital outlay involved in setting up a digester despite the low
marginal cost of the fuel and fertiliser which are produced. The
paper discussed the experience of various Third World countries and
pointed out that the major problems facing biogas are not purely
technical, but involve social and economic factors. The paper is not
reproduced in full in this report as it is about 30 pages long; it is
cited as reference 1 in the bibliography.

Paper 2

Dr Pyle's second paper briefly describes some current developments
in digester design and discusses the comparative advantages and
disadvantages of various designs. The paper includes illustrations

of a number of design configurations.

Paper 2: Developments and Trends in Biogas Technology, by Dr. L. Pyle

There already exists a range of biogas designs which can handle a variety
of input substrates and operate more or less reliably and more or less
efficiently. (Detalls can be found, for example, in Basnett et al, Pyle
(paper 1)). However, there is a need to develop new designs and to
refine the detalled designs of existing models to meet the following

objectives in particular:

l. To Iimprove technical efficiency (i.e. the vyield and rate of

production of gas);

2. To improve reliability;



3. To enable operation with a range of inputs (e.g. crop residues,
effluents, human excreta, etc. etc.), and to minimise the use of

expensive or scarce materials;
4. To reduce the costs of operation.

In practice, there will be no single 'best' design; in a particular location
this will result from a trade-off between competing objectives and
intelligent adaptation to accommodate local constraints. On the other hand,
there is a lot to be learned from work across the world to improve
digester designs to meet the listed objectives. Few radically new, tested
designs have been developed since my survey (paper 1) a few years ago,
but a number are very close to adoption. The need now is to collect and
assess reliable and comparable data on the technical (and economic)

operation of the range of designs.

Figure 1 illustrates schematically the range of digester types. Some
examples of conventional single stage units are outlined and described
briefly in paper 1. For example the familiar Indian KVIC and Chinese fixed
dome designs fall into this category. Examples of plug flow digesters
include the early Fry design, the large scale interconnected Chinese
design (fig. 7, paper 1); the Taiwanese bag diQester (figure 2); a similar
and well-tested design has also been developed by Jewell and co-workers.
Many local variants on these designs are known or being tested: there will
always be a need to accommodate designs to local conditions, materials

avallability and price.

Surprisingly little serious attention has been pald to batch or semi-batch
operation, despite the relative simplicity of such designs. One possible
advantage is their ability to handle essentially solid or "dry" substrates
(il.e. up to 40 to 50% solids concentrations): although little experimental
data is avallable we do know that such designs can be operated. Apart
from opening up a wider range of feed materials, operation at high
concentrations should imply lower digester volumes (and therefore costs),

and, of course, reduced water requirements.

It is now widely accepted that one of the intrinsic limitations in all these
designs is the limited 'natural' hold-up of active micro-organisms in the
digester. In any through-flow system a mixture of living and dead bacteria
will be lost with the slurry. In practice the rate of gas production per
unit volume of digester is directly proportional to the concentration or
hold up of bacteria in the digester. Considerable attention has thus been



devoted recently to increasing this concentration level. The recycle
digester (3) in figure 1 is one example: this invariably gives rise to
problems in the separator/concentrator and does not look a very attractive

proposition for on-farm or small community applications.

The anaerobic filter ((4), fig. 1) is a well-proven and old alternative,
which has mainly been used in larger scale urban sewage disposal systems.
The packing or support is an inert solid such as stone or coal. One
limitation of this design is that it cannot handle inputs with high solids
contents (because of blocking). It also must be cleaned and regenerated
from time to time. Recent developments have however shown that simple
filters may be suitable in developing countries, especially for liquid wastes

- designs incorporating local materials are easily engineered and operation

is relatively straightforward.

The fluidised bed digester takes the anaerobic filter a stage further. Here
the support particles are suspended in the upflowing liquid and are thus

free to move. This has a number of consequences. Blockage should be less
of a problem; the digester contents are more-or-less mixed; it is possible
to operate such a unit continuously since particles can be withdrawn and
added without interrupting operation. Some of the advantages of such
units are discussed by Mistry et al (13983).

Both these designs depend on the ablility of the micro-organisms to stick
to surfaces and to each other and thus to form films. This ability - or
flocculation - is used in the upwards flow sludge blanket (U.A.S.B.)
digester ((4) in figure 1; figure 3), which is suitable for soluble waste
streams. Here a 'blanket' of active biomass forms in the digester and the
substrate flows through it. Another design which depends on the
flocculation/settling ability of the active biomass is shown in figure 4.
This is an extension of the plug flow digester, and is presently being

tested.

Sometimes it may be appropriate to _rlgl_d_ the bacteria in position - for
example, by trapping them inside a porous envelope: Mistry et al (1983)
describe one such design where the biomass is immobilised in spheres of
alginate gel. It is interesting to note that the process of immobilisation
itself apparently accelerates the rate of gas production. Again, this design
is more likely to be useful for soluble rather than insoluble substrates.

In all this set of designs, the retention time in the digester of liquid and
solid biomass is different, and this Is an important key to their improved

A

performance.



Another key feature of anaerobic digestion relates to the microbiology.
Although the overall process is complex and involves different types of
bacteria (see paper 3) we can divide the process into two or three main
stages (figure 5). When the starting material (i.e. the polymer) is
insoluble (e.g. straw), it is likely that the rate-limiting stage is the rate
of hydrolysis to simple sugars and intermediates (i.e. stage 1). When the
starting materials are easily hydrolysed (e.g. soluble wastes, piggery
wastes etc.) the limiting process is that of methanogenesis (stage 3). In
any event (see paper 3) the implication is the same, since the optimum
conditions for stages 1 and 2 do not necessarily coincide with those for
the methanogenesis to flourish (stage 3): thus, why not separate out
stages 1 and 2 and 3 from each other? This is illustrated by 5 in figure 1.
The first example there outlines a configuration for a relatively soluble
substance, in which the conditions in digester 1 are optimal for acid
production (low pH); digester 2 operates at a higher pH and is the vessel
where the acids are converted to methane and carbon dioxide. The second
example refers to an insoluble substrate: this is converted to acids (again
at low pH) in the first, concentrated, digester; the acids are recycled
through the second digester where most of the methane production takes

place.

Tables 1, 2 and 3 summarise some recent comparative information on, (a)
continuous and plug flow digesters and, (b), two stage processes. These

are also discussed in paper 3.

Conclusions

This review supplements paper 1, and indicates some recent developments
at a process level, rather than at the level of detailed design, in
anaerobic digestion. The designs described above are being developed in
response to a variety of stimull and also reflect the growing understanding
of the basic process. They illustrate the wide range of alternatives
available, and the need for careful definition of the problem and the

objectives of biogas operation.

Although I have said little here about detailed design and the need to
adapt basic designs to local needs and constraints, that does not imply
that such processes are unimportant - quite the contrary. However, it is
useful and instructive to separate out the principles of the basic design
and the detailed and practical issues in developing any basic design into a
working digester system.,



TABLE 1: COMPARISON OF COMPLETELY MIXED DIGESTER WITH

PLUG FLOW DIGESTER

Completely mixed Plug flow
HRT (d) 15 30 15 30
Gas production rate (m3m-3d-1) 2.13 1.13 2.32  1.26
Specific gas production
(m3kg VS added '1) 0.281 0.310 0.337 0.364
Gas composition (% CHy) 55 58 55 57
Volatile solids reduction (%) 27.8 31.7 34.1 40.6
TABLE 2: TWO PHASE DIGESTERS
Stage 1! (ACID) 2 (METHANE)
pH 5.7 5.9 7 7.4
Retention 0.5 1 day 6.5 days
Methane 0.6 m3/m3 day 4.6 8.9 m3/m3 day
Acids (mgle) 4500 150
TABLE 3: COMPARISON OF DIGESTERS
1 2
High Rate Two Stage
Methane production m3/m3 1 1.5
Volatile Solids Reduction 34 43
Digester Volume Ratio 1 (8 units) 1/3
Cost (106 § ) 13.5 4.8
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302.1

I.

COUNTRY REPORTS
Kenya

By Gichuki Muchiri and Lawrence Gumbe, University of Nairobi

SUMMARY

Floating dome, fixed dome, and plug flow digesters have been
constructed. Tests have been conducted principally on the floating
dome and fixed dome digesters. Measurements have been made of
pH, digester temperature, and gas output. Various types of
cooking stove have been tested. Problems have been encountered
with a shortage of measuring instruments, and poor quality digester
construction. Results so far obtained show the floating dome design
to be preferable to the fixed dome.

OBJECTIVES

the "Biogas slurry systems" project centered at the Department of
Agricultural Engineering of the University of Nairobi, Kabete
Campus, was set up with the following objectives:

a) To analyse farm level energy needs for household and

agricultural users;

b) To select biogas-slurry technologies that are likely to meet
these energy needs;

c) to evaluate, modify design and test methane digesters
under local conditions;

d) To carry out concurrent pilot schemes to determine farmer

acceptance,;

e) To maintain back-up research and development services
which can provide design, operation and maintenance
information to users and producers of biogas-slurry

technology;

f) To produce a designer's manual for biogas digester
design.

Three major types of bilogas digester were selected for monitoring at
Kabete the Indian (KVIC) floating dome type, Chinese dome type
and the overground plug flow Javanese type.



I1.

TECHNICAL REPORT

Background

The 13 m3 Indian design unit was constructed in 1978 with funds
from the Industrial Survey and Promotion Centre of the Ministry of
Commerce and Industry; it was attached to a family house with the
purpose of monitoring the energy requirements of the family.
Initially there were structural problems with the unit due to shoddy
workmanship resulting in the collapse of the central portion during
the first filling, and cracks in the digester wall. There were
operational problems due to an inadequate supply of dung and
shortage of water for mixing with the substrate. By late 1979 the
above problems had been overcome and the unit was functioning

satisfactorily.

The design of the 4 m3 chinese type digester was completed in early
1982. The digester was sited near a house with the intention of
monitoring gas consumption of the household. The construction was

divided into three main phases:

a) excavation
b) material movement, and
c) building

Three casual labourers, a technician, a lab assistant and a mason
were engaged for the work. The digester has a dome shaped gas
holder with cylindrical sides, is flat bottomed and is underground.
The foundation was made of 15 cm hardcore f{ill appropriately
compacted. The cylindrical tank was built of salvaged hard building
stones whilst the dome shaped gas collector was built of 1:1}:3
concrete reinforced with a single layer of 1 mm by 15 cm by 15 cm

weld mesh.

Excavation of the hole was mainly done by the casual labourers and
took 26 mandays. Movement of materials required 10 mandays. The
hard core fill required 4 mandays whilst building the digester took
70 mandays, including:

a) floor construction - 9 mandays
b) cylindrical tank construction - 15 mandays
c) dome construction - 25 mandays



(1)

(1)
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The gas was piped through a 7.5 cm steel pipe on which was

installed a gas meter and a mamometer.

The digester was first filled with cowdung on 21.7.82 and gas
production was first observed on 6.8.82.

Experimental methods

The two digester units were monitored daily at 9 am and 3 pm for

temperature, pH, pressure and volume of gas consumed.

The temperature for the Chinese unit was monitored by inserting a
thermal probe in the inlet and outlet and averaging the two. For
the Indian unit, the temperature was measured by inserting the
thermal probe at two arbitrary points and taking the arithmetic mean

of the two temperatures,

The pH was monitored by means of pH paper.

The gas pressure was monitored by U-tube manometers.

The volumetric gas consumption was monitored by the use of a
gasmeter. Since only one gasmeter was avallable, it was
periodically changed from one unit to the other. This obviously
created discontinuity and is not desirable.

Cooking trials

Cooking trials were conducted in January and February 1983 in
conjunction with the Department of Home Economics of the Kenyatta
University College. The Indian design unit was used during this
period. The aim of the trials was to compare the relative
performance of various types of cooking energy sources, namely
biogas, firewood, kerosene and charcoal. The cooking devices
employed were the ordinary jiko for charcoal, the three stone for
firewood, the wick-stove for the kerosene and a biogas burner.
Different types of food were cooked using the same sized aluminium
pots on each of the energy sources. Time taken and amount of fuel
used to cook various types of food were recorded (table 1).

Results

Temperature

An examination of temperatures for the Chinese design digester
reveals that the internal temperature of the digester was fairly

10



stable at about 23°C, generally higher than the ambient temperature
by an average of about 6°C with a maximum of 10°C. The stability
of temperature above ambient is very desirable as it is optimal for

anaerobic digestion.

An examination of temperatures for the Indian design digester shows
that the internal digester and ambient temperatures were more or

less the same and stable at about 20°C.

The difference in temperature between the Chinese design and KVIC
(Indian) design digester can be attributed to the Chinese design
being entirely underground and therefore having better thermal
insulation than the Indian design with its dome above ground.

pH

The pH of both digesters was very stable at around 7 (neutral)
which is optimal for anaerobic digestion.

Pressure

The pressure in the Indian design digester was fairly stable at
about 12.5 cm. of water; this is due to the floating dome which rises
and falls as gas is either produced or consumed. The pressure for
the Chinese design digester fluctuated rather widely from a maximum
of 350 mm of H30 to a minimum of 100 mm of Hy0. The fluctuation
is due to the fixed dome which does not alter volume to maintain

pressure as gas is produced or consumed.

Gas Consumption

Both digesters were designed for a 50-day retention period and were
fed daily with 50 kg. of fresh dung mixed with 50 kg. of water.
Gas production per kilogramme of cowdung for the Chinese design
digester for the period 1.10.82 to 31.10.82 was determined to be
0.025 m3 which corresponds to the figure established in 1981 for
the Indian design digester. This dropped to 0.016 m3/kg as
opposed to 0.029 m3/kg for the Indian digester.

Cooking trials

Tables 3 to 9 represent the various types of food cooked on the fuel
sources. An examination of the tables reveals that biogas took the

11
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least time to be ready for use (cooking), kerosene was next whilst
the other took considerably longer to be ready (about 28 minutes for
charcoal and about 17 minutes for firewood). It has to be noted
that the Ughting of firewood and charcoal depend on factors like
weather which are uncontrollable.

DISCUSSION

The performance of the Indian design digester was superior to that
the Chinese design. The former produced up to 4 m3 of gas per
day, enough for about 3 hours of cooking with surplus gas to spare
which may be sufficlent for lighting. The latter at peak
performance yielded 54 minutes of cooking per day before the gas
was completely exhausted. However, the Indian design digester has
airdome of 13 m3 whilst the Chinese design is only 4 m3. This
factor would be contributory to the better performance of the
former. There were also many problems like gas leakages,
structural fallure, and lack of instruments (gasmeters) which
contributed to the poorer performance data of the Chinese design.
Some of these problems have now been overcome and it is expected
that more meaningful data will be collected.

Preliminary results of the cooking trial reveals that biogas is indeed
a promising alternative energy source.

The data collected indicate the complicated inter-relationship between
gas production, temperature, pressure and pH. There is still a
need to collect and analyse more data before definitive design

parameters can be established.
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Table 1 : Cooking Tests

The first figure of each pair represents preparation time, which is
the time taken to light and set up the stove, in minutes. The second

figure is cooking time in minutes.

ENERGY SOURCE
Firewood Charcoal Kerosene Bilogas

Food ingredients:

(1) 1 glass of rice, 27,27 27,45 3,26 2,25

2 glasses of water

(i) 20 leaves of
sukuma Witz,
3/4 glass of water,
1 teaspoon of 27,10 27,17 3,16 1,14
Kimbo

(iii) 4 Kg meat/onions
3 tomatoes,
2 carrots 17,30 28,38 4,40 2,37
1 teaspoon of Kimbo
salt
} teaspoon of curry
powder

14 mugs of water

(iv) 8 eggs
4 mugs of water 17,13 28,16 3,20 2,20

(v) 10 pieces of
chopped carrot, 18,20 28,20 3,20 2,20
3 glasses of water
1 teaspoon of Kimbo

and salt

(vi) 12 bananas
1 onion
1 teaspoon of
Kimbo, curry
powder and salt 17,33 27,35 3,31 3,38

4 glasses of water

13



(vil) 1 Kg Malze
$ Kg beans
2 onions
1 teaspoon of
Kimbo, curry
powder and sailt 17,183 27,205 3,154 2,192
10 Mugs of Water

14



3.2.2 Mauritius

Dr J Baguant and Dr S Callikan, University of Mauritius.

Summary

The foreign exchange demand of energy imports for Mauritius is par-
ticularly acute because the country has almost no available fuelwood.
Energy demand is expected to double by AD2000. Nevertheless the
authors suggest that it should be possible to bring down the propor-
tion of imported energy from 92% to 33%, by energy conservation,
exploitation of agrowastes (bagasse) and hydropower, and popularising
other renewable energy sources such as solar, wind and biogas. The
authors propose that biogas could make a significant contribution,
particularly in supplying energy for cooking. They discuss the pat-
tern of energy use from existing supplies in Mauritius, especially
for household cooking. In order to compare the feasibility of biogas
for such purposes research has been carried out on the technical and

economic viability of biogas digesters.

A range of experiments are reported on a batch and a semi-continuous
digester. Work on the batch digester commenced with general tests
which established that the digester performance was comparable with
other reported results. More detailed experiments then followed to
study some factors which might contribute to improved gas production
characteristics, in particular the effects of temperature, slurry
dilution, particle size, and the use of starter cultures. The addi-
tion of 2.5% w/w of starter culture had the effect of reducing the
latency period for digestion from 35 days to six days, reducing
retention time from 40 to 25 days for 50% extraction of gas, and
increasing the dally gas production rate by a factor of about three.
However, even with the use of a starter culture, gas production was
observed to reduce after an initial peak period. It was postulated
that this might be due to exhaustion of the microbial population.
Tests were therefore conducted where a booster quantity of starter
culture was added just before the gas production rate was expected to
fall. .The rate fell just as it had without the booster, leading to
the conclusion that the rate fell because of exhaustion of the
substrate, not of the bacteria. Tests on various dilutions of slurry
indicated an optimum dilution of cowdung to water of 1:1. Tests
using different sized particles as feedstock indicated that gas pro-

duction was more rapid with fine particles than coarse.

15



Tests were conducted with variation of temperature, despite this
being one of the most thoroughly documented aspects of biogas
digestion, because the authors wished to observe the effect of
temperature under the conditions in which they were operating. They
also wished to observe the effect of temperature in the presence of
starter culture. Raising the digester temperature from ambient
(219C) to 350C had little effect on the duration of the latency
period. However it increased gas output during peak production, and
consequently increased the cummulative extraction of biogas. It also
reduced the retention time for 50% extraction. Temperature increases
to 40 and 35°C did not improve gas production. It was concluded that
a digestion temperature of approximately 35°C coupled with the use of
a starter culture could reduce the retention from 40 days to about 15
days. This would allow a smaller digester to be used with consequent
benefit for the economic viability of the system, and was therefore
the subject of a more detailed study which is reported later in the
paper. Investigations into digestion in the thermophilic range at
around 559 are in progress, with high gas yields resulting. Tests
for total and for available nitrogen, sodium and potassium have been
conducted on the digested slurry and indicate that the fertiliser
value of the slurry is enhanced during digestion.

Tests on a semi-continuous digester were undertaken to complement the
tests on batch digestion, in order to give data for the definition of
digester performance characteristics, digester design, and economic
evaluation. Tests on variation of gas yields with retention time had
been carried out, but tests were reported to be continuing with
variable loading rate at ambient temperature and 350C. Tests on
various mixing modes, on partial recirculation, and on two-stage
digesters were also intended to be undertaken.

Following the laboratory investigations tests will be conducted on a
family sized (2 m3) digester which has already been constructed to
evaluate the practical and economic feasibily of the digesters. It
is also planned to investigate the digestion of agrowastes other than

cowdung, which has been used so far.

Gas utilisation tests are reported on a modified butane gas stove.
Engine tests are proposed on a 5 hp single cylinder engine.

the report gives a brief economic analysis of the cost of biogas
production, based on laboratory results. On the basis of this

16



provisional information the cost of biogas from a 2 m3 mild steel
digester is comparable to that of kerosene and cheaper than LPG or
electricity. The researchers identify the principal area for
improvement as : (i) Improved gas vyield, (ii) less costly digester
designs (ili) government initiatives to assist digester operation

costs.

The full report is almost fifty pages long and is therefore not
reproduced in this report. It is available on request from the CSC
or from the authors, Dr J Baguant and Dr S Callikan at the School of
Industrial Technology, University of Mauritius, Reduit, Mauritius.

17



3.2.3 SEYCHELLES

Mr V Dhanjeee, Research Unit,Ministry of Planning and External
Affairs, Seychelles.,

SUMMARY

In order to reduce the heavy foreign exchange burden of oil imports,
the Seychelles Government has initiated the Seychelles Integrated
Energy Project, with the objectives of developing (i) an alternative
energy system to satisfy from non-fossil sources the electrical
demands of Mahe, the principal island of the Seychelles archipelago,
(i) for the remaining islands, individual integrated energy systems
including renewable sources, (ili) an energy management program. In
1979 the Seychelles Government created a Research and Development
Unit within the Ministry of Planning and External Relations in order
to implement its Integrated Energy Programme. The Programme has been
divided into three phases. The current biogas project is part of the
first phase, and aims to assess the biogas potential of the
Seychelles, develop working digesters for the various types of
avallable feedstock, and then to extend each of the designs to the
field where cost/benefit analysis will be conducted. Both technical
and socilal benefits will be considered. The technical merits to be
considered are ability to supply energy, usefulness of digested
slurry as fertiliser, and the ease of digester construction with
local materials. The social merits under consideration will be waste
treatment, public health, sanitation, and employment. The subsequent
phases of the integrated energy programme are planned to involve a
major extension programme if the first phase proves the feasibility
of biogas systems in the Seychelles.

Because of the small animal population of the Seychelles, sources of
feedstock other than animal dung are being examined. There are five
digesters already constructed in the Seychelles, and a sixth under
construction. Most of the existing installations are not in use
because of managerial or technical problems. However, work is now

underway to commission them.

At present the project work is taking place on a laboratory scale
batch digester to obtain an indication of biogas availability per
unit of feedstock at various retention times, in order to determine
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the conditions for optimum gas production from the feedstocks which
are avallable. The project work is reported to be behind schedule,
due mainly to manpower shortages. It is hoped to bring the work back

on to schedule within the next semester.

Several series of experiments have been carried out, as summarised

below. They are reported in detail in the main paper.

Best age of starter - starter cultures of cow dung slurry of age 7,
14, 21, 28, 35 and 41 days were tested. A 28 day old starter gave
the least latency period, of around 27 days. Results from tests
with other feedstocks indicate considerable variation of the latency
period with pig dung giving a shorter period, and chicken dung vir-
tually none at all. The best rate of gas production was given by a
25 day old starter. The highest total gas production occurred with a
35 day old starter.

Chicken dung as a feedstock - the amount of biogas produced was
greater than that for cowdung, although not as high as those reported
by other researchers (this is possibly due to unfresh manure being
used). The digestion process exhibited a period during which the gas
production rate fell and then rose again with a fall followed by a
rise in pH. It is postulated that this phenomenon is due to the pH
or the carbon/nitrogen ratio of the slurry. Experiments were devised
to test this, the pH being varied by the addition of vinegar or a
buffer solution of pH=7, and the c/n ratio being varied by the addi-
tion of sugar or soot. Lowering the pH (making the solution acid)
increased the duration of low biogas production, while keeping the pH
above 7, i.e, alkaline, reduced the period. The addition of carbon
had the effect of prolonging the period, which is in conflict with
other researchers! reports that the low c¢/n ratio of chicken dung
requires the addition of carbon to enhance the digestion process.
This suggests that the commonly accepted optimal ¢/n ratio may not be
appropriate in materials which have a high degree of easily biodegra-
deable chicken manure. A series of experiments on various dilutions
of chicken manure is reported to be in progress. Preliminary results
indicate that the period of low production is longer at high con-
centrations of slurry. Work by a previous researcher had suggested
that the low production was due to the action of "Furazolidone", a
protozoan antibiotic which is added to chicken feed. This hypothesis
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was discarded after tests on a set of slurry samples of equal dilu-
tions - and therefore equal concentration of antibiotic - in which
the variation of c/n ratio and pH greatly influenced the period of
low gas production. It is suggested that this period is not due to
the presence of "Furazolidone", but to the amount of organic acids
released in the early stages of digestion. The pH rather than c/n is
suggested to be the cause of the problem after studying the influence
of changes in slurry dilution, which would not influence the c/n
ratio but would affect the magnitude of pH change (the greater the
dilution, the less a given amount of acid affects pH). An attempt to
eliminate the period of low gas production was made by adding
"Actizyme", an enzyme which is claimed to enhance biogas production.
In practice the observed effect was to reduce the biogas production
below that of the control experiment. It is postulated that either
that the period of low pH changed the action of the enzyme, or that
the addition of the enzyme altered the c/n ratio. It is concluded at
the end of this series of experiments on chicken dung that : (i) a
long retention time of 45 - 50 days may be necessary due to the
period of low gas production; (ii) the dally feed input will have to
be calculated with a view to maintaining the optimal pH; (iil) that
the period of low gas production is influenced by pH, and therefore
by dilution; (iv) that the methanogenic bacteria are resistant to the
antibiotic "Furalzolidone".

Vegetation as a Feedstock - experiments are being conducted on
elephant grass and sugar cane leaves. Samples of the leaves have
been pretreated in various ways - cutting in strips, liquidising, and
water soaking. Results were not yet complete when the report was

presented.

Biogas production as a function of dilution ratio - experiments are
under way on cow, pig and chicken manure at various dilutions.

Results not yet complete.

Themophilic Biogas digestion - tests have been attempted on cow and
chicken dung at 55°C but shortages of equipment and technical
problems have so far prevented complete results being obtained.
However, it is suggested that the high energy input needed to heat
the slurry to 55°C would not be economic in a commercial system.
Nevertheless it is intended to construct one pilot plant for data

comparison,
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Manufacture of New Pilot Plants - efforts are being made to develop
cheap digesters using locally available materials. A design using
150 1 tar drums was developed but had to be abandoned because of fre-
quent leaks of gas from the drums. A design is now being developed
using 207 1 oil drums and plastic wine barrels.

200 1 Indian Design Oil Drum digester - monitoring of gas production
from this digester has indicated a lower gas production rate than
expected. Several possible reasons are suggested: (i) Gas leakage
from the gasholder, which is rather small, (ii) the slurry cannot be
stirred, leading to settling of solids out of the solution, (iii) the
gas meter reading was erratic when the gas pressure varied.

100 m3 digester - a commercial farm, which was previously an experi-
mental farm, has a 100 m3 horizontal reinforced rubber 'sausage' type

digester for a data collection exercise.

Slurry Examination - a standard soil test kit is being used to ana-
lyse digested and undigested slurries. Tests are continuing.

Gas Analysis ~ an Orsat gas analysis of the gas from the digestion of
vegetable matter showed a low methane content, at 18-27%, and a high
oxygen content, at 14 - 15%, It is concluded that these figures are
erroneous due to airleaks during gas collection. Tests on the 200L
Indian type digester show a methane content of 55%, Carbon dioxide
42%, and Oxygen 1%.

Promotion Activities - students from the National Youth Service have
been involved in the project work. The research work has also been

visited by individuals hoping to set up biogas systems.

Future Work Plan - includes monitoring the 100 m3 biogas plant,
storage and usage investigations for the gas, operation of a 9 m3
KVIC plant, gas analysis, slurry analysis, constructing new pilot
plants, investigating feedstocks such as fish waste and fruit and
vegetable waste, and conducting further tests on thermophilic

digestion.

The full text of the Seychelles country report is 75 pages long and
may be obtalned from the CSC or from the Research Division of the
Ministry of Planning and External Relations, P O Box 656 Victoria,
Seychelles.
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