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I. INTRODUCTION

A Consultative Comsittee Meeting on Biomethanation of Agro-
industrial Residues for Energy Recovery and Nutrient Recycling, orga-
nized by UNIDO in co-operation with the Government of Belgium, was
held at the "Chateau du Lac" in Genval (Belgium) from 17-21 November
1984. It was directed at accelerating the industrial application of
biomass energy and waste recycling technologies with the ultimsate ain
of increasing and diversifying energy resources and of environmental
pollution abatement.

The meeting was directly related to the iapleaentation of the
Nairobi Plan of Action on New and Renewable Sources of Energy.

Many Developing LCountries have rich biomass resources although
these are neither fully nor efficiently exploited. Among the new and
renewable sources of energy, biomass is generally recognized is having
one of the greatest potentials for exploitation in Developing
Countries.

The heavy dependence of amany Developing Countries on agricultural
production and on energy imports makes it imperative to introduce
sodern industrial technologies for the conversion of agro-industrial
by-products and wastes into energy and other useful products in order
to increase the added value of agricultural production.

The agriculture-energy-industry link is obviously an isportant one for
many Developing Countries, and it is, therefore, desirable that con-
certed international efforts are directed towards the implementation
of industrial projects for energy production from agro-industrial by-
products and wastes.

Belgium is one of the world leaders in biomethanation technology
and it was believed that the convening, in Belgium, of a consuliative
cosmittee meeting for biomethanation will lead to the transfer of
belgian know-how and resources to interested Developing Countries in
this iaportant technical area.

Investsents in the field of biomethanation of agro-industrial
residues for energy recovery and nutrient recycling, are more diffi-
cult to assess and promote than other kinds of investments. If their
socio-ecological benefits seem evident to sany experts, their finan-
cial and economic benefits for the invnstor are cften considered as
marginal or even cdoubtful at first si ht. Some of the reasons are:

{a) In the pas!, such investsents were generally not considered
as technically indispensable;

(b) If realized, their direct contribution to reducing the
production costs appears marginal compared to the effect of
other technically recommendable measures such as new or
improved production equipment; .




page : 3

(c) Their financial returns can often be measured orly in teras
of benefits such as pollution abatement and rescurce recy-
cling, and therefore assuae real significance only if heavy
penalties are imposed for non-coumpliance of ant.-pollution
laws.

Yet new trends in this field are being ncticed. Many industrial
managers, indeed, i1 both the Developed and the Developing Countries
are more and more concerned by decreasing the energy dependence of
their activities. Furthermore, in countries where the agro-industrial
sector is rapidly developing, like in Brazil, one anticipates an
increasing social pressure, on both the public and private policy-
making and decision-making levels, to achieve effective environmental
pollution abateuwent.

In accordance with the above statesents and/or recoamendations,
the Belgian Government and UNIDO have decided to convene the above
Consultative Committee Meeting from 17-21 November 19854.

The purpose of the aeeting may be défined as follows:

fa) To identify and facilitate investeent projects for conversion
of agro-industrial by-products and wastes into energy
{methane) and other useful products, -through biomethanation
process.

(b) Yo identify opportunities for carrving out feasibility
studiec (covering socio-economic cost/benefit analysis) on
biomethanation projects.

{c) To identify opportunities for further developsent work
invelving process and design studies and leading to pilot or
demonsi-ation plants for biomethanation where the application
of this technology to a particular type of agro-industrial
residie appears promising.

It is i1mportant to note that the objective of the seeting was not
to be regarded srly as one of the usual UNIEO initiatives for invest-
sent promotion :n general. The initiative of the Government of Belgiua
and UNIDO, indeesi, did not aim so much at proesoting investament in the
sector of the niomethanation in general but was more oriented toward
the facilitaticn of their realizatjon through the analysis of their

Selection of Pro,e-ts and Participants

Approxima‘tely SU persons attended the Consultative Committee
Meeting : 13 rep-esen’ atives of the Developing Countries (out of 15
invited) and 37 representatives of the Belgian business and/or acade-
mic community ang one Unido officer.
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Developing Countries Participants were selected on the basis of
their investaent proposal. In june 1986 UNIDO invited qovernaents of
selected Developing Countries to nominate up to three suitably quali-
fied industrialists fros public and private sectors and/or officiais
who have responsability at policy-smaking and decision-levels, to deve-
lop and promote biomass energy technologies (especially biosethanation
technology) in general and investment in these technologies in parti-
cular. The final selection of participants was done on the basis of
the candidates’ personal data and cf the project proposals by TRANSTEC
{Brussels), a belgian consulting firm, specialized in transfer of
technology and investaent prosotion, who had been entrusted, as a sub-
contractor of UNIDO, with the organization and the preparatioi of the
aeeting.

More than 50 project proposals were presented to the selection
coasittee that cosprised

- Edmond-Jacques NYNS, Master in Pharmaceutical Sciences and
in Chemistry, Ph. D. in Biocheaistry, Professor at the
University of Louvain, Belgium;

- Alain DENIS, Econorist, Experts in Investment Prosotion;

- Philippe D. GROSJEAN, Master of Science in Engineering,
Post-graduate in Business Adsinistration and in Foreign
Trade, Expert in Human Resources Developaent

together with representatives fros the Belgian Office for Foreign
Trade, the Office of the Belgian Prise Minister for the Prograsmation
of the Scientific Policy, and delegates 7roas Belgian Professional
Associations.

The selection criteria of the project proposals and/or the candi-
dates were essentially based on the richness of the candidate’s coun-
try in potential biomass resources, its dependence on agricultural
production and on energy import, the possibility of the proposed
project to increase the added value of agricultural production, its
dcoree of 1ntegration in the environment on both the social and the
geographical point of view and finally the candidate’s qualification
to explain the project’s specific difficulties of isplementation.

Site visite have been undertaken to projects identified as "bor-
derline cases” or when several projects were in competition in order
to enable final selections to be made.

Fifteen candidates have been nominated by UNIDO to attend
the Meeting. They were from : Angola, Argentina, Brazil, Burundi,
China (2 delegates), Guyana, India, Indonesia, Paraquay, Philippines,
Senegal, Sudan, Thailand and Zimbabwe.

Belgian participants were selected on the basis of their qualifi-
cation to contribute on the topics that were raised in the project
proposals and bring the best relevant answrrs to thes.




Yheaes of Discussion

The analysis of the investament proposals presented by the selec-
ted countries indicated the existence of four main types of difficul-
ties entountered by Developing Countries in the realization of biome-
thanation investasents :

{a) financial difficulties comprising the negotiation ot joint-
ventures with foreign partners, the granting of commercial
loans, the nee? of assistance from international financing
institutions ard finally the acguisition of hard currency
through counter-trading techniques (compensation, linked
purchases, clearing, counterpurchase, etc...);

(b) technological difficui:ies;

fc) economical difficultie: and, more particularly, the socio-
economic cost/benefit analysis of a biomethanation investment
project;

(d) and difficulties related toc the implesentation of investaents
in this important technical area or to the realization of
enerqy developsent plans based on the use of the biosmass.

Consequently the work of the Consultative Commitiee Meeting has

been divided into four main themes of discussion : Finance, Technolo-
gy, Economy and Implementation, each one being taken as the main thene
of discussion of a day as follows:

(a) Finance : on Monday, Noveaber 17

it} Technology : on Tuesday, November 18

{c) Economy : on Wednesday, November 19

(d) Isplementation : on Friday, Noveaber 21

Thursday, November 2{ has been devoted to visits of plants.

(2244222242 2222 24
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I1. SELECTED INVESTMENT PROPDSALS and STATE OF THE ART
in the Participating Developing Countries

Ovt of the fifteen nominees from the Developing Countries two
have had to cancel their participation in the seeting at the last
ainute (Angola and Thailand). Thirteen delegates participated in the
work ot the meeting.

The investment proposals together with a short descripticn of the
State of the Art in each of the Participating Developing Countries,
listed in alphabetical order of the countries, follow :




ARGENI INA

-———- i -

Report on the Use of Biomethanation in Argentina : by F. Sineriz,

Secretariat of Enerqy, D=partment of Non Conventional Sources of
Energy, Buenos-Rires, Argentina.

Argentina has no big reserves in oil and at present natural
gas is vented away because there is no pipeliae. The hydro-
electric potential is big but the suitable generating sites
are far away from the consumer centers. There also exists a
nuclear programsse. To fill the deficit in light liquid fuels
an alcohol prograsme prusotes the development of distille-
ries.

In this context biomethanation in Argentina is considered
for the treatment of agro-industrial wastes, to reduce pol-
lution and costs of wastewater treatment, and for the treat-
sent of animal manure in locations far away from the energy
distribution systea.

For the treatment of stillage several designs have been
tested and the UASB design has been retained on the basis of
results obtained in a 100 1 semi-pilot scale reactor. A
contract has been signed between the Secretary of Science
and Technology and a leading distillery to build and operate
a2 30 a3 UASB pilot plant. The expected production of a full
scale plant would cover 65 to 751 of the energy needs of the
distillery.

In the case of biomethanation of animal manure, since the
animals graze freely all year round, the only farms that
could profit from the biogas technology are the milking
farms located far away from the electricity distribution
system. In these farms the manure collected twice a day
during miiking time would produce the energy needed to cool
the milk from 22°C to 4°C.
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PRESENTED BY : Mr FAUSTINO SINERIZ
Director
Secretariat of Enerqgy (SECYT)
Departaent of Non Conventional Sources of Energy
Avenida Cordoba 831
BUENDOS-AIRES 1054 - ARGENTINA
TEL : 5481230744 TX @ 25272

DESCRIPTION :

The utilization of biogas in a dairy farms to cool amilk:
project developd by INTA

The National Institute for Agriculture {INTA} is
developing the use of biogas produced in a dairy
fara to operate the milk cooling unit by means of
absorption equipment. They are looking for
technological cooperation to further develop the
systes.

LOCATION: Tambo "La Julia”, Ciganotto Hnos.
Suipacha, Provincia de Buenos Aires.

ORIGINE OF RESIDUES:

The dairy farm is located in the suburb of
Suipacha, in the state of Buenos Rires. It
consists of 100 bovines producing an annual
average quantity of 300,000 litres of milk. The
bovine manure is digested in a two steps process
biodigester with a nominal capacity

of 30 a3/day to cover all the energy needs of the
farm. At the moment it is used for water heating
only and the balance is spoiled

in the wind., The sludge is used as fertilizer in
the fars.

DETAILS:

Energy is widely used in dairy fars for milk
extraction and cooling. As the conventional energy
in many cases is not existing or not made
available because of the distribution cost, INTA
and the owner of the farm "La Julia” decided in
1984 to jevelop a large scale biogas

digester which could satisfy the entire energy
requiresent of the fars "La Julia®. The cooling of
the mailk at the farm is of a parasourt isportance
for it conservation. Extracted twice a day by a
sechanical systea, the silk must be cooled from 36
degree to 22 degree and maintained at this
temperature till its transportation

once a day at the dairy factory. Hence a wmilk
cooling systes by mesans of absorption machine
operated by biogas, is being developed together

by INTA, the owners of the fars "La Julia®, the
owncrs of the dairy factory "La Suipachense” and a
private engineering cospany nased DYNATHERN
THERMODINANIC based in Castelar.
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DIFFICULTIES:

The main difficulties are : (i) the design of the
absorption eouipment to be oped by biogas; (ii)
the sobilization of financial resources to
coapleaent these already obtained from the
sponsors of tne project

and finally (iiilthe supply of special equipment
(such as metering and control apparatus).

STUDY AVAILABLE:

A feasibility study prepared by Mr E.C. SIL
ESPINOSA, M. BOGLIANI and J. HILPEKT of the INTA
in 1984 concludes that the efficiency and the
profitability of the systea greatly depends on the
successful design of the absorption equipaent.
According to the sponsors of the project, this
kind of equipaent is not existing on the world
market.

RECOMMENDATIONS:

a) Request for Technical Assistanze from UNIDO
through UNDP local office outlining the
type of assista..ce required.

b) Submit the investment proposal to the UNIDO
Investaent Co-operative Programme for further
prosotion.

The industrial investment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Dfficer, Cheaical in-
dustries Branch, 10TD, Departmsent of Indus-
trial Operations, UNIDO, P,0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)2431395s,
Telex : 1355612,
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BRAZIL

Biomethanation in Brazilian Alcohol Prograsse : by A.6. Salerno,

Zanini SA Equipamentos Pesados, RkD Departeent, Sertaozinho, Brazil.

In Brazil the main crops are corn, soya, bean and rice. The
waste potential of these crops is 120 million tons. The
biogas potential from the 14 sillion head of cattle is 14
million cubic seter per day. Six thousand digesters of 4 to
6 a3 have already been built in rural areas.

The alcohol industry produces i7 million a3 of alcohel per
year together with 204 million a3 of stillage at a COD of 30
g9/1l. The sugar industry produces 7 aillion tons of sugar per
year with 50 million #3 of effluent at a COD od 9 g/1. The
food and beverage industries are not considered because of
the low COD concentration of their effluents. The bagasse
resulting from the process’ :g of sugar cane amounts to 57
sillion tons per year and it is used as cheap fuel in the
sugar processing industries.

Economic studies show that biogas production in the alcohol

industries is not profitable if it is to replace bagasse as

fuel. But it would represent a 6.6% increase of income if it
is used as automotive fuel in the lorries that transport the
cane and/or if it is sold for other uses.

If all the residues aentioned above were to be treated
anaerobically, including municipal wastes, it would mean a
production of 7,000 eillion a3 of biogas per year i.e. half
of the actual alcohol production in Brazil in terms of
enerqgy. :
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PRESENTcD BY : Mr ANTONIO GILBERTD SALEFNO
Director
IANINI SA Equipamentos Pesados
Research & Developaent Departaent
Via Armando de Salles, Oliveira ka 4, P.0.BOX 139
14160-SERTAGZINHO - BRAZIL
TEL : 166423111 TX : 166315

DESCRIPTION :

Transfer of Technology in the Field of Bioaethanation
from Belgium to Brazil

IANINI recently signed an agreesent with the
belgian cospany ARBIOS SA to gradually transfer a
technology into Brazil. The initiative fits in the
brazilian PRO-ALCOHOL PLAN and aims at further
reducing the overall alcohol production cests.

LOCATION: still unknown

ORIGINE OF RESIDUES:

The residues considered in this project are sainly
the bagasse from the sugar factories and the
vinasse froa the alcoho! distilleries.

DETAILS:

In the last decade IANIN] has greatly contributed
to the development and the implementation of the
brazilian PRD-ALCOHOL PLAN. 1f on the energy side
this development plan greatly contributed to
reduce the brazilian dependence on imported
energy, it also created huge quantities of
agro-industrial residues which were not and still
are not sufficiently taken care of to avoid
massive environmental pollution.

Today the brazilian governsent wishes to reorient
the impleaentation of the pro-alcohol plan towards
reducing the distilleries production rost instead
of increacing the nusber of new distilleries. This
leads to consider the vast asount of energy still
contained in the bagasse and in the vinasse and to
satch two different asbjectives ie: pollution
abatement and energy recovery.

This 1s the context that induced ZANINI to agree
with the belgian company ARBIOS BA to transfer
their biomethanation technology and develop it in
Brazil.
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DIFFICULTIES:

The main difficulty encountered by ZANIN]I is to
obtain an opportunity to build up an industrial
biosethanation demonstration plant in Brazil. This
is a typical difficulty for that kind of
investaents for the evaluation of their
feasibility and the assesssent of their
profitability greatly depend on whether one
considers a purely financial point of view or an
economic point of view. Their financial returns,
indeed, can often be measured only in teras of
benefits such as pollution abateaent and resource
recycling, and therefore assuse real significance
only 1 heavy penalties are isposed for
non-compliance of anti-pollution laws. But ZANINI
has also to combat an existing reluctance of the
industrial community in Brazil against the
biomethanation technology which is based on
previous experiences conducted by ZANINI’s
competitors who failed to meet the expected
technological perforaances.

STUDY AVAILABLE:

Since january 1986 IANINI have prepared many
studies and proposals to private and public
companies to buid up biomethanation plant. Amsong
them three are particularly interesting and being
further discussed; it concerns a brewery, a cognac
distillery and a sugar cane alcohol distillery.
They all have as a main conclusion that to
demonstrate both the technological and econosic
feaseability one should mobilize state resources
to assist in the financing of the investaents.

RECOMMENDATIONS:

a) Request for Technical Assistance from UNIDO
through UNDP local office outlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investment Co-operative Programme for further
promotion.

The industrial investment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, 10TD, Departmsent of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)246313936,
Telex : 1335612,
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BURUNDI

its Co-operation with Belgius, China and West Bermany :

by V. Baratakanwa, Ministry of Public Works, Energy and Mines, Direc-
tion Générale de 1’Energie, Bujumbura, Burundi.

Burundi is an enclaved country. Its potential in hydro-
energy is ispertant but limited to urban centers for the
time being. Consequently the fuelwood consumption is still
excessive. Therefore the Ministry of Energy has set up a new
department with the overall responsability for the populari-
zation of new sources of energy. The selected fields of
investigation are : biogas, solar energy, turf and saving in
fuelwood by reforestation and stove efficiency improvesent.
The biogas programse started because of the following :

i) it was felt necessary to train staff people and to
establish an inventory of the biodegradable biomass in
Burundi, (ii) a largely scattered habitat that complicates
both the collection of dosestic waste and the distribution
of gas, (iii) the existence of large communities like
schools, hospitals, etc... and (iv) the fact that the Tanga-
nyka lake was more and more used as a dumping area for the
wastes of the agro-industrial industry. Three co-operation
programmses were started.

From Belgium a funding by BADC allowed to set up a de-
monstration center and laboratory to promote the research on
biomsethanation, to train personnel and perait the scientific
and technical follow-up of biomethanation projects.

Three chinese experts have been recruited to help realize
pilot-digesters in the provinces (at a rate of 5-6 per
province).

Finally the dissemination of the technology is ‘a«inly rea-
lized through a prograame funded by West Germany : it con-
sists mainly in training peasants via local training cen-
ters. The construction of biodigesters is promoted thanks to
a credit systes to individuals and/or local communities that
allows very flexible and adapted reisbursesent procedures.
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FRESENTED BY

DESCRIPTION

Riogas Produ

: Mr VENAKNT ERRATRKANWA
Manager Biogacs Department
Ministry of Public MWorks,Energy & Mines
Direction Générale Energie

B.P. 745
RUJUMBURA - BURUNDI
TEL : 26579 X = 5048

ction in the Bujumbura Slaughter House

A small pilot plant (funded by the Belgian
Governaent) already exists. Further development
envisaged is the production of steas for the
slaughter-house and of dried soil conditioner.

LOCATION: Abattoir National de BUJUMBURA
BUJUMBURA - BURUNDI

ORIGINE OF RESIDUES:

BETAILS:

The national slaughter-house of Bujusbura treats
an average annual quantity of 120,000 head of
cattle. This represents an annual quantity of 450
tons of solid residue {127 of dried organic
material) and {,800 a3 of liquid residue with a
CoD of 30,000mg. Today the l:quid residues are
drained cff through the municipal sewage network
and the solid wastes are left i1n the open air for
decompos:ition.

@s far as hiomethanation is concerned Burundi sets
the priority in the development of the domestic
uze of bicgas, the main reason being the scarcity
of the available resources. The construction of an
industrial biomethanation plant such as the one
suggested for the Bujumbura slaughter-house, could
only be possible if a special technical assistance
programme is tailor-made.
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DIFFICULTIES:

Surh a technical assistance prograsase should
comprise the finance of the feasibility study, of
the process design and engineering studies and the
construction of the plant.

STUDY AVAILABLE:

No study available yet.

RECONMENDATIONS:

a) Request for Technical Assistance froa UNIDD
through UNDP local office outlining the
type of assistance required.

b) Subeit the investaent proposal to the UNIDO
Investaent Co-operative Programse for further
proaotion.

The industrial investament questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Developaent Officer, Cheaical In-
dustries Branch, 107D, Departaent of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)26313955,
Telex : 135612.
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fros Agro-industrial residues in China : by Liang He, Rinistry of

Agriculture and Anisal Husbandry, Bureau of Rural Energy and Environ-
sental Protection, Beijing, China.

By the end of 1985 biogas digesters were used in S5 millions
households in the rural areas of China. At present, biogas
is extending from rural areas to the cities. Already 19,000
large and sidium size digesters have been built in livestock
tares, distilleries, slaughterhouses and food processing
factories. The biogas produced is used for the industries
own consusption but it is also transported as fuel to 20,000
households. The smain designs used are the hydraulic and plug
flow designs. Other sore advanced designs are beginning to
be adopted such as upflow anaerobic sludge bed reactors and
anaerobic filters.

The main reasons for the actual state of developaent of
biomethanation in China are : (i) the proaction cf the
technology by the Chinese Governaent who helped biogas deve-
lopment by offering good conditions for sanpower, saterial
and finance; (ii) the establishment of special agencies to
do tke training of personrel, research, execution and diffu-
sion of prograaames, aanufacturing of bicgas tools and equi -
oment; (iii) the establishaent of technical regulations and
standards for quality control; (iv) the establishment of
heavy penalties on pollution.

Developsent of the technology anyway resains the key probleas
for the further development of biomethanation.
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PRESENTED B: : Mr HE LIANG
Engineer
Ministry of Agriculture,Animal Husbandry & Fishery
Rurel Energy & Environsental Protection Bureau

Hepingli
BEISING - CHINA
TEL : 4435652 X = 22233

DESCRIPTION :

The Community Biogas :'lant im North China Rural Area

Developaent of a new design af biodigesters in
stock-farming : a first 10a3 pilot plant, designed
by the Beijing Solar and Biomass Research
Institute, is in operation. R larger digester
(200m3) is being designed but requires
enginaering assistance.

LOCATION: Beijing East Suburbs Fara
Airport road, Beijing.

ORIGINE OF RESIDUES:

The stock-fara, where the first 10a3 pilot plant
was installed, contains 4,500 pigs and produces
annually about 3,000 tons of diluted manure with a
concentration of 3-41 of dried organic material.
One could also consider about 1,500 tons of
poultry manure produced annually.

DETAILS:

The Beijing Solar and Biosass Research Institute
has been given an assistance froa the Ninistry of
Agriculture, Anisal Husbandry & Fishery, to
develop a biosethanation process for large
stock-farms. The above mentioned 10a3 installation
is the first step of developmsent : the sanure is
puaped fros the sanure storage tank to the
pre-heating tank where it is sixed and preheated
by solar collector during the day and by the
outlet of the digester durng the night. Then it is
sent to the digester. After digestion the residues
are used as direct spreading. Fros January to
March 1986 this pilot plant was constantly
followed up by a scientific team of the Beijing
Solar and Biosass Research Institute. Based on the
obtained results the Institute is planning to
construct an industrial desontration digester
(20083) next to the first one.
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DIFFICULTIES:

The difficulties are mainly :

§ process design, engineering and technique :
kesearch works are still necessary in the
pretreatasent of the manure, optimization of the
energy production and control of the overall
systea. '

Besides the Institute wishes to acquire aore
advanced technology froam foreign countries
on various topics like the dry fersentation, the
two separated phases digestion systea, the
design of biogas transportation and storage
eruipment, etc...

Certu«in equipment are not available in China
surh as gas coapressor, ph-sensor, pump for thick
material, etc...

$ econosic :

Based on the energy produced, the econosic
benefits are not so good; the construction cost
should be reduced.

§ training :

The persons involved in the process design

should be trained.
% finance :

Although the project seess to be well
supported by the Ministry of Agriculture, external
assistance is required to finance imported
equipment. .

STUDY AVAILABLE:

The semi-phase separated digestion of pig manure,
Li Weimei, 1986,

The balance of energy for mesophilic digestion,
Jiang Xinian, 1985.

Their conclusions are that solar energy and the
use of the exhaust heat may greatly reduced the
energy requiresent in sesophilic digestion and
that the semi-phase separated digestion is better
than the completely mixed digestion.

RECOMMENDATIONS:

a) Request for Technical Assistance fros UNIDO
through UNDP local office outlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investment Co-operative Programme for further
promotion.

The industrial investment questionnaire, duly
filled in, is ‘o be returned to R.0. Willianms
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Departeent of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)26313954,
Telex : 133612,
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CHINA : second proposal

China has got large amounts of effluents containing high
organic loads. It is paying special attention to intensify
the process of biomethanation to increase the biogas produc-
tion per unit of reactor volume and to increase the reduc-
tion of pollution.

For example, the pulp industry working with straw as raw
xaterial and soda or lime as cooking saterial produces black
liquors of 79 to 150 g COD per litre. The alcohol distillery
working with sweet patato as substrate produces waste waters
of 25 g COD per litre. The 200 tanneries of China produce a
maste water of 40 g COD per litre.

At present a few realisations exist such as 3 plants trea-
ting urban waste water sludge, 2 plants working on effluents
from a citric acid industry and 2 plants fed with effluents
of alcohol distilleries. Biomethanation of waste liquor from
pulp processing by lime has been studied on the laboratory
scale and 791 COD removing has been obtained. A UASB pilot
plant of 24 a3 fed with filtrated residual liquor of distil-
lery produces 5 a3 per a3 digester and per day with a COD
removal of 93%.

Until now the extension of biomethanation of industrial
effluents has been limited because their COD content ef-
fluents is still beyond the effluent discharge standards.
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PRESENTED BY : Mr WAMG YI-YONG
Director
Ministry of Lignt Industry, Scientific Ade. Office
Environsental Protection Inctitute
3 Fucheng Road
BEIJING - CHINA
TEL : 894402 IX = 22465

DESCRIPTION :

Biosmethanation of Residual Liquor in Alcechol Distillery
and in Sulfate Pulp Hill

The Belgian Government is currently assisting this
Ministry for the feasibility studies of two
investsent proposals in the agro-industrial sector
nasely : the treataent of the residues fros the
NUHU PAPER BOARD MILL and fros the JINAN ALCOHOL
DISTILLERY with the ais to eventually transfer the
belgian technology into China.

LOCATION: a) Wuhu City, Province of Anhui
b) Jinan City, Province of Shandong

ORIGINE OF RESIDUES:

{a) WUHU PAPER BOARD MILL

The mill produces 37,000 tons of semi-chesical
pulp for the saking of pager board. It is obtained
from rice straw digested in eight 40a3 digesters
and mixed with 70X of Cab. The specification of
the pulping waste liquor (or black liquor) are :
COD of 79,000 mg/1, BOD of 28,000 ag/l, ph = 10
and S5 = 200 mg/l.

The daily production of black liquor is
approximately 430 a3.

(b) JINAN ALCOHOL DISTILLERY

It is a sweet potato alcohol plant with an annual
capacity of 30,000 tons of alcohol. It is obtained
from cooked sweet potatoes, which after cooling
are then saccarified by addition of yeast. The
fermented liquor is then distilled to produce a
951 alcohol (by volume). The residual liquor fros
the distillation is filtrated to separate

the suspended solid substance which is used as
fodder in the nearby farms. Its specification are
: COD of 25,000 mg/1, BOD of 14,000 mg/] and ph =
4.

DETAILS:

Both the effluents from the Wuhu Paper Nill and
the Jinan Alcohol Distillery remain untreated.
Because of their high content of organic matter,
they exceed the standards imposed to the local
effluent discharges. Through the anaerobic
fermentation technology the Ministry intends to
reduce the BOD to 10X of the original figures.




DIFFICULTIES:
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The above investaent proposals are in fact
considered by the Ministry as two test cases where
the proposed belgian technology is to be
deaonstrated and evaluated.

Belgium and China are now neqotiating the
conditions of their cooperation. The sain topics
under discussion are : the finance, the training
of the personnel and the joint iaplementation of
the process design and the construction.

STUDY AVAILABLE:

The technical feasibility studies are coapleted
and concluded that the investment are technically
feasible.

RECOMMENDATIONS:

a)

b}

Request for Technical Assistance from UNIDO
through UNDP local .rrice outlining the

type of assistance required.

Submit the investment proposal to the UNIDD
Investment Co-operative Proqramme for further
promotian.

The industrial :nvestment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Departaent of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1409 Vienna, Austria, Tel.:(0222)26313956,
Telex : 135612,
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Biosethanation in Guyana : History of its Developaent :

Guyana initial interest in biogas dates back to 1°77 when
the National Science Research Council received a directive
trom the Office of the Prime Minister to pursue studies in
this field. In 1980 the Guyana National Energy Authority and
the Institute of Applied Szience and Technology (IAST) con-
structed 8 family digesters with sponsorship and supervision
from the Latin-American Enerqgy Organisation (OLADE). This
programme suffered serious set-backs and collapsed in 1983
primarily because of the high costs of the construction
materials and the lack of trained personnel to Ranage and
operate the systea.

In 1985 a bilateral agreement with China led to the cons-
truction of & digesters, the training of 15 persons in
biogas construction techniques and of another 30 persons in
operation and manageaent technigues. This agreeaent, toge-
ther with a complementary UNU {United Nations University)
prograsse led to a total! of 21 operational digesters. The
thinese design was chosen because of the availability and
the low costs of the construction materials.

In the future the emphasis will be given to the developaent
of medium size, industrial or commercial digesters. Opportu-
nities exist in the large livestock farms away from national
energy supply, in the national distilleries producing a
total of 469 m3/year of spent lees, and for the biomethana-
tion of the aquatic weeds inf2sting the water ways. For this
further development of hiomethanation Buyana will have to
rely on international and regional financial assistance.
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PRESENTED DY : Mr UKARRAN BHINMSEN
Director
Institute of Applied Science & Technology
Alternate Energy Prograsme
University Campus, Turkeyen, P.0.BOX 10.1050
GEORGETOWN - GIIYANA
TEL : 65072 TX @ 3049

DESCRIPTION :

Utilization of Biogas Technology te cover the energy
needs of an integrated fara

Construction of an industrial biomethanation
prototype to satisfy the total enerqy needs of a
relaciveley andern up-to date stockfarming
enterprise of 3,300 pigs with cows, sheeps and
poultry.

LOCATION: Alliance Pig & Poultry Fara
Coverden, East Bank Deamerara, Guyana

ORIGINE OF RESIDUES:

Fresh pig and cow dung from the stockfars (3,000
tons/year).

No treataent is being done other than soak-away
pits.

DETAILS:

The main objective in the establishment of the
prototype is to demonstrate that bio-energy is a
practical and viable alternative to expensive
fossil fuels which is difficult for most of the
non-oil-producing countries to obtain. The
integrated fars will desonstrate sanitation and
erosion control and will turn hitherto harasful
wastes into useful food for both plants and
animals.

The opportunity will be taken to utilize bicgas to
satisfy the total energy needs ot a relativeley
sodern up-to-date farms enterprise in a typical
third world country. This will underscore the
benefits of biogas in saving foreign exchange both
in the use of fuel oil and expensive isported
cheaical fertilizer.
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DIFFICULTIES:

The project proposal is since januvary 1986
subsitted to the United Nations University but has
not yet received any response.

The desired foreign contributions expressed by the
Institute of Applied Science and Technology are
aainly : assistance in financing the projert,
process design, engineering and technical
assistance as well as training of the personnel.

Buyana has recently experienced a disappointing
situation whereby a development project in the
field of new and remable energy,

financed and supervised by an international
cooperation agency, coapletely failed to produce
its expected technical and economical benefits.
Hence the Authorities are now insisting on very
strict and severe inspection on any imporied
foreign contribution to developaent projects.

STUDY AVAILABLE:

Project proposal submitted to the United Nat:ions
University in january 198é.

RECOMMENDATIONS:

a) Request for Technical Assistance fros UNIDO
through UNDP local office outlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investment Co-operative Programme for further
promoction.

The industrial investment questionnaire, duly
filled in, is to be returned to R.CG. Williams
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Department of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)2631395s,
Telex : 135612,
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Status of Biomethanation Developament in India : by B.P. 6UPTA,

There are more than 142 distilleries in India. Alcohol
production from molasses generates 14 to 15 1 of effluent
per litre of alcohol. This aeans a production of 12,000
aillions litres of effluent per year with a biogas potential
of 22 to 30 litre per ilitre of effluent.

There are three sethods to treat these effluents: (i) anae-
robic digestion with biogas recovery followed by biological
aeration to meet the depollution requireaents; (ii) concen-
tration and incineration to recover potass and steam; (iii)
anaerobjc fermentation in open lagoons followed by biologi-
cal aeration.

Unly four distillaries produce biogas from their effluents
which 1s used to replace coal. The ambiant teaperature of
India, around 30¢C, allows reduction of heating costs. The
biogas plants have been built by Mesas Asoap Organics Ltd
which possesses the know-how and sells the technology. Col-
laboration with various other industries have led to the
construction of other biogas plants outside India.

Incentives for the development of biomethanation are pro-
vided in the form of ediction of pollution control laws, 332
subsidies on instrumental costs, special refinance and dis-
counting schemes given by the Industrial Development Bank.

ODther biomethanation plants are working on sewage wastes or
garbage wastes. The biogas produced is used in individual
households or for electricity generation. More than 200
community or institutional biogas plants of 35 to 140 a3 and
sore than 0.2 million family type plants of | to 15 a3 are
working on animal wastes.
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PRESERTED BY : Mr BHAWANI PRASAD GUPTA
Technical Manager
Madhya Pradesh Urja Vikas Nigas Ltd.
Block-’B* 6.7.B. Complex
T.T. Nagar
BHOPAL-462003 - INDIA
TEL : 68122 TX 3 0

DESCRIPTION :

Installation of Biogas Plants at Jawahar Lal Nehru
Agriculture University

To make best use of the residues available in the
Jawaharlal Nehru Agriculture University, to
provide fuel gas to 330 families residing in the
campus and to create basic facilities for
education and research on hiomethanation
technology in the University.

LOCATION: Jawahar Lal Nehru Agriculture University
Krishi Nagar, Adhartal, JABALPUR-482004 INDIA

DRIGINE OF RESIDUES:

The University is equipped with a stockfarsing
installation for educational purposes. It contains
about 2,000 head of cattle (bovines, pigs and
poultry) producing more than 4,800 tons of dung or
dropping per year. The residues are dumped in pits
to convert it intoc manure but the manure so
produced is not rich as compared to the sanure
produced through biomethanation of the residues.
Sometimes it may also not be fully digested.

DETAILS:

Keeping this in sind a propesal was prepared {i)
to sake best use of the residues available, f{ii)
to provide fuel gas to 330 families residing in
the campus and (iii) to create basic facilities
for education and research on biomethanation
technology in the University. It is planned to
construct 7 digesters with a voluse of 83e3.
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DIFFICULTIES:

Difficulties encountared in the realization of the
project are : (1) process design and engineering
of the huge gas holders (ii) the huge quantity of
input which is required #ésr initial feeding and
which is not made available by the beneficiaries
of the in-estaent and (iii) the non-availability
of proper infrastructure such as roads at
site/village in some of the cases.

STUDY AVAILABLE:

The Energy Developaent Corporation have
commicsioned 26 projects in Lvhe Stae of Madhya
Pradesh frca 1984 to june 1966.

RECOMMENDATIONS:

a) Request for Technical Assistance from UNIDD
through UNDP local office outlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investment Co-operative Programse for further
promotion.

The industrial investment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, IOTD, Departament of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)26313956,
Telex : 135612,
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in Gunung Meliau with linkage to Pontianak System : by Ign Gde

Pasayun, Directorate General of Electric Power, “epartesent of Mines
and Enerqy, Jakarta, Indonesia.

In Indonesia forest biomass represents 217 aillion tons,
agricultural wastes 29.5 amillion tons and anieal dung 114
million tons per year. Hundred digesters have already been
ouilt on animal dung.

In a comsor pale 0il industry 400 tons of fresh fruit bun-
ches are processed each day. The wastes resulting froa this
processing represents 441 of the weight of the fresh fruit.
They are empty bunches, fibres and shells, usually burned to
produce the steam needed in the processing, and sludge
waters, usually discharged in rivers.

In such a pale o0il industry a biogas plant of 4 x 400aX
capacity treating all the residues would produce 24,000a3 of
biocgas per day or 3O0Mwh. If the production of fertilizer (40
t/d} is included in the rentability study, the pay-back time
is estisated to be 9 years and the unit cost 0.06 $Us per
kwh.
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PRESENTED BY : Nr PEMAYUN IGN G6DE

Directorate Seneral of Electric Power & New Eneray
Jln H.R. Rasuna Said, Block X-2, Kav. 7-9

Kuningan
JAKARTA - INDONESIA
TEL : 516044 TX @ 62319

DESCRIPTION :

Biogas Digester for Palm 0il Mill MWastes i1n Gunung
Meliau, Nesr Kalimantan

Necessity to decrease the cost of electricity at
the pals o0il mill and tc reduce the pollution in a
rural environaent.

LOCATION: Palm Qil Mill of Gunung Melian
6unung Melian, West Kalimantan.

OFIGINE OF RESIDUES:

The annual mill capacity represents 20,000 tons of
palm oil. The residues are currently burned, or
thrown into the river or used as landfill. A part
of the waste is presently burned in a boiler to
produce process heat and steam to rumn a generator
for the oil mill.

DETAILS:
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DIFFICULTiES:

A prefeas:bility studv was cragerea by CESEN 1n
associraticn with £/¢: Foture Pesources Associates
Inc. P.T. Widva Pertiw: Engineering. There is no
particular difficulty encountered except the
finance both in lacal and foreign curreacy. The
sponsors of the investzeat proposal are ready to
investigate counter-trading techniques to finance
the project as well as to joint-venture with a
toreign partner. Transfer of technology is being
seeked alsc.

STUDY AVAILABLE:

see above.

RECOMNENDATIONS:

a) Request for Technical Assistance.fros UNIDO
through UNDP local office ovtlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investaent Co-operative Programae for further
proaotion.

The industrial investaent questionnaire, duly
filled in, is to be returned to R.0. Williaas
Industrial Development Dfficer, Cheaical In-
dustries Branch, 107D, Departement of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)26313956,
Telex : 1335612.
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Biomethanation in Paraguay : by L.M. Samanieqgo, University of

Asuncion, Faculiy of Chesical Sciences, Asuncion, Paraguay.

Paraquay does not produce oil, coal or natural gas. It
produces electricity at the Itaipu Dam but the high costs of
electricity distribution prohibit its use in the whole coun-
try. Thus non conventional solutions for energy are looked
for.

Ten digesters have already been built in Paraguay, of which
? are in ope-ation, & are of the indian design and two are
of the chinese design. Cattle sanure is the sost coamson
substrate. Biogas appliances are lamps, stove burners, re-
frigerators and electric generators.

The Facuity of Chemical Science, University of Asuncion, is
developing a biomass energy project funded by UNIDO. Its ais
1s, firstly to experiment biogas production on a pilot scale
and, secondly to start the diffusion of the technology in
rural areas with the help of a governmental institution, The
Cattle Raising Fund that will select the faraers.
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PRESENJTED BY : hs L.M.SAMANIEGO DE BOJANOVICH
Research staff aeaber
University of Asuncion
Faculty of Chesical Sciences
SAN LORENIO
PARAGUAY
TEL : 500343 X : 0

DESCRIPTION :

Technology Development for the Use of Bioamass Energy

In 1983 UNDP/UNIDD funded a project to prosote
biosass energy in Paraguay. This ongoing project
is coordinated by Ms Samanieqo. It covers training
and dissesination of design, engineering and
construction of small pilot plants in Paraguay.

LOCATION: Cheamical Engineering Departaent
Facultad de Ciencias Quimicas, San Lorenzo.

ORIGINE OF RESIDUES:

DETAILS:

The project funded by UNDP/UNIDO coamprises the
following stages : (i) collection of inforaation
on previous experiment in both private and public
institutions in Paraguay and the evaluation
thereof, (ii) market study of the potential
utilization of the biomass in Paraguay, {iii)
evaluation of the national experience in process
design, engineering and construction of basic
equipment and comparison with the experience of
neighbouring countries, (iv) forsulation,
isplementation and evaluation of an investigation
prograsse on the perfomances of the said basic
equipment in function of the saterial used and (v)
finally the process design, the engineering and
the construction of a prototype in Paraguay.
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DIFFICULTIES:

The Faculty cf Chemical! Scienzes wishes to develop
a cooperation with other R&D institutions, and
more specifically from Belgiuam, to further prosote
biomass utilization in Paraguay. Assistance in th.
field of process design & Engineering is
particularly required as well as training of R&D
personnel.

STUDY AVAILABLE:

RECOMMERDATIONS:

a) Request for Technical Assistance from UNIDD
through UNDP local office outlining the
type of assistance required. )

b) Submit the investment proposal to the UNIDO
Investsent Co-operative Programme for further
promotion.

The industrial investeent questionnaire, duly
filled in, is to be returned to K.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Department of Indus-
trial Operations, UNIDO, P.O0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)24313956,
Telex : 135612,
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Status of Biomethanation Development in the Philippines : by

P.F. Ventura, Central Azucarera de Tarlac SA, Metro Manila,
Philippines.

Two major agro-industrial entities have commercialized the
bioaethanation technology in the Philippines : the Haya Fars
and the Central Azucarera de Tarlac.

The Maya Farm produces biogas froa the manure of 25,000
pigs. The reactors are of the batch type. The gas production
is used for electricity generation, water pusping and hea-
ting, solid waste drying, etc...

The Central Azucarera de Tarlac produces biogas from distil-
lery slops and filter cake. The principle of the treatament
is decantation followed by thermophilic anaerobic digestion,
lagooning with and without aeration and finaliy, irrigation
of the sugar cane fields with the final liquid effluent. The
pellution load of the influent is reduced by 80% after
anaerobic digestion and by 997 at the end of the treatment.
The biogas produced is used to reactivate the spent carbon
in the refinery kilns and in the boilers.

There are 19 alcohal distilleries in the Philippines, produ-
cing 8,900 tons of raw sleps per day and 42 sugar factories
producing 3,150 tons of filter cake per day. This means a
biogas potential equivalent to 80 million litres of bunker
oil per year.
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PRESENTED BY : Mr PEDRO VENTURA
Chief Microbiologist
CENTRAL AZUCARERA DE TARLAC SA
Head Office,JCS Building
119 De La Rosa Cor.Alvarado street,lLegaspi Village
MAKATI, METRD MANILA
TEL 8183911 TX : 0

DESCRIPTION :

Extension of the existing 1600s3 digestion unit of
CENTRAL AZUCARERA DE TARLAC

This private cospany develops biomethanation
technology since 1973. The existing unit produces
121 of the total energy need of the sugar factory
and the distillery of Tarlac. The comspany plans to
increase its capacity to 40X of the total energy
need of the plant and to integrate the use of
anaerobic digestion for sanitation/waste
treatment, energy production and cosplete nutrient
recycling.

LOCATION: San Miguel, Tarlac
Fhilippines

ORIGINE OF RESIDUES:

The CENTRAL AZUCARERA DE TARLAC comprises a raw
sugar manufacturing plant (capacity of 7,000 tons
cane/day}, a sugar refinery (capacity of 6,000
bag/day at SCkg/bag) and an alcohol distillery
with a capacity of 45,000 litre/day. The total
guantity of by-products {(filter cake, distillery
slops and clarified sud) produced in a year at
Tarlac represents a minisum biogas potential of
7,600 mio a3 per year.

CETAILS:

The existing biomethanation installation at the
CENTRAL AICARERA DE TARLAC treats the distillery
clops only. The sethod consists of four treatsent
stages namely (i) the recovery of yeast and other
gravity solids, (ii) anaerobic digestion, (iii)
aerobic facultative lagooning and (iv) final
stabilization and dilution.

The process is covered by letters of patent from
the Philipine Patent Dffice and international
patents have been filed in 1984,

Rt the same period the company has established
that, based on the capacity of the biogas plant
processing 20% of the total distillery slops
discharged per day, the savings due to the diesel
fuel and bunker oil that is displaced by biogas
represent more than 411 of the imtial cash
outlay, corresponding to a pay out time of 2.44
years. ‘
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DIFFICULYIES:

The compary 12 ncw »i'lii g ¥z erterd the erxaisting
installation to cover mors than 60L of its energy
requireaent as well as to further develop
sanitation-waste treatasat aad nutrient recycling.
But they seea to face finarncial bottle-neck and
wish to aszociate »itk 2 fnreign partner who could
provide finance and =aquipsent not available in
the Philigpinas.

STUDY AVAILABLE:

RECOMMEKNDATIONS:

a) Request for Techn:icai Assistance fros UNIDO
through UNDP jocal orfice outlining the
type of assistance required.

b) Subait the i1nvestaent proposal to the UNIDD
Investment Co-operative Programse for further
promotion.

The industrial investment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Officer, Cheaical In-
dustries Branch, I0TD, Department of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)24313954,
Telex : 133612,
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SENEGAL

Use of Biomethanation in the Slaughterhouse of Dakar : by Mamadou

Dianka, Ministry of Industrial Development & Craftmanship, New &
Renewable Energy Departaent, Dakar, Senegal.

Every day more than 150 bovines, 440 sheep and 20 pigs are
slaughtered at the Dakar municipal slaughterhouse. This
corresponds to sore than 130 a3/day of water-residue that
has to be disposed off in the ocean. It comprises mainly
stercoral matters, washing water and greases i.e. organic
satters.

Now energy requirements in the slaughterhouse are mainly of
two types : electricity and heated water. Electricity is
used to operate the refrigerating rooms which represents
110kw and corresponds to a totzl cost per year of S50 mil-
1lions CFA., Very frequent break-downs of the electricity
distribution systea perturb the operation of the slaughter-
house. As far as the heated water is concerned the daily
requireaents correspond only to 2 a3 at 85°C but, as it is
heated up with fuelwood (50kg/day) the annual cost of this
amounts up to 450,000CFA.

Hence based on a prefeasibility study executed on behalf of
the Ministry, tender documents for a turn-key supply of a
biomethanatior plant have been prepared and funding is being
requested from various agencies.
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PRESENTED BY : Mr MAMADOU DIANKA

DESCRIPTION

Departeent Manager

Ministry of Industrial Developaent & Craftmanshin

New & Renewable Enerqy Departament
P.0.BOX 4037

DAKAR - SENEGAL

TEL : 215733 TX @ 661

Installation of a Biomethanation Unit at
the Slaughter-house of Dakar

Turn-key supply of a coaplete biomethanation unit
with a capacity of 500 a3/day of biogas (7352
sethane) and of & 7 ton/day of coapost (231
dried matter). The slaughter-house produces 10.2
tons/day of solid residue and 1i m3/day of water
residue.

LOCATION: Dakar slaughter-house
Dakar, Senegal

ORIGINE OF RESIDUES:

DETAILS:

see summary above

The main cosponents of the proposed project are :
(i) a S00 a3 digester, (ii) upstream coaponents
such as feeding tank, crusher, pumps. etc... (iii)
downstream components such as a solid/liquid
separator to produce compost, compost storage
facility and laboratory, (iv) the biogas network
consisting of gas holder, safety instrusentation,
comapressor, and necessary piping works
and,finally, (v) three 40 kw generating sets dual
biogas/fuel with heat exchanger between exhaust
gas and cooling water, electric distributicn
equipeent, etc...

& turn-key contract is being looked at provided
finance could be arranged.
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DIFFICULTTES:

The mair cifficultly (s to rinance the project.
Normally 1t shouid be tinanced with the resources
of the FONDS NATIONAL DE L ENERGIE generated by
the taxes levied on tae >uper-profits of the
Nationai 011 Refinery (SaR) ancd of the oil
distribut:on companies a* the tise when o1l prices
sky rocketed ' Now that the resources of the fund
are al! spent up, the investment proposal has been
presented, in january 1986, to the AGENCE
FRANCAISE FOUR LA MARITRISE DC L’ENERGIE (AFME) and
to the AGENCE POUR LA COOPERATION TECHNIQUE
INDUSTRIELLE ET ECONOMIQUE {ACTIN) but without
positive reaction till now. During the
Consultative Committee Meeting in Belgium, the
delegate from Seneyil exprec=ec the desire to
start negatiation with the Government of Belgius.

The Senega! 1s ready to ansiyse the possibility to
finance the project through non conventional
financing techniques like counter trading.

STUDY AVAILABLE:

A prefeasibility study and tender documents for a
turn-key supply have been prepared by the
Ministry. The conciusions sees very positive
specially on the saving of hard currency and the
pay-back tise.

RECOMMENDATIDNS:

a) Reguest for Technical Assistance froa UNIDO
through UNDP local office outlining the
type of assistance required.

b) Submit the investment proposal to the UNIDO
Investment Co-operative Programme for further
prosction.

The industrial investment gquestionnaire, duly
filled in, 1s to be returned to R.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Department of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1409 Vienna, Austria, Tel.:(0222)26313956,
Telex ¢ 135612,
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Biomethanation in Sudan : by A.A’Halim Elsheikh, Minis*try of

Energy and NHining, National Energy Adeinistration (NEA), Kha-toua,
Sudan.

Sudan is asong the most important producers of sesame,
arabic qum, ground nut and coton. Its animal production is 9
aillion heads of cows, sheeps and camels. As far as energy
is concerned, its forests produce 971 of the energy con-
sumption of the country in the fora of fuelwood and char-
coal. 0il and gas have been discovered but are not yet
exploited. Hy2ro-electricity is produced fros the Nile for
the cities. In 1963 the major sector of enerqy consuaption
was the household sector.

Agriculture residues and animal dung offer a real potential
in biogas production as well as the residues of the S sugar
industries and the sunicipal waste waters of Khartoum. Tha §
sugar industries produce 400,000 tons of sugar per year
togeiher with 1,580,000 tons per year of molasse and bagas-
se. Froe a study of the NEA in the private and pubiic sec-
tors 1t has been deduced that the most attractive biogas
utilisations are power generation and charcoal substitution.

In 1977 the German Co-operation Agency (6TI) built the first
digester fed with water-hyacinths from the Nile. In 1983
twelve other units were built mostly of the indian type. The
gas produced was to be used in households for cooking and
lighting purposes.

Work on the preoduction of biogas from the effluents of
ethancl frosm molass has been confined to preliainary data
because of & Governmental Law prohibiting the production of
alcohol 1n Sudan. The sewage waste water treataent plant of
Khartous is to be enlarged by 2 digesters of 1,500a3. The
objective is depollution and production of electricity for
the national grid.
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PRESENTED BY

DESCRIPTION

Sewage Naste

LOCATION: Se
Kh

ORIGINE OF R

DETHILS:

: Mr A’ HALIN A. ELSHEIKH
Director
Ministry of Energy & Mining
National Energy Adainistration,New & Reneu. Energy
P.0.BOX 2649
KHARTOUM - SUDAN
TEL : 77209 | P 215

Treateent Project

Biogas production from the sewmage sludge of the
city of Khartous. The present treataent consists
of a sedimentation, a trickling filtration and a
drying in a sludge bed. A prefeasibility study was
undertaken by a german consultant
{Ingenieurconsult, Hannover) that concludes to the
necessity to undertake a detailed study before
definite conclusions could be formulated.

wage Treatment Plant
artous

ESIDUES:

see summary above.

Khartoum city is highly populated since the last
few years mainly because of the draught and the
desertification in Western Sudan. Consumption of
fuelwood, charcoal and butane gas increases to the
extend that the supply of these fuels becomes an
unbearable burden to the Nation. The sewage waste
disposal 1s composed of three stations outside the
city, constructed in 19461 and now completely
outdated and overloaded. Hence the project aims at
(i, providing cheap and reliable household energy,
{ii) deminishing the environmental pollution and
fiii) relieving the country from importing fuel
for household purposes.
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The first difficulty is to finance a comprehensive
feasibility study as recomaended by the previous
german study. An amount equivalent to 65,000 DM is
required. The Italian Governaent has been asked to
fund it but without definite reply till now.

STUDY AVAILABLE:

Prefeasibility study undertaken by
INGENIEURCONSULT 6MBH, Hannover in 1984.

RECOMMENDATIONS:

a)

b}

Request for Technical Assistance froa UNIDO
through UNDP local office outlining the

type of assistance required.

Submit the investaent proposal to the UNIDO
Investment Co-operative Prograsme for further
promotion.

The industrial investment questionnaire, duly
filled in, is to be returned to R.0. Williams
Industrial Development Officer, Chemical In-
dustries Branch, I0TD, Department of Indus-
trial Operations, UNIDG, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)2631395s,
Telex : 135612,
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I1NBABNE

Status of Developsent of Biomethanation in liababwe :

by C.E. Chimoabe, Ministry of Energy, Water Resources and Developaent,
New and Renewable Sources of Energy (NRSE), Harare, Ziababwe.

Tuo main prograsmes have been developed in Zimbabwe. One for
the development of biogas in the individual household level,
with the impiementation of 40 biogas digesters so far and
the other for institutional users like schools and rural
community centers where 10 digesters have already been
built. The funding of the digesters is provided by the users
theaselves while the Governsent provides for technical ad-
vices.

The villages are not yet convinced that the biogas is the
annswer to fuelwood shortage. Thus the time spent in collec-
ting the feed stock for the biogas digester is considered
unprofitable. Moreover there exists a probles of hiogas
storage.

Four projects of biogas development are considered : (i) a
biogas promoter funded by UNDP will work in rural areas froa
village to village to informs leaders and teach the people to
build digesters and use biogas; (ii) rural insettlement
schemes based on dairy farming are planned to integrate
biogas production; (iii) commercial farsers will get techni-
cal advices tc build biogas digesters for their workers and
tiv) finally two industries have been identified as condi-
dates for biomethanation projects. One is a food processing
company which produces 356 t/month of coffee bean residues,
and the other is a brewery which produces 50 t/month of beer
dregs.
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PRESENTED BY

DESCRIPTION

Bioaethanati

: fr CHIVARANGE EPHESUS CHINONBE
Deputy Director
Ministry of Energy, Water Resources & Developaent
New & Renemable Sources of Emergy (NRSE)
P.BAG 7758 CAUSENAY
HARARE - ZIMBABWE
TEL @ 707861 TX @ 2141

on & Nutrient Recycling froa Brewing

and Food Processing Wastes

LOCATION: 1)

2}

OFIGINE OF kK

DETRILS:

Production of biogas, soil conditioner and animal
food out of beer dregs {Chibuku Brewery) and of
coffee bean residuve (Willard Foods Cy). A
prefeasibility study has been done and shows
unavailability of adequate equipment in the
country.

WILLARDS FOODS PLANT
CHIBUKU BREWERY

ESIDUES:

1) BEER DREGS : the brewers do not have any use
for these and are keen toc get rid of thea. The
residues consists of sorghum, water and alcohol
(2,150 tons/y) with a concentration of 1171 of
dried organic material. They are sold to farsers
for I$2 per 90kg bag (wet mass) to be used as
stockteeds.

2) COFFEE BEAN RESIDUE : the nationwide annual
quantity represents 2,150 tons of chopped beans
and water with a concentration of 251 of dried
organic aaterial. 201 is used for other foods
product and the rest 1s dumped in areas designated
by the municipality.

Both companies indicated a2 strong willingness to
investigate the potential of producing biogas fros
the:r wastes to substitute at least some of their
fossil fuel needs and squeeze sose profit froa
wastes the; are not currently benefiting auch
from. The problems impeding adoption of
biomethanation are (i) 1gnorance of the potential
of the process and 1ts applicability to their
particular operations, (ii) economic viability ie:
those who are aware of the process may not be sure
of its economic viability and the implication of
moving away from their traditional fuels and (i1i)
conservatise : industrialists are cautious about
investing in new techniques i1nvolving nutrient
recycling and need reassurance in the fore of
other working i1nstallations which they can see. In
the absence of local exasples the probles is
unlikely to be solved, except through joint
ventures with experienced companies ¢ros the
developed world.
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DIFFICULTIES:

The Minictry aishes o r-azatizte the following
contributions : (i} a joiat venture with a foreign
partner who could mobilize 'ecal engineering
capability which is gqood, (ii} the supply of
equipmeat which, due tn foreign exchange
constraints, are often difficult in obtaining fros
abroad and (iii) technoloqy transfer for
dissesination to other relevant local concerns.

STUDY AVAILABLE:

A study has been undertaken by the Ministry in
1983 which concluded to the necessity of obtaining
the three main contributions sentioned above.

RECOMMERDATIONS:

a) Request for Technical Assistance from UNIDO
through UNBP local office outlining the
type of assistance required.

b} Subsit the investment proposal to the UNIDO
Investaent Co-operative Programme for further
prosotion.

The industrial investment questionnaire, duly
f1lled in, 1s to be returned to R.0. Williaams
Industrial Development Officer, Chemical In-
dustries Branch, 107D, Departsent of Indus-
trial Operations, UNIDO, P.0.BOX 300,

A-1400 Vienna, Austria, Tel.:(0222)26313956,
Telex : 135612.
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I1I. SUMNMARY OF THE LECTURES

A. Finances

Co-operation (BADC) : Address delivered by Mr. Ch. Winterbeeck, Adai-

nistrateur 6énéral, at the opening session.

Here follows a summary of this welcoaing address.

After introductory welcoming words to the participants, Nr.
Winterbeeck explained the reasons why BADC took the initia-
tive to convene an international consultative coamittee
meeting to discuss such a specific field as the biomethana-
tion at a time when fossil fuel is becoming cheap again.
They are mainly three : (i) the fact that the energy requi-
rements of sainy Developing Countries wili <ti1ll be very
difficult to cover because of their econcamical situation,
(11) that consequently their dependence on their cwr non-
conventional enerqgy resources will remain as important as
before and (iii) that the present favourable situatior of
the fossil enerqgy on the world market should still be consi-
dered as unstable on 2 leng term basis.

It is therefare up to both the Developed and the Developing
Countries to examine the problem of energy resources giving
them all their necessary importance, and not to slacken the
efforts towards the development of new and renewable energy
that would guarantee a more balanced use of the biosphere
and the preservation of the environment. In this context
biomass appears as an energy source largely available in
Developing Countries but with unexploited or ill-exploited
potentialities at a time when efficient and attractive
technologies are more and mcre feasible if given the right
priority in the country development strategy.

Mr. Winterbeeck also gave an overview of BADC’s role and
activities 1n the developaent co-operation. BADC is the one
department in the 3elgian Ministry for Foreign Affairs - out
of three departments - that is responsible for the public
co-operation with Developing Countries. The two other depar-
taents are : the department for foreign affairs as such and
the department for foreign trade.

In the field of anaerobic digestion BADC is presently under-
taking two main projects : one in Burundi with the Universi-
tv of Louvain-La-Neuve and another in Indonesia with the
University of Ghent. It also co-finances punctual initia-
tives of Non-governmental Organisations and is finalizing
the negotiations for the belgian contribution to the World
Bank Energy System Management Assistance Programme (better
known as the ESMAP)., Furthermore Belgium is preparing a co-
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operation programae jointly with the Morld Bank to promote
the biomethanation of the orgamnic domestic refuse.

In addition to the standard means of co-operation like
training, fellowships, belgian experts, feasibilty studies,
donation of equipment and saterials, etc... BADC has been
recently given two new instruments of co-operation namely :
the Fund for Loan to Foreign Couatries and the Fund for
Development Co-operation. Thanks to these new instruaents
BADC is now in a position to assist by offering concessional
loans, by participating in the equity of state-owned cospa-
nies and by granting credit line to National Developaent
Banks,

Mr. Winterbeeck ended his address by expressing the interest
of both the State Secretary for Developaent Co-operation and
hisseif in the works of the Consultative Comamittee Meeting
as well as their will to base BADC’s future action in the
tield of new and renewable energy, on the conclusions of the
Meeting.

Einancing and Co-financing Techniques : Lecture given by the

Hon. Aabassador J.F.M. Hendrickx, Vice President International Rela-
tions, Arthur Young International Europe, Brussels, Belgiua.

Here follows a summary of this lecture.

The lecture reviews broad historical issues concerning the
factors that generally favoured the investments in both the
developing countries - at the time when they were still
ruled by westerner countries - and in Belgium during the
20th century. The arquments put forward are (i) that, in
both cases, investments were more ahundant and fruitful than
they are nowadays in the developing countries and (ii) that
the reason thereof basically lies on the favourable condi-
tions that prevailed at the time to encourage risk-inves-
taents, These favourable conditions are then analyzed by the
lecturer : a sound financial and economic sanagement of the
countries, inflation kept as low as possible, an adequate
balance between external debt and gross national product,
political stability, free trade policy and fiscal incen-
tives.

Next it is arqued that, if finance for development projects
is seeked by the developing countries from the industria-
lized countries, then (i) it would mainly come from the
private sector which is the most important source of capital
in the western worid and {ii) it will be made available only
if the project is feasible and the local context is attrac-
tive to private capital.

14 these conditions are not met the only possible alterna-
tive 1s the recourse to international deviopment multijate-
ral agencies assistance.
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Some of the new tools to help developing countries, designed
by the World Bank, the IFC, and other siailar agencies are
subsequently discussed.

Counter-trading Technigues : Lecture given by Prof. J. Nagels,

Free University of Brussels, Managing Director of Tracosa SA,
Brussels, Belgiua.

This lecture on the subject of countertrade (CT) consists of
three parts. .

The first one is devoted to the conditioning factors of CT.
Bhat are the economic, politic and social needs that CT
tends to aeet ? Why did CT make new strides since the last
ten years ? Answers to these questions are given by the
analysis of five main functions that are today served by CT.

In a second part the international environmental factors
that favour the recourse to CT are briefly described.

Finally in the third part, a concise description of some
basic CT technigques are given.

Main functions of CT

The five main functions of CT may be summarized as follows :

3 make trade possible where and when prevailing conditions
are such that, without CT, the purchase and sale of goods
and/or services would just be iappnssible, constitutes a
first function of the CT. To consider the problem in terss
of "bad trade versus good trade” - the latter being
brought by natural market-forces - s .ot often relevant.
Indeed the alternative is not so w'ich that one than the
alternative between the so-called "bad trade” and no trade
at all.

% a second function is the regulation of internatiocnal
trade. Through CT, indeed, zones of international trade
tend to protect themselves against the squalls of an
instable international environment. This securing function
that allows to maintain international trade, is of the
same nature as the one served by monetary and customs
unions. Does the European Monetary System not constitute a
relatively more stable zone in a world of fluctuating
exchange rates ? Similarly private or public clearings
serve the same purpose at the commercial level.

$ a third function rests in the inability of certain coun-
tries to organize themselves the international earketing
efforts in order to sell off their goods on the world
market. Hence they base themselves on the experience of
western companies to open up new channels for trade.




page : 3&

3 a fourth function concerns the further elaboration of the
international labour division in the micro-economic field.
It could only be realized when the development gap between
two traders is not too isportant. It implies a relative
steadiness of inter-enterprise flow of business that could
eserge then to complementarities, transfer of technology
and know-how, industrial co-operation ..., in short, to a
more elaborated international labour division.

8 finally, the fifth function is related to the overstepping
of bilateralisa through sonetarized barter techniques.
Clearing agreements, indeed, which are numerous between
East-countries and other countries as well as between
South-countries, tend to achieve an impossible target i.e.
the strict balance between import and export of the par-
tners at the end of the clearing periode. Obviously the
switch-dealers are able to bring a solution to this kind
of probleas. They transfora bilateralisa into aultilatera-
lism and so serve the targets of all parties concerned. In
the same order of ideas CT allows to get round both the
archaic and new forss of protectionisa. In this laetter
case certainly, CT does serve the purpose of free trade.

These five functions could be totally or partially served
without C7.

Nevertheless certain characteristics of the world market
{price instability, fluctuating exchange rates, ...), econo-
m1c maladjustaents of socialist or developing countries
{deficit of the current trade balance, external debt,...)
and endemic disturbances in certain industrial sectors in
the western countries (production overcapacity, weak profi-
tability, ..... ) obviously constitute conditions which fa-
vour the recourse to CT.

The odds are certainly against tc describing in details all
possible CT techniques which are numercus and sometimes very
sophisticated. Here follows a short description of the four
basic CT techniques.

1. The monetarized barter
The conventional definition considers the barter as a trade
of goods without money. It can be represented by the follo-

wing formula :

q' X Hl s q‘ X Hz

where q represents the quantities of goods and M the kinds
of qoods that are traded.
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In this case there is no unit price for N, and Mz and no
necessity to finance the trade. It 1splies the simultaneity
of the exchanges. When the siaulataneity is not realized -
which is a coamon situation - there is always a reference
made to a sonetarized global value of the barter. This is
the reason why it is more correct to speak of a monetarized
barter.

2. The compensation

Compensation always 1saplies that ther= is only one contract
between the western seller - of trucks for instance - and
the purchaser of the South who is siaultaneously selling
coapensated gqoods. Credit-insurance institutions (like the
Office National du Ducroire in Belgiua) never accept to
cover such kind of transactions for they do want that the
two parts of 1t be separated and covered by separate con-
tracts.

Two types of situation exist.

The exporter from the North - selling trucks for instance -
could be sisultaneously purchaser of goods - for instance
tyres - proposed by the partner from the South. In this case
the payment of the transaction is done through the exchange
of the goods (trucks and tyres). If the exchanges are not
simultaneous it is necessary to agree upon short term finan-
cing conditions,

When the exporter of the trucks is not a purchaser of the
goods offered by the South (coton for instance) then the
trucks are still paid for with goods (coton) but through the
instrumentality of a purchaser of the coton in the North who
sust be accepted by the partner froa the South. The purcha-
ser of coton cannot be a dealer but should be the end-user.
The exporter of trucks and the importer of coton agree upon
a "transfer clause” stipulating that the hard currency used
to pav off the coton will serve to pay for the supply of the
trucks.

3. The counter-purchases

Counter-purchases imply that two juridically separated con-
tracts exist i1.e. : one export contract and one iaport
contract for the compensated goods. The export contract
contains no reference at all to the purchase of the compen-
sated goods not even in its annexes. It has its own life of
export contract in all what concerns financing conditions,
peralties, performances, insurance-credit, etc... This is a
"sine qua non conditio” 1f one wants to comply with the
requirements of the insurance-credit institutions. The ims-
plementation of the export contract is not at all affected
by any possible misadventure occuring with the import con-
tract (or counter-purchase contract).
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On the contrary the counter-purchase contract always refers
to the eain contract (the export contract). It stipulates
the rate of compensation, the kinds of gqoods selected for
coapensation, the penalty - covered by a bank guarantee - in
case of not compliance with the counter-purchaze cosaitaents
zrd finally, its duration (generally equal tr che total
duration of the aain contract including the finance period).

4. The linked deals (or linkage deal)

The principle of a linkage deal is very simple : to buy
first in order to sell later. The westerner exporter sakes
sure, in a way of an other, that his purchases in the coun-
try of the South or the East be recorded as valid to cover
his future ecport in the same country. So, if everything
goes according to the agreement, either his previous pur-
chases will be credited as cospleted counter-purchases or he
will be paid in hard currency.

——— e —— -

An escrow-account, also named “"trustee-account” or "specisl-
account”, is only a financial technique that allows to
realize a linkage deal with countries from the South or the
East.

The mechanism is as follws : there is an agreement between
the exporters of a country of the South (banai as, coffee,
sanioc, coton, etc....) and their official wonetary authori-
ties that the payment of their exports be, up to a specific
asount, credited in a bank-account with a foreign banker
{generally in London or Singapore). This account is the
escraw-account.

The monetary authorities of the country of the South and the
exporter - of trucks for instance - from the North have
previously agreed upon the escrow-banker and, in certain
cases, upon the repartition of the interests accrued on the
escrow-account. As soon as this account has been credited
with the sum of say one million dollars - the selling price
of the fleet of trucks - the exporter who has also made sure
that this money be commited only to the payment of his
supply, proceeds to the supply of the trucks.

This technique comprisec the risk that an other creditor of
the country from the South distrains the money credited on
the escrow-account. Although its existence is always kept
confidential by all parties concerned, such a distraint is
still possible a«nd very much depends on the local legisla-
tion of the escrow-“anker.
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tries : Lecture given by S. Deboosere, Laboratory of Microbial Ecolo-

9y, Rijksuniversiteit van Gent, Ghent, Belgium.

Cities of Developing Countries like Bangkok or Jakarta for
instance, produce around 5,000 tons of municipal wastes per
day. The organic matter content and the humidity of these
wastes are higher than in the industrial countries. The
treatments used are : duaping in the open, incineration at
high costs and low caloric value, aerobic cosposting which
tairly suits dry climate and anaerobic digestion. In this
latter case ! ton of the organic fraction of the waste
produces 180 a3 of biogas.

The available technologies for the anaerobic digestion of
aunicipal wastes are (i) the conventionai coapletely aixed
digestion that converts a waste problems into a water probles
by using 10 tons of water for | ton of waste, ¢(:i) the two
phases digestion; (iii) the dry digestion either :n land-
fills where 1t is spontaneous and lasts 20 to %) vears
before coepiete recovery. or in semi-continuous digestion
where biogas 1s recovered in 3 weeks.

nt present there exists two examples of ¢ry dicestion of
aunicipal waste : one ir. France where a 400 a2 digester
works with a 357% dry matter substrate and produces S a3 of
biogas per m3 ot d:ijester and per . y, and another in Ghent,
Selgium, where a pisot plant of 56 a3 produces & al of
biogas per m3 digester and per day, using also the organic
fraction of municipal waste at 357 dry matter. The tempera-
ture of the digester is 55°C. The gas produced is burned in
an electric generator that produces electricity for the
sorting out of the wastes and heat to s3intain the tempera-
ture :n the reactor and dry the effluent i1nto a 89% dry
matter compost.

Two full scale plants of this last design are under cons-
truction : one i1n Belgium and another 1n the Netherlands.
Experiences on dry biomethanation of market waste and non-
hazarJdous industrial waste already exist in Indonesia.

A New Frocess for Advanced Treatment of Waste Waters : Lecture

-t e ReemmLmLaLe eee eEcmmeccn emmmemaoZaf Sw SRneT SRzl Z

given by L. Yriens, Artois Engineering SR, Leuven, Belgius.

The characteris:ics of the Artois Brewery wastewater treat-
ment are (1) the construction of a compact rectangular tank
disided into compartments having defined functions and allo-
wing substantial reduction in capital and operation cost;
{i1) the number of compartments and (11i) the design that
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allows better process perforsances thanks to a two-stage
treataent system and a possibility of two reverse hydraulic
flow directions.

The three stage anaerobic-aerobic unitank systeam with biolo-
gical nitrogen reaoval (3SU-N-Systeam) is an exaaple of such
treatment plant. It combines a biological conditioning tank
for buffering, presedimentation, hydrolysis and acidifica-
tion (3 compartments) with a hybrid methane reactor cosbi-
ning the upflow process and the anaercbic contact process (2
compartaeents) and with a low-rate oxidation stage for biolo-
gical nitrogen removal (5 compartaents). The efticiency of
the system is a BOD reaoval of 981 and a nitrogen resoval of
90%.

____________________________________ : Lecture giver by
H.A. Masson, Institut National des Industries Extractives (INIEX),
Liege, Belgius.

Four topics have been discussed by Mr. Masson namely (i) the
assessaent of the appropriateness of new and renewable ener-
gy technology to Developing Countries, (ii) an overview of
the technologies competing with biomethanation, (iii) glaobal
efficiency of biomass and (iv) some indications about the
problematics of aquatic energy crop.

{i) The appropriateness of a particular new and renewable
enerqgy technology to Developing Countries is based on four
main criteria i.e. : the raw material serving as energy
resource, the energy distribution and the impact the techno-
logy may have on both the economical and social environment.

Eight basic energy resgurces are considered i.e. : cil,
coal, hydraulic power, animal & human power, wood, crop
residue, human & animal waste and enerqgy crop. Now new and
renewable energy technologies sainly concern four of these
basic resources : wood, residue, waste and crop energy.
Because generally food self-sufficiency is the most impor-
tant challenge faced by Developing Countries, technologies
based on crop energy may constitute a draw-back in teras of
land rescurces allocation while, i¥ based on crop residue or
on human % animal waste, they constitute a net additional
energy resource. Hence a technology that utilizes residue
and waste - which is generally the case for biomethanation -
is judged as being more appropriate to Developing Countries
than other technologies (energy crop is being further dis-
cussed i1n the last part of the lecture).

The energy distribution aspect is also important when asse-
ssing the appropriateness of a technology. Many Developing
Countries, indeed, do not have adequate transportation in-
frastructure and therefore the energy produced should as
puch as possible be used locally. This speaks in favour of
small scale decentralized production units - which is also
favourable to biomethanation,
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Finally a«< far as the social and econoeical impacts of a
technology are concerned the less the social environsent and
the country’s import bill are affected the more appropriate
is the technology.

(ii) The competitiveness of the biomethanation technology is
iliustrated by the figure below. It shows various basic
energy resources with their corresponding refining & conver-
sica processes and their converted energy foras on the one
side and the potential end uses on the other side. Arrows
are linking converted energy foras with their corresponding
possible end uses. As it can be seen methane is one of the
energy fores that allows the greatest nuamber of possible end
uses and therefore the competitiveness of biszmethanation,
measured in number of possible end uses, appears to be the
best.

NE. The figure does not show a link between methane and
transportation although many participants indicated that
sethane is being used as truck-fuel in several countries and
particularly in Brazil.
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f111) What is the global efficiency of the biomass ? In
other words what is the amount of energy one can get out of
1t compared to what it contains ? This greatly depends on
the refining & conversion process as it can be seen on the
tigure on the next page. The most efficient way to recupe-
rate the energy accumulated in the biomass by photosynthesis
is the combustion : out of 1 kJ one can recover up to 0.9 kiJ
in the fore of heat. Biomethanation in this respect is
certainly not the most favourable conversion process : its
efficiency ranges from 30 to 40X but is still higher than
alcohol fermentation.

(iv}) At the beginning of the lecture, energy crop has been
judged as generally inappropriate for Developing Countries
mainly because of the land resources and of the human labour
it requires and which are generally thought to be better
utilized if used to develop food crop instead.

Now - as some of the participants confirmed it - there are
circusstances when energy crop does not compete with food
crop. This is the case of aquatic energy crop: sany coun~
tries, indeed, enjoy quite large surfaces of water (1ake,
sea, lagoon...) that could be used for aquatic energy crop
without too much difficulty and, in fact, both the Developed
(EEC and USA) and Developing Countries {Guyana, Philippines
and Thailand) are promoting research and development in this
field.
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Transfer of Technoleqy and Developaent : Lecture given by Ph. D.

Grosjean, Executive Director, Transtec SA, Brussels, Belgiua.

Transfer of Technology is, since many years, one of the aain
topics discussed in national and i1nternational conferences
dealing with development and cooperation between countries
and particularly in the frame work of the North-South rela-
tions.

It is considered as one of the main factors to design stra-
tegy-planning and achieve better results in the development
of nat:i:onal economies and I think that 1t i1s correct.

I a=, indeed, a great believer that today waorld progress and
development necessitate that one shares know-how as auch as
bread, food, the staff of life.This approach does nat kill
the goose that lays the golden eggs ! On the contrary, this
1s an investment advantageous to everyone's future.

This being recognized by almost everyone, one has also to
recognized that conflictual interests and attitudes exist as
to how technclogy transfer aust be carried-out, remsunerated,
evaluated and what 1t 1mpliies for all parties concerned.

This is the reascn why I propose to speak about the fol-
lowing topics:

. firrstly, the words “technology” and “transfer” have
rot a commcn mezning for everybody and I think it important
that we agree on their definition. This is done in a first
part.

. secondly, I will analyse two of the main characteri-
stics of the transfer of technology, derived from the pro-
posed definitions, and

. thirdly, |1 will draw some coniclusions on wha® should
be undertaken tc ease the impliementation of transfers.

1. Definitions

Many different words are used when dealing with transfer of
techknology : KNOW-HOM, KNOWLEDGE, TECHNOLOGY,SCIENCE,
etc.... and thev lead to sisunderstanding for, in fact, they
do not cover the same concepts.

My Ouford Dictionary defines TECHNOLOGY as the science of
the 1ndustrial artes, This 1s not correct, | believe, for it
induces a confusion between SCIENCE and TECHNOLOGY which are
difterent. In fact, although they both represent a systema-
ticaily formulated volume of knowledge, TECHNOLOGY is orien-
ted towards the production of something (goods, services,
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richness) while SCIENCE is not, at least not directly.

Froftessor John H. DUNNING, froa the University of READING,
Great Britain, proposes the following definition for techno-
logy: ALL FORKS OF KNCMLEDGE WHICH MAY AFFECT THE PRODUCTION
FUNCTIONS OF & USER indicating that what is essential in the
technology is its purpose to produce. The link between
technology ant 1ts iaplication of production is so strong
and deep that some other authors prefer to coaplement the
definition by including the material tools that are necessa-
ry to produce. They suggest that the definition be: ALL
FORMS OF KNOWLEDGE AND SET OF TOOLS MHICH MAY AFFECT THE
PEODUCTION FUNCTIONS OF A USER.

Although I ae more in favour of a definition that differen-
tiates what is material froam what is not, this last defini-
tion stresses on the very strong link existing between
technology and its tools. Indeed, technology without the
tools is as useless as the tools without technology.

Besides the word "production® contained in the above defini-
tion one sust also eaphasize the words "all forms of knowle-
dge” and “"user”.

"All fores of knowledge” means not only technical or process
knowledge but also behavioural knowledge, managerial, orga-
nizaetional and other kinds of knowledge which are necessary
to master the var:ous factors affecting the capacity to
produce. Usuallv technology is split up into three main
coaponents (i} the knowledge related to the manufacturing
functions, iii) the knowledge related to the product de-
velopaent functions (i.e. the product design and enginee-
ring) and (ii1) the knowledge related to the manageasent
functions (i.e. the wielding of the required resources to
achieve profitability),

Furthermore the word "user” should not be restricted to an
individual person. It could be 2 user-firm, a corporation,
an organization 1.e.: a cossunity of people having different
role to play tc realize their fira’s production function in
@ given socio-econoaic environaent.

Hence "all the forms of knowledge” also consists of the
various knowledges on how to make people working with effi-
ciency and effectiveness. It covers maintenance of equip-
sent, logistic and procurement, accounting *2chniques, mana-
gement and organization, marketing and coamercialization,
etc....

The reason why I very much insist on the broad seaning of
technology, is that one shoud properly understand and appre-
hend the exact nature of what is to be transfered and there-
from of the difficulty encountered when doing it.
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Let us come now to consider the TRANSFER of technology.

Onre ag2in I do not consider that TRANSFER is the proper
word to define what is intended by it.

Transfering soesething, indeed, means that it 1s physically
resoved from ane place to another and that nothing is left
1n the original place. The same applies when transfering a
property : against a cospensation of whatever kind, sosebody
accepts to abandon his property in the hands of somebody
else; the property is removed from somebody’hands to other
hands.

This is not true when transfering "knowledge® : the donor-
party or the seller of a knowledge 15 not left ignorant
after he transfered it to the receiver-party. He may have
abandonned certain rights attached to the tranfered know-
ledge but he stil has the actua®l possibility to use it to
the detrisent of, or in competition with the receiver-party.
This is an important characteristic of the transfer of
technology as we will see.

I think that "dissemination” or "share” of knowledge are
better words tor what is actually realized - or intended -
is the sowing of knowledge, the scattering of it in somebody
else’s brain for purpose of growth.

This 1s a crucial remark indeed.

In tact no education, no dissemination of knowledge could be
realized without soeme sort of "suicidal® consequence for
the educator, the consequence being that the student even-
tually becomes as jood as or even better than the teacher'
This has always been experienced by parents and educators.

Moreover the success of the education greatly depends on how
the educator reacts to this consequence. I+ he refuses that
his student becomes better than him, he will try to dosinate
by pretending the student is never to acquire his own capa-
bility and sometimes even by refraining him fros shOWlng any
initiative and i1ndependence. This usually leads to conflict!®

On the contrary, if the educator is prepared to seeing his
student becoming as good as or even better than him, he will
let the seed grow and gradually adapt his role on the stage
to persit the new actor to play his own.

As we will see 1t later, this remark is very important to

understand problems arising in transfer of technology.

Let’s suamarize this first part related to the definition of
the transfer of technology as follows:
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. it 1s a disseaination rather than a transéer;

. 1t covers immaterial assets necessary to develop the
production capacity of the user;

. it contains a suicidal consequence for the giver
who, on the other side, is not left without noting
after the transfer.

2. Characteristics of the transfer of technology

Let us now analyse the characteristics of the transfer of
technology as we can derive thea from the above definition.

Let’s start first with the suicidal consequence.

As explained above it is an essential component of any
educationel process. In the economical context existing
between two partners envisaging to realize a transfer of
technology, it is associated with a process of deteriora-
tion/ennoblement of assets. Let’s explain this.

Technology, as we have seen it, is an asset. Indeed it
reoresents an accumulation of knowledge for the acquisition
of which resources have been allocated in the past by the
technology-holder.

Now this asset, for most of its parts, is not displayed on a
coapany balance sheet because it is essentially embodied in
the comspany’s personnel capability and such kind of ismate-
rial asset, indeed, - except if displayed in the form of a
good will purchased from another company - is usually not
recorded in a cospanvy’s book-keeoing.

Hence the sale of technology must be considered, from the
celler’s point of view, as a transformation of “"grey-cell”
asset into "money-asset” {(displayeo as a circulating asset
in the book-keeping) while from the purchaser’s point of
view it is the opposite transformation of "eoney-asset” into
a "gey-cell” acset.

On the balance-sheet of both the seller and the purchaser
the transaction will induce a variation of the circulating
assets while nothing will display the variation of "grey-
cell” assets'.

Meanwhile the technology being disseminated the technology-
purchaser is now in a position to compete with the seller
and reduce his market position. Consequently to msaintain his
growth and keep staying into the market cospetition, the
seller has to reinvest the new circulating assets acquired
in order to develop new technologies of his omwn.

In fact this is a process quite similar to the degradation
of energy into heat.
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The heat, indeed, is a degraded fora of energy for it may

not be totally recovered unless a new source of energy is

also consused; and so the “money-asset” is a degraded fora
of “grey-cells” asset for it may not be reinvested unless

more “"grey-cell” asset is also consumed.

This process of deqradation/ennoblement of assets when
transfering technologies is fundamental. It should be
properly identified and apprehended by both parties of a
transfer; if not, it will worsen the conflictual situation
already existing in any educctional process as described
above.

A second important characteristic of a transfer of technolo-
gy is its iamateriality.

We have just seen that the transfer of technology centains
possible suicidal consequences and conflictual interests.

We will see now that the realization of a transfer presents
other kinds of difficulties because of its iamateriality.

To illustrate this let’s envisaqe the conditions of an
industrial development project carried out under the teras
of a turn-key contract or of a product-in-hand or, even, of
a market-in-hand contract,

Usually the parties of such a development contract have a
completely different understanding of the objective of the
contract and hence, a different intrepretation of its scope.

What the client (or the receiving partner) wants to acquire
through the signature of an industrial development contract
consists of both the material and immaterial cosponents
necessarv to achieve mastery in a specific industrial field.
As far as the immaterial part is concerned i.e.:the techno-
logy, (all forms of knowledge which may affect his production
function), 1t is perceived by hia as something which could
be "sliced-out” from somebody else experience and transfered
as a commercial good. It is named TRAINING in the contract
and its meaning covers whatever might be necessary to make
the client’c personnel capable of performing their future
jobs. Furthermore being considered as sosething transfe-
rable, the training is also considered as being measurable
quantitatively and qualitatively, and hence, subject to the
demonstration of its performance.

The opposite party, on the contrary, claims that training,
being something immaterial and not measurable either quanti-
tatively or qualitatively, it is not possible to demonstrate
anything which might give an idea of its performance. This
is the well known controversy on the responsability of the
supplier of training services as to whether it represents a
commitment to achieve a result i.e.the effective mastery by
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the ciient of the technology, or only to provide adequate
and appropriate means of training.

In this controversy - as it is usually - both positions are
extrese and the only way to reconciliate thea is to clearly
define everybody’s responsability and role in the process of
transfer as well as to identify, amongst the various tasks
of the training programme, what is demonstrable and what is
not.

3.Conclusions -

There are mainly three conclusions.

The first one is related to the deterioration /ennobblesent
process existing in any transfer of technology.

No transfer of technology should be undertaken unless accom-
panied by the reinvestment of its money-compensation, into
new research and development. Technoclogy transfer, indeed,
cshould not be concidered as a today fashionable lucrative
business but should be incorporated within an overall stra-
tegy of growth for the receiver and the giver. If one does
not consider this ineluctable necessity, the effect of the
transfer will be the accumulation of money-assets in the
country of the technology-giver and the increase of competi-
tion on the world market. One shoulo better look at both
parties long term interest by considering the effect on the
world market of the newly created production capacities and
reorienting his own strateqy accordingly.

One should also - but this more on a long term basis - find
new means to evaluate the immaterial assets of a corpora-
tion, to display them on its balance-sheet and to calculate
their depreciation.

The second conclusion deals with the identification of eve-
rybody’s role and responsability in a technology-transfer
process.

It is obvious, indeed, that no party of this process could
deny his responsability in its 1mplementation. The probles
15 the identification of evervone’s responsability.

The receiving party should remain responsible for any factor
that deals with the management and the motivation of his
personnel, the selection of the fundamental choices related
to his strategy and development within the local environ-
ment, the basic organization principles, etc...These fac-
tors, ind--1, are not controlled by the giver and they are
likely to yreatly affect the performance of a training
prograame.
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On the other harnd, the giving-asartv has the crucial respon-
sability to provide adequate and appropriate training as
agreed upon in the contract and this introduces the third
conclusion,

The third conclusion, indeed, is related to the difficulty
to apprehend an immaterial liability like the transfer of
knowledge and to demonstrate its perforaance.

This covers to main issues:

. unbiaised quantitative and qualitative criteria
should be elabarated and recognized to evaluate the results
of training programmes. One of the best ways to explore in
this diractionr, ornobably lies in a mcre sytematic use of
computer-assisted training courses,

. it is essential tnat both the objective and the
scope of a technology transfer uve precisely define and
foraulated. It requires appropriate specification of what is
going to be sold by one party and purchased by the other. As
the usual international contracting techniques (e.g. the
FIDIC standard contract) are not adapted yet to accomodate a
coabination of material and immaterial liabilities, 1t is
ctrongly suggested that new contracting techniques be formu-
lated in a way that permits different types of liabilities
to properly dovetail into each others.
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Countries : Lecture given by Prof. R. Renard, Universitaire Faculteit

Sint Ignacius, Antwerp, Belgiua.

Cost-benefit analysis is a technique for assessing the profitabil-
ity of an economic activity. It consists of five distinct logical
steps. (1) The alternative courses of action which are open to

the decision maker are listed. Typically one wishes to compare

2 number of mutually exclusive variants. If only one activity

is being studied the default alternative is to do nothing, i.e.

to leave factors of production and other inputs in their best
feasible alternative use. It is desirable to study as many alter-
natives as possible, but this could be very costly, and usually

analysts settle for one or two alternatives.

The importance of this may be illustrated with a discussion

among Indian specialists on the profitability of biogas. In one
study, one particular type of family size biogas digester was
found to be profitable when compared to the alternative of 'doing
nothing', i.e. continuing the prevailing practices of energy

use such as using cow dung as a cooking fuel. In a subsequert
study it was claimed however that such digesters were less inter-
esting than the combination of improved composting of organic
wastes and the extra supply of coal to rural areas (1), 1o give
another example, rural biogas projects set up to save on fuelwood
derive much of their usefulness from the fact that they help

to diminish the huge economic costs of excessive deforestation.
However, an even more attractive alternative may be to plant

fast-growing fuelwood trees near the villages.

(2) Costs and benefits are identified for every altermative
under scrutiny. This step consists of listing the relevant costs
and benefits. In the main this is a straightforward exercise,
but it neverthelees requires careful thought. For instance, at

first sight the benefit of producing biogas seem to be the value
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of the gas itself. Hovever more often than not biogas substitutes
for other energy sources, so that its benefit may be the saving

of foreign exchange (in case it substitutes for imported oil)

or increased agricultural production (in case it substitutes

for fuelwood the gathering of which leads to a degree of deforest-
ation which negatively affects the agricultural capacity of the
land).

(3) Costs and benefits are measured. This is done in monetary
terms. The choice of money as the 'measuring rod' is a major
strength but also a weakness of CBA. It allows all costs and
benefits to be expressed in comensurate terms and forces the
analyst to be as precise as possible. In addition many costs

and benefits are 'naturally' given in money terms. Yet this s
not always the casc. How for instance are we to assess the health
benefirs which some biogas projects have? Economists have tried
their best in such cases, but the end result is not always con-
vincing. In some instances it has led to important costs or

benefits being overlooked.

(4) Costs and benefits are weighted so as to make them collapse
into a single figure of project worth. At first sight it may

seem that all we have to do here is to add up all costs and
benefits as they are already expressed in monetary terms in the
?revious step. Additional weighting is nevertheless deemed neces-
sary because costs and benefits may accrue to different people and
at different moments in time. And it is far from evident that

a benefit of 100 pesos accruing to a rich person is 'worth' the
same as a benefit of 100 pesos accruing to a poor person, just

as it is not evident that a benefit of 100 pesos accruing now

is 'worth' the same as 100 pesos accruing in 20 years time. Tech-
nically, intertemporal weighting is performed through the applica-
tion of a discount rate, interpersonal weighting through the

application of distributional parameters.

The following table indicates how much 100 pesos is worth in

the future under differegpt discount rates. The formula is
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D=(1+i) "¢,
i (rate of discount) t (in years)
5 10 20 50 100
5 78 61 38 9 1
10 62 39 15 | -
15 50 25 6 - -
("-": less than one tenth of a peso).

Discounting makes us see the future on a diminished scale. Costs
and benefits occurring after, say, one hundred years must be extre-
mely large tc make a difference to the result of CBA. The probler
which many critics see in this is that in certain fields such

as energy important long term effects occur. Are we justified in

ignoring them?

Discounting is performed for one of three reasons: because of
pure shortsightedness ('myopia'), because future generations
will be better off, or because of the scarcity of investment
funds. Economists do not fully agree on which one to use. We
cannot go into this discussion here in any detail, but it may

be good to give scme idea about the essence of the disagreement.
First, environmentalists claim that there is no moral justifica-
tion for pure myopia. Many economists sympathize with this view.
Yet they stress thct many actual decision: which have long term
consequences such as the construction of nuclear plants or the
rate of depletion of minerals can only be explained by assigning
pure myopia to decision makers. The question then is whose
preferences the economist must follow in performing his analysis.

We come to this in the next section.

Second, it is consistent to apply a discount rate to the future
on equity grounds if we are convinced that future generations

will have higher standdfds of living than the present one, and
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if wve also discriminate in C'A awmong contemporaries according
to their income level. Economists have deviced formulas which
make sure that an identical 'distribution bias® is used in both
cases. It is not evident however that we can just apply this

to any type of cost. Problems will typically arise when we are
dealing with irrepairable damage to our planet. Can ve leave
future generations with a punctured ozon layer just because they
will have a higher level of GNP per capita? And can we on the
same basis justify that a whole series of wildlife species will
have disappeared by then? Many jeople's answer will be no, but
this is a morai position on vhich no consensus need exist in

soclety.

Thirdly, the - -~ount rate is sometimes used to express the oppor-
tunity cost ot capital. If capital can earn 10X elsewhere in

the economy, discounting at 10Z ensures that the project will

only be profitatle if it earns more than 10Z. An opportunity

cost discount rate¢ is usually higher, often two to three times

as high, compéred to an intergenerational distribution discount
rate. The opportunity cost of capital is indeed an important con-
sidezation. However it can bhe brought in into CBA in two differernc
ways which lead to the same due attention to the scarecity of
capital. One is, as indicated, as a discount rate. The major
disadv-zatage is that it does not allow an independent inter-
generational discounting to be performed on equity grounds. The
other way of bringing in the opportunity costs of -capital, unde:
the form of a shadow price of investment, is therefore superior.
(5 Formal investment criteria are applied for accepting or re-
jecting projects. Different valid investment criteria exist.
They are all equivalen® to simple NET PRESENT VALUE (NPV) rules.
The NPV of a project is obtained by adding up all costs and ben-
efits suitably weig-ted for interpersonal and intertemporal con-
siderations. Future costs and benefits are thereby expressed

in their present equivalent. Projects are acceptable if they

have a positive NPV. Among competing projects, choose the one

with the highest NPV. When facing a budget constraint for prcjects
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which are not mutually exclusive, rank them by their NPV to budget
cost ratio (NPV per unit of the budget), and go down the list

accepting projects until the budget is exhausted.

SECTION 2: Further concepts of Cost-Benefit Analysis

CBA has basically two applications in economics. On the one hand
it may be used to predict the actual behaviour of economic agents.
This is the positive side of CBA. On the other hand it may be

used to prescribe behaviour. This is the normative side of CBA.

Economics studies human behaviour under the assumption of individ-
ual rationality. This does not mean that economic agents are
omniscient. Nor is it denied that they may be risk averse or

that they are imbued with the cultural values of their particular
society. It only means that agents, after assessing subjectively
the pros and cons of alternative actions open to them will, on

the basis of available information, choose the action which prom-

ises the highest excess of benefits over costs.

CBA is nothing else but a formalized way of representing such
rational choice. If we have correctly modeled the eavironment and
the objectives of the typical economic agent, and if the under-
lying assumption of 'rationality' is verified, we should be able
to predict his or her actual behaviour. Looked at in this way,
CBA may help us to answer such questions as what exnplains the
uneven success of agro-industrial biogas installations in
developed countries, why family-size biogas digesters seem to
have buen a far greater success in China than in India, or why
governments everywhere do not invest more in the development of
renewable energy sources. Once we have reached this position, we
c¢an go one step further and answer 'what if' type of questions:

how will economic agents react to an increase in a subsidy, or
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to decrease in the price of the substituted energy source, etc.

Normative CBA on the other hand tells the economic agent typically
a government, what to do. This exists in two versions. CBA may

be based on the government's cwn preferences. The result of a
cost~benefit exercise tells the government what it must do to be
consistent with stated policy objectives. Alternatively, CBA may
be based on some other set of objectives, e.g. those of the
economist performing the analysis, or the preferences of the
public as revealed in its market choices. Needless to say, the
outcome of a cost-benefit exercise may depend crucially on which
set of objectives is retained. Environmentalists would for instance
include all the long term effects of air pollution, whereas many

governments happily discount them into oblivion.

Apart from the distribution between positive and normative econom-
ics it 1s useful to introduce one further definition. CBA can be
applied at two levels that differ from one another in their

scope: financial CBA and economic CBA. In financial CBA the unit

under scrutinity is a single economic agent: a farmer, an agro-
industrial firm, a municipal sewage authority, and so on. The
label financial refers to the fact that money is the measuring
rod in CBA, as explained earlier, and should not be understood to
mean that only financial receipts and outlays are to be consider-
ed.

In economic CBA the point of view is that of the country, or

rather the totality of individuals inhabiting it(2) . Economic CBA
can be lmagined as the sum of the financial CBA of all individuals.
It would obviously be impractical to actually perform econonmic

CBA in this roundabout way. Instead economic CBA is calculated
directly. The trick is to use fictive prices rather than the

real prices facing the ecoromic agent used in financial CBA. The

purpose of those fictive prices, called accounting or shadow

prices, is to capture the economy-wide repercussions associated
with the project's use of inputs or its provision of outputs.

Major shadow prices include the shadow wage rate, the shadow ex-
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change rate, the social discount rate, and the shadov price of

investment.

To summarize, we have considered a double distinction in CBA:
positive versus normative, and financial versus economic. By
combining those, we have four types of CBA. In the rest of this

pPaper ve will be mainly interested in normative economic CBA,

and to a lesser extent in its relation to positive financial CBA.

This is illustrated in the following diagram.

positive normative
CBA CBA

financial CBA X

economic CBA X

When performing economic CBA from a normative point of view

two difficult weighting problems arise, which are absent from
financial CBA. In zhe latter case interpersonal weighting does
not arise, as we are by definition dealing with only one economic
agent. Also the relevant discount rate in this case is normally
the market rate of interest facing the economic agent. In economic
CBA things are not so straightforward. To arrive at a single
figure of project worth we must weign the gains and losses of
many individuals. There is not objective way of doing this. What
1s required here is an ethical choice. Similarly discounting now
essentially becomes an issue of intergenerational equity in
which the costs and benefits to future generations are weighted
against those of the present, as explained above. All this

raises fundamental ethical questions.

There is an interesting link between normative economic CBA and
positive financial CBA. In an economy with decentralized decision
making by firms and households we require a mechanism whereby

decisions by the private sector can be brought in line with the

societal objectives set by the public authorities. That is, we
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vould like private agents, while seeking their own advantage, to
do what is good for society at large. Sometimes market forces

will bring this about by themselves. It has for instance been cal-
culated that in the period 1973-1984 energy consumption per unit
of Gross National Product (GNP) has fallen by 1/5 in developed
countries, oil consumption by ll3(3). This has been achieved
largely as a result of deliberate action by private economic
agents, and obviously corresponded to the needs of the national
economies of those countries. The rise in energy prices has been

responsible for this reaction.

Or. other occasions the market fails to bring about this harmony
between the activities of individual agents and the good for
society. Overexploitation of a country's forestry potential is
a case in point, as is industrial pollution. There are then two
lines of action open to the government: on the one hand it can
at least make sure that economic rather than finamcial CBA is

the basis for public sector decision making. In the same vein,

it can eventually extend the activities undertaken by the public
sector. On the other hand it can coerce, induce or otherwise

convince private economic agents to adapt their behaviour.

In a subsequent section we will apply those principles to biogas
projects in LDCs. First we make some general commer .s on the
desirability of this type of energy generation, and on its poor

financial profitability.

SECTION 3: The undervaluation of biogas by the market

Biogas production seems an extremely sensible way of generating
energy. One reason for this is that the raw materials it uses
up in production mostly have no alternative economic use and

are in this sense costless to society. When for instance agro-
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industrial waste is being processed, its 'opportunity cost' will
be zero if it has no feasible alternative use. In fact often
there is a benefit associated with the fact that such by-products
are disposed off. The same applies to biomethanation of sewvage

in urban areas.

A slightly more complicated case arises when such inputs as cow
of pig dung are used in biogas production. These inputs have

in fact an important opportunity cost to the extent that they
are used as a fertilizer. However one of the characteristics of
biogas production is precisely that it uses organic material as
a provider of energy while at the same tize retrieving the
fertilizer value in the form of an eff luent or solid resicuce.
Therefore whatever opportunity cost we have to izpute to tiis
input in biogas production is offset by a corresponding benefit

on the output side.

We now turnm to the inputs other éan the raw materials already
discussed. An attractive feature of biogas technology in this
respect is that it is very flexible. There are in fact many
designs available, some of which do not require sophisticated
imported machines or trained personnei. Instead they rely on
simple, often locally available materials and semi-skilled labour,
both for installation and operation. Many of those 'appropriate
technologies' have been developed in LDCs, and correspond better
to the factor intensities of those countries. At the same time
more sophisticated units should not be ruled out a priori. Es-
pecially in large-scale applications it may turn out that they
are advantageous despite a higher imported capital component

and higher trained manpower requirements.

This picture contrasts with the high cost of using fossil fuels,
given by their prices on world markets. Similarly, if fuelwood
1s used as an energy source the opportunity cost derives from
the land, capital ana labour and other inputs used in the
production of wood. This supposes that demand is met from in-

creased production. When fuelwood demand is met by cutting down



trees without planting new ones, the opportunity cost may
be much higher if this practice endangers the ecological role

of forests.

May we conclude from the above that biomethanation offers a versa-
tile, low-cost process for generating energy? It would seem so.
This does of course not mean that it is the best in all circum-
stances. For instance: organic waste material with lowv or zero
opportunity cost is mot available everyvhere. Also other sources
of energy may be especially cost-effective in particular circum-
stances, such a hydro-electricity in mountainous areas, or pas-
sive solar energy for drying fabrics and food. It is up to CBA

to establish when an where a certain type of biogas plant can be

economically profitable. This is an ewpirical matter.

The logical next question is why biogas is not more successful
than it is today. Apart from applications in China and some other
LDCs, biogas is far from widespread, despite the availability

of field-tested technologies and the prima facie concurrence

of favourable circumstances in m3any areas. Several reasons can

be advanced to explain this state of affairs, such as the lack

of institutional support for its introduction (demonstration
projects, information campaigns, training programmes, and so on).
Or we can mention the cultural inhibitions related to the treat-
ment of human excreta. One further reason which is the main topic
of this paper is the insufficient financial profitability of bio-

gas installations to private decision makers.

There are usually some benefits to the economic agent who consid-

ers setting up biogas installation. Let us take the example of
family sized biogas digesters in rural areas. The smoke generated
by fuelwood during food preparation in the small, badly ventil-
ated houses of the poor may cause serious respiratory and eye
complaints. People do value the health advantage of smoke-free
biogas and will include this in their overall assessment. Also
biogas permits to have evening lighting in the house which adds

significantly to the quality of rural life. This is keenly appre-
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ciated by the people. The same goes for the time saved on gather-
ing fuelwood. Such benefits accrue directly to the people invol-
ved. Although they are not necessarily finmancisl, people will

take them into consideration.

In other cases advantages accrue to other people than the ones
iomediately involved, but they are reflected in the financial
CBA of the decision making unit. Suppose the farmer who has set
up the biogas installation sells some of the effluent to his
neighbours to be used as a fertilizer. The neighbours profit
from the biogas installation in this way, but their benefit is
signalled to the owner of the biogas installation who acquires

an extra income from his sale.

On the other hand there may exist iamportant advantages related

to biogas installations (and which will therefore show up as
benefits in a properly conducted ecornomic CBA), but which do not
trickle down to the level of the decision making unit. In other words
the economic profitability of biogas projacts may exceed their
financial profitability. We mention three categories of such so-

called external benefitc. They need not all occur in every project

of course.

(a) health benefits to the population at large

This will especially apply to biomethanation of urban sewage

and night soil. During anaerobic fermentation sterilization takes
place by which pathogenic organisms are destroyed. There seems

to be some uncertainty about just how effective this sterilization
rrocess is in the different biogas techniques. It will at least
iead to a partial destruction of many disease carrying organisms.

Ls such this constitutes a major health benefit. However it is a

«aefit for which the project itself is not rewarded.

' (b) environmental benefits

siogas installations avert the environmental damage otherwise
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caused to waterways and to the land by the organic effluents
they use as an input. Although such benefits are difficult to
measure exactly, most studies indicate that they can be very
substantial. The point again is that such benefits are not felt
by the individual decision maker who considers setting up a bio-

gas plant.

(c) ggriculthral benefits related to avoiding deforestation

In LDCs a major source of energy is fuelwood and charcoal (4),
Forests are cut down much more rapidly than they can be re-
placed by natural growth. iImportant human reforestation takes
place, but in many LDCs far from emough to close the gap. A major
fuelwood crisis is thus building up in the Third wor1d(3) . This
does lead to higher prices for fuelwood and charcoal, but does
the increase capture all the costs? Certainly not in the case of
wood poaching, a widespread practice in many LDCs. Here the price
charged to the customer essentially reflects the extractio),
transformation and transport costs. It will go up as forests

get depleted and less accessible and more marginal forests are
being cut. But this price does not include the investment which
went into the planting of the forest, nor the cost to agriculture

which indiscriminate deforestation may cause.

There are also external costs associated with biogas production,

and they have to be duely taken into considerationm. Air pollution
1s the main problem. The burning of biogas releases certain gas-
eous residuals into the atmosphere. Although biogas is credited
as being less harmful than many other fuels, it releases rela-

(6)

tively large amounts of carbon dioxide We proceed on the

assumption that overall the external benefits of biogas far

exceed the external costs.
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SECTION 4: What governments can do

The problems which we identified call for remedial action. Private
agents will always be mainly guided by their own advantage, finan-
cially and othervise. Markets pass on the signal about what other
people like and dislike, but incompletely so. The baker or the
car-mechanic will work hard not out of altruistic love for their
fellow countrymen but because the market passes on the preferen-
ces of consumers for bread or car-services into attractive prices
for those who supply them. Unfortunately there is no market
mechanism which rewards biogas producers for the gemeral health,
environmental and agricultural benefits which they create. The
individual decision maker will include the non-pecuniary benefits
which they themselves derive from biogas such as time saved or
evening lighting, but are unlikely to be moved by the non-pecun-
iary benefits to society at large, unless they are translated

into hard cash.

In such circumstances it is the government's task, as the guardian
of the welfare for all, to intervene,. We will sketch in this
section how the government can choose out of several modes of

intervention.

(}) The government can undertake very useful actions at a
central level. It can fund applied research on biogas, e.g. on the
use f locally available organic waste materials. Or it can pro-
vide the institutional framework already mentioned which is
‘»cessary for introducing biogas to people who are unfamiliar
with it, e.g. through demonstration projects. Those are 1llustra-
t.ons of necessary actions to support the private sector of the
¢vvenomy in the use of biogas. Sometimes it is also apparent that
ihe private sector will not undertake certain activities which
are nevertheless useful from the social point of view, such as
setting up sewage treatment plants in urban areas. In that case

the public authorities can undertake such activities themselves.




(2) In most LDCs, even those that call themselves socialist,
the majority of economic activites take place in the private

sector. One way to influence the actions of the private sector

18 through regulation. Governments have a legal power to coerce,

and they frequently use it in economic sphere in their efforts

to reduce external costs. In most countries there is extensive
legislation forbidding the discharge of certain vaste materials
in the environment, setting limits to such a discharge, or
imposing certain devices to reduce pollution. Regulation is the
wost direct way of influencing the prirate sector, and most
politicians feel it is the most efficient wvay to do so. Yet there

are some problems.

In the case of pollution control, regulation requires infor-
mation about the kird of residuals different economic units are
discharging, and about the technical options available in each
tase to reduce pollution. Especially in technically advanced
societies this is a formidable task. Then those regulations must
be enforced, usually requiring extensive policing. The complex~-
ity of all this is illustrated by the measures taken in most
developed countries to limit the air pollution caused by car
engines. Governments will typically force producers or importers
of cars to install certain technical devices before the car can
be sold. Once cars are in circulation it is necessary to ensure
that such devices remain in proper working condition. Often this
is done by compulsory yearly check-ups of all cars passed a
certain age, and by road controls by the police. Similar examples
can be given for industrial pollution. It should be clear that

controls are never watertight, and very expensive to enact.

Yet regulation is an important way of influencing the
behaviour of economic agents, and it has certainly yielded valu-
able results. An illustration which related to biogas is provided
by the regulations in different European countries which restrict
the discharge of manure from pig farms. The obligation to dispose
of at least part of organic waste material in some other way

can make it profitable for farmers to install biogas installations.
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LDSc are in a somewhat better position because their econowmie:
are technologically less sophisticated so that it should be
easier for governments to monitor the private sector. On the other
hand, LDC bureaucracies are much less equipped to perform these

tasks in terms of personnel and other means.

(3) The solution preferred by economists is the use of

financial incentives(7). By carefully chosen taxes and subsidies

the government can change the financial profitability of economic
agents to bring it in line with economic profitability. In this
way external costs and benefits are internalized in the decision
making unit. This will lead in general to better solutions than
regulation, or co economists claim. Indeed, financial incentives
permit the fundamental economic allocation principle to be res-
pected, i.e. that marginal cort equals marginal benefit. The
rational economic agent will go on combatting pollution until

the incremental cost of pollution reduction (e.g. the cost of

a more sophisticated anti-pollution device) is equal to the
incremental benefit (e.g. a decrease in the effluent charge).

In the case of pig farms an effluent charge may thus make biogas
attractive and lead to the same overall reduction in pollution
as direct regulation. When the total level of pollution is still
judged too high, the government can increase the charges. This
will lead to further reduction in pollution. However the reduction
will not be spread out evenly among producers. In those enter-
prises where the cost of pollution abatement is lower, more re-
medial action will be taken. In this way the total economic cost

of pollution abatement should be lower than it is with regulation.

As with regulation, taxes are difficult to monitor. This will
be especially so in the more refined approach favoured by econo-
mists, when there is no lump sum tax but charges which vary with
he amount of pollution. If this system is to work properly, we
need measuring devices and in situ checks. This in turn requires
qualified staff, important expenditures on equipment and trans-
port, and in general a civil service which is relatively immune

for corruption.



Subsidies can achieve the same result as taxes. Consider an
effluent charge on agro-industrial enterprises. As a result such
firms way find biomethanation an attractive proposition. The
same result could be achieved by giving firms subsidies which are
conditional on the setting up of effluent treatment devices. The
government can for instance subsidize part of the initial invest~
ment in a biogas installation. Or it may give an indirect subsidy
through credit facilities or tax relief for those firms that

install biogas units.

Although the end result of a subsidy or a tax may be similar
in terms of pollution abatement at the level of the firm, they
differ in other important respects. In the case of a tax, the
economic agent's financial profitability worsens in the process,
whereas in the case of a subsidy it remains the same, or even
improves if the subsidy more than covers the cost of pollution
abatement. This has consequences for the distribution of income
vhich may or may not be considered desirable. It has also _onse-
quences for the level of activity in the sector in question.

In the end taxes will have a depressing effect on the activities
causing pollution whereas subsidies do not. For instance the
imposition of a tax may lead a firm to quit a line of activity
altogether. This is as it should be. If the present value of
benefits does not exceed the present value of costs, taking into
consideration external benefits and costs, factors of production
should be released for some better use. Economic logic suggests
that subsidies are appropriate in dealing with external benefits,

taxes with external costs.

In the previous section we have suggested that biomethanation
creates external benefits. This would seem to suggest that govern-
ments should do well to subsidize biogas projects. Note however
that those external benefits only arise because there are external
costs elsewhere in the economy. Thus we have argued that biogas
projects helps to stop the spread of diseases (mainly through

contaminated watev). But the contamination risk would not have

arisen if economic agents elsewhere would be penalized for the
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health dangers tkey impose on cociety at large. So the better
intervention would be to levy taxes on the polluters. Similarly
vith the environmental benefits of biogas: they are related to
the discharge of effluents for vhicn the perpetrators are not
penalized. If they were, they would have an incentive to take

the necessary preventive measures themselves.

Deforestation is a comparzble story. Biogas helps to avoid
it, but the real problem is that the economic agents who cut down
forests do not Pay the economic price for their activities. What
1s required here is the establishment and especially the enforce-
ment of common property rights on forests. Economic management
of forests, whirh takes due account of externalities, can then
be envisaged. This implies more judicious harvesting than is
now the case. Those parts of a forest designated for harvesting
can be opened to private agents at prices set by the forest
authority, or at prices obtained through auctioning. Alternatively
the forest authority can undertake the harvesting itself and sell
the produce to private traders. Whichever way is chosen, much
higher prices are to be expected for fuelwood. This in turn will
induce families and firms to save on wood products by investing
in better heating equipment (cooking stoves, drying killns,...),
by being less wasteful in use (e.g. drying wood before burning),
and by investing in private tree planting. By the same token,

biogas projects will also become more attractive.

(4) Many externalities are caused by the great mass of the
poor, both as producers (e.g. deforestation) and consumers (vwaste
disposal). Many of those people live outside of the market, and do
not pay any taxes. It is difficult to imagine a cost-effective
way of controlling their behaviour through financial incentives
11 the way described above. The same applies to regulation, as
those people also live to a large extent beyond bureaucratic
control. Apart from the problem of feasibility, there is a problem
of equity. Levying taxes or otherwise hamiy.r the poorest in their

daily struggle for survival may indeed be questioned on equity

grounds.
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For this reason another approach is oiten advocated: that
of convincing economic agents. The idea is that if people are
made aware of the external costs or benefits of their actions,
mayhe they will be prepared to take them into consideration. The
government could for instance start an information campaign in
rural areas about the need to protect certain forest areas. The
hope is that people will cut down less tregs when they are in-

formed about the wider econological consequences.

The principle has wider applications. The gevermment could
launch 2 campaign in favour of biomethanation directed at agro-
industrial firms. The success of this and similar actions depends
on the context. To begin with it depends on the trust people
have in the puplic autorities. In some countries the government
has forfeited its moral credit with the population through past
exploitation and corruption. It is then in a very bad position

to lead such campaigns.

There are other factors which play a role. Economic agents
may pollute rivers, cut down ecol ogically strategic forests,
or otherwise act against the interest of their countrymen either
out of ignorance or out of selfishness. If the former is the case
an information campaign may be very helpful. If the latter is the
¢~.se not much should be expected. For it is unlikely that people
will become wuch more altruistic just by being exposed to moral
preaching by outsiders. More successful will be cawpaigns which
make use of the extensive sucial control mechanisms within the
local community. This will be easier to accomplish if the target
population is chosen in such a way that the external costs under
attack are felt within it. If for instance deforestation hurts
the whole local community, and not just some far away towns,

collective actions aimed -~ controlled tree cutfting and refcrest-

ation have 2 chance of ¢ - 3 accepted. If a majority of the local
people, inclusive a8 suifirienz part of *he ;.- .! elite, would
benefit from such actions, t .re is 3. .. -~ .- for a concerted
campaign by the public auth- .: es ir ‘ciation with community

leaders and eventua.ly alsc 7 non governmental development
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organisations.

SECTION 5: Concluding comments

In the final analivsis many economic problems turm out to be
political problems. So it is with the introduction of biogas
projects. We have argued in this paper that one reason for their
lack of success is insufficient fimancial profitability. This
has led us to the position that what is required is government
action to cover the gap between financial and economic costs

and benefits. How likely is it that governments will play the
role of custodians of present and future social welfare which

we have assigned them? Are they not all too 'human', i.e. as

selfishk and short-sighted as the rest of us, or even worse?

This question is not without foundation. LDC governments often
feel it is justified to let the economic engine run at a higher
speed by soft-pedalling on environmental issues. Given the pres-
sing problem of development, concern for the environment is con-
sidered a luxury they can ill afford. They may howeve~- well be
wrong. Environment:cl problems have a tendency to str 23ck at
the economy. Loss of tourism revenues, decreasing lana sroduct-
ivity, or additional healih experditures are sure signs. Also
environmental degradation may not show up immediately in economic
measures like Gross National Product, but it affects the welfare
+f{ human beings all the sare. Governments come under increasing
pressure to do something about it. In LDCs pressure is building
Lp in urban areas, politically the most sensitive. With population
growth still at historically unprecendented rates the situaticn
.5 rapidly worsening. By the year 2000 out of the 10 'megdtowns'
(more thar 15 million people) in the world, 8 will be in develop-
ing countries. As a consecuence many LDC governments are coming

back on their eariie’ position that pollution is a problem of
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developed countries which does not concern them. They increasing-
ly realize that it is a pressing and growing problem, affecting
their citizens, including those on whom they themselves rely for
their political survival. Similarly, more and more LDC goverm-
ments are learning from bitter experience that successful develop-
mert must start in the countryside. Once this is granted, it is
usually also accepted that a steady increase iﬁ)energy supply

in rural areas is necessary as an essential -edient of rural

development.

As regards the concern for future generations the question is
whether we can expect gcvernments to be less short-sighted than
the average citizen, i.e. not very much. The answer is that it

is quite likely that individuals want their governments to be
more concerned for future generations than they are themselves.
This apparently schizophrenic behaviour can best be explained
with an illustration. Suppose I want something to be done about
the air pollution from car engines. I would prefer all car
drivers to run their cars in unleaded gazoline. However I will
not drive myself on unleaded gazoline unless others are forced

to do the same. For it would impose costs on me, whereas the
benefits are enjoyed by all, and I would still be affected by the
pollution caused by all the others. The point ic that if this is
the general feeling, nobody will initiate the move towards un-
leaded gazoline, but 211 will welcome the government imposing

it on all. It has been argued that this 'isolation paradox'’
applies in several areas, including our concern for future
generations(s). The consequerce is that governments have probably
the support of their citizens in restricting external costs

imposed .pon future generations.

While governments may therefore become increasingly environment-
conscious, it must be granted that there are Ehings which are
beyond their grasp. One factor which may have an important in-
fluence on the future success of biogas projects in LDCs is the
pricing policies of energy exporting countries. One could advance

sound economic ar Tments to underscore the claim that prior to
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the 1973 OPEC price boom 0il prices understated their opportunity
cost to the world economy. The reason is similar to the one which
explains deforestation at a national level: insufficiently en-
forced common property rights. The OPEC oil cartel re-established
those rights in the form of higher prices for producing cauntries.
OPEC was in this perspective a blessing in disguise for the world
economy(g). As indicated above, it led to a considerable energy
saving per unit of economic activity. Conversely the apparent
collapse of the OPEC cartel iu the mid-1980s poses anew the
problex of proper pricing of non-renewable resources. The
financial profitability of a renewable energy source as biogas

directly depends on it.

If governments show a willingness to do wmore about external costs
and benefits in tbe field of energy, specialists can draw up

2 coherent strategy. It will consist of some combination of
regulation, financial incentives and direct conving of economic
agentis, together with supporting actions by the central govern-
ment. The correct balance may be difficult to find however, es-
pecially with respect to taxes versus subsidies. In the case of
biogas economic logic suggests that what is required is not so
much subsidies to biogas installations as penalizing economic
agents who cause the external costs which biogas installations
help to alleviate. But this solution would require a change in
other aspects of economic policiec as well. Penalizing peasants
for cutting trees is correct in an overall context where rural
development is vigorously pursued. If, as is often the case, the
rural sector is economically exploited and neglected, further
depriving peasants can be questioned on both efficiency and equity

rounds.
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wvhere there are often important international comsequences
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countries affected.
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Countries, World Development, vol 14; no 7, 1986, pp 853-863.
In Asia and Latin Americaz relatively more non-traditional
fuels are being used. Still the share of wood is impressive
in many countries. In Bangladesh a recent survey revealed
that in urban areas between 30 and 507 of fuel consumption
was provided by firewood. See M. PRIOR, Fucul Markets in
Urban Bangiadesh, World Development, Vol 14, no 7, 1986,
pp 865-872.

See e.g. E. ECKHOLM et al, Fuelwood: the enerpgy crisis that
woa't go away, Earthscan, London anc Washington DC, 1984.
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There is a huge literature un environmental externalities, and
how to deal with them. See e.g. R. DORFMAN and N. DORFMAN
(eds) Economics of the Environment - Selected Readings,

W.W. Norton and Co., New York, 1977. A.C. FISHER, Resource
and Environmental Economics, Cambridge University Press,
Cambridge, 1981.

Much of the academic discussion on this topic took place in
the 1960s. Sce for example, A.K. SEN, Isolatiun, Assurance
and the Social Rate of Discount, Quaterly Journal of Econo-
mics, Vol 81, 1967, pp 112-24,

Of course, one may question at the¢ same time the way in which
the economic rent created was distributed among nations, just
as cne may regret the abruptness of the price increase which
probably contributed to a slump in the world economy.




IV. CONCLUSIONS AND RECOMMENDATIONS

The corclusicns of the works of the Consultative Cosaittee Mee-
ting for Biocuethanation aof Agro-industrial residues for Energy Recove-
ry and Nutrient lecyclirg, are ac follows :

{1)

{111)

{iv)

biomethanation is certainly a well-tried technology that
is applicatle to both agro-industrial and agricultural
types af activities to help solve probless at both
coamunity- and family-level.

1ts approgriateness to Developing Countrie. is one of the
best if cospared with other new and renewable energy
technalogies.

the cost-benefit analysis (CBA) of a biomethanation pro-
ject is fundasentally difierent whether it is a financial
or an econcmic CRA i.e. : whether the unit under scrutiny
is a single economic agent or a country or rather the
totality of individuals inhabiting it.

the present woridwide economic situation leads sany
countries to investigate new and non-conventional
tirancing techniques; asongst these the acquisition of
hard currency through counter-trading techniques
constitutes a focal point - because it is more and more
used and 1t proved its effectiveness 1n solving specific
probiems - ang therefore deserves to be further explored
and prosoted by international development agencies.

finaity, even if bLiosethanation 15 an appropriate
technology for Developing Countries, 1t nevertheless
requ:res that its tranfer be effective and efficient
which means that :

$ the training of the personnel should be as comprehen-
S1ve af possible (i.e. : covering operation, mainte-
nance and management) ancd tailor-made to the project
specific requirements:

$ the training programme should comprises an aqreed
methodology to measure its performance 1n terss of
training results;

3 the intended biosethanation project be accospanied by
the development of a sectoral infrastructure to as-
s1st 1n logistic and training similarly to what often
exits in Developed Countries fur the agricultural
sector.
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B. Recosaendations

Based on the discussions held during the Meeting and the conclu-
sions drawn at its closing session, the consulting firs entrusted by
UNIDO with the preparation and the organization of the Meeting has
been requested to formulate a proposal for a biomethanation technical
assistance programame in the participating Developing Countries.

{i) Recosmendations on behalf of each invectment project proposal

As far as the investaent project proj.osals studied during the
Eenval meeting are concerned, it must be said that no sufficient time
was available - both during the preparation phase and the aeeting
itself - to allow a sufficiently detailed study of each proposals and
the formulation of individual assistance prograsses adressed to each
of thea.

Nevertheless with the available information one may certainly
conclude that each of the investaent proposals presented tor the
seeting constitutes an opportunity for carrying out further feasibili-
ty studies covering socio-economsic cost-benefit analysis and environ-
mental impact assessment as explained below as well as further deve-
lopaent work involving process and design studies leading to pilot or
desanstration plants.

Concerning the necessary financial resources it should be
observed :

1 that each individual proposal - being a relatively small
project in terms of capital required - does not attract
the attention of international development agencies or
large financial institutions;

3 that all the investment proposals are suspended by lack of
finance teo undertake the next step;

1 and that - in addition to the common lack of funds of

----------------------------
-------------------------------------

-------------------------------------------

-------------------------------------------------

T Re=s =2 cEmemer cesaEnte acasSaRs

This leads to the important conclusion that there is an inherent
structural 1mpeding mechanism to promcte biomethanation projects. It
consists of the fundamental fact that many of the important advantages
-ejated to biogas installations (which will therefore show up as
serefits in a properly conducted economic cost-benefit analysis) do
~at automatically trickle down to the level of the individual decision
making uvnit.
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Thus biometharati-n appears as a2 *echnology that is aore useful to
2 community as a whole than tc its members individually and, there-
fore, its promotion anc develcpment are basically a governmental
responsability. In fact, because of the very nature of its benefits to
the community, biocsmethanation must be considered as an essential
element of the national environmental policy. If such a policy is
tully integrated in the nation-! development policy through systematic
environmsental impact assessment and cost-benefit analysis of develop-
ment p-ojects as well as through coherent antipollution regulation
then bioeethanation installations may prove profitable on both the
finarcial and econoaic points of view.

Fi..ally this probl=2sa being common to many Developing Countries, it
is believed advisable tnat any technical assistance initiative in this
field be envicaged oo : multi-counlry basiz,

{:i) Recommendaticis on behaif of ihe participating Developing
Countries

This is why it is recommended to elaborate a techniczl assistance
prograsme that initially could be adressed to the countriec that
participated in the discussionc of the Genval Meeting and, in a later
phase, be extended to othe: interested countries.

The development objectives of the programme would stand as
follows :

(1) strengthening the participating countries’ capability in
environmental planning and management;

t11)  assisting the participating countries in increasing the
profitability of biomethanation installations for wastes
and/or residues for energy recovery and nutrient recycling
through systematic environmental impact assessment of deve-
lopment projects and effective legislation towards pollu-
tion abatement and resocurce recycling;

f{ii1) promoting studies and investigation in the field of non-
conventional financing techniques including the counter-
trading techniques;

tiv} ensuring effective and efficient training and transfer of
technolegy in the field of biomethanation.

't .5 suggested to name the programme : BIOMETHANATION ENERGY AND
Tat IROAMENTAL MANAGEMENT ASSISTANCE PROGRAMME (BEMAF).

In its principle, BEMAP’s i1nstitutional framework would be simi-
‘3 what prevails 1n existing programmes like for instance the
“e1.5nal Network #or Agricultural Machinery (RNAM Project) with the
~.t1on that it would not be restricted to the countries of a parti-
.7 Reginn but be adressed, in 1ts initial stage, to the participa-
“.niocauntries in the discussions of the Genval Meeting.
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BEMAF° s concept should be further developed and conceived in
conjunction with existing or intended initiatives from other aultila-
teral agencies (like for instance the Energy Systea Manageaent Assis-
tance Frogramme - ESMAP - financed by the World Bank). Guidelines and
support could also be sought fros UNEP and from the Asian Developaent
Bank that organized, in February 1986, a Regional Syaposiua on Enviro-
naental and Natural Resources Planning the proceedings of which have
been published under the title : ENVIRONMENTAL PLANNING AND
MANAGEMENT.

fs tar as Belgium is concerned and taking into consideration (i)
ite leadership position in biosethanation technology and (ii) its on-
going initiatives and intentions expressed by the Adainistrateur
6énéral of BADC at *he Consultative Committee Meeting opening session,
it is suggested that belgian expertise and resources be mobilized to
play a leading role in the proposed BENAP prograsae.

A formal invitation - in the form of a draft BEMAP project
proposal - should be presented to the Belgian Government by UNIDO.

Bruscels, february 1987.
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NASTES AND RESIDUES IN DEVELOPING COUNTRIES AND AVAILABLE
APPROPRIATE TECHNOLOGIES OF BIOMETHANATION

fi. Introduction

In the course of tre Conscultative Committee Meeting for “"Biome-
thanation of Agro-industrial Residues for Energy Recovery and Nutrient
Recycling”, it has been possible to determine which wastes and/or
residues and in some cases how much wastes and/or resicues are at hand

1n the Ceveloping Countries, the delegates of which were present at
the meeting.

This was then matched with the available technolocies of biome-
thanation tc ascess whether these technologies are appropriate to the
type of wastes and/or residues as well as to the country 1n which

these technologies are to be implemented. The recults are to be founa
below.

Table | lists the wastes and/or residues at hand in the Develo-
+1ng Countries represented at the Consultative Committee Meeting. It
:hould he noticed that, besides wastes and/or residues from agricultu-
ral and municipal origin, most Developing Countries exhibit an increa-
sing interest for agro-industries and hence claim an increasing amount
of agro-industrial wastes and wastewaters to treat.

Chine is the typical example. From a well known policy favouring
we .aplementation of domestic family digesters, China 1s definitely
i uh tiwards a policy of agrn-industrial digesters of large scale.
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Table 1. wastes and/or resicues at hand in the Developing Countries represented at the Consultative Committee
Meeting
Country Sudan Guyana China Senegal
~ Maste
pgriculture
Animal X 150 108 t/y manures
Plant/Crops Aquatic weeds
lngussry
Slaughterhouse X 9.5 t/d paunch

manure, in 130 m°/d

wastewaters
Distillery 70 000 1/d =
, Spent lees
! paper mill 9000 mills
100-200 m?/d.mill
Black liquor
Tannery 200 tanneries
Pharmaceutical (Research) X o
o
n
Municipal 60 000 m°/d Urban sludge -
Khartoum wastewaters e

X : Waste or residue at hand; quantities not known.




Tadlev 1. <30 adyor residues ai hand in the Developing Countries represented at the Consultative Committee
wollityg .cwntinuation)
Country Indonesia Breozil Argentina Philippines
Waste
Agriculture
Aunimal 114 10° t/y manure 128 10° heads of Milking farms Pig manure
cattle = 14 10° w3
biogas
Forest 217 10% v/y

Plant/ rops

29.5 105 t/y

Industry

Distillery

0il refinery

Sugar refinery

2.7 10 tly

= 657 103 t sludge
+ 2 10° t solid
wastes

204 108 m3/y stillage
Cob = 30 g/1

50.4 10° m3/y effluents
Cob = 9 g/l

2.5-10 106 mi/y
stillage
CoDb = 77-100 g/l

2.4 10% t/y
raw slops
(1t =30m biogas)

506 10% t/y
filter cake ;
(1t =150 m biogas

Municipal

A ! Waste or residue

at hand; quantities not known.

abed

€



Table 1.

wastes aald;or residues at

Meeting (continuation)

hand in the Developing Countries represented at the Consultative Committee

fbod processing

(] m° = 22-30 m° biogas)

36 t/month coffee

Country India Zimbabwe Paraguay
Wasie
&§ricu£ture
Animal 200 cogmunity digesters X X
0.2 10° family digesters
lndustry
Distillery 12 1 6 m3 effluents

X

industry bean residues
&'u-'“-‘g 50 t/month beer
dregs
Municipal

X

-

: Waste or residue at hand; quantities not known.

abed

¥
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C. Appropriate Bicaethanation Technolegies for Developin

Biogas is the product of an anaerobic biological process called
methanogenesis and of a technological . process called
biomethanation. Hence, the present paper is divided into three
main parts, the first one dealing with biogas itself, the second
one dealing with the biological process of methanogenesis and the
third one with the technology of biomethanation.

1.1. Properties of biogas

Biogas is a mixture of methane, CH4, and carbon dioxide, CO2. It
is produced from a number of organic matters, which will be
referred to as biomass substrates, S, through the action of
microorganisms which will be referred to as active biomass, X.

It is generally understood that biogas contains between 50
and 80 % methane, CH4, and between 15 to 45 % carbon dioxide,
CO02. It contains usually also about 5 § water, H20 and traces of

hydrogen disulfide, H2S, a fact of importance for most of its
uses.

Biogas is an energy vector. 1Its energetic properties depend upon
its carbon dioxide, €02, conte:.c. Table I lists the 1lower
calorific value of biogas.

Table I
T Methane Carbon dioxide Lower calorific
content content value
(% by volume) kJ g-1 kJ 1-1
50 50 13.4 17.9
liogas 65 35 - 20.3 23.3
80 20 29.9 28.7
~2thane 100 0 50.0 35.9
rvezrol 45.0 33300.
Sasoil 42.1 34500.

111 values at standard pressure and temperature

N.B. (**) based on a paper by A. PAUSS, H.NAVEAU and E.J. NYNS in
BIOMASS ENERGY, edition D.O. HALL and R.P. OVEREND, to
be published soon by JYohn WILEY, U.K.
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Methane is gaseous at all temperatures at which biomethanation
processes can be conducted. Furthermore, as will be detailed
below, methane is 1little soluble in water. Hence, methare
escapes spontaneously from fermentation mixed liquors, so that

no particular process is necessary for its recovery. This i- an
important fringe benefit, so obvious that it is often overlooked.
It is sufficient to recall here the problems associated with the
recovery of ethanol, CH3-CH20H, from fermentation mixed liquors,

not to speak of the energy requirements of such recovery
processes. .

Methane has a critical peint at -82.1°C. This means that it
cannot be liquefied at temperatures above -82.1° C. This is a
serious drawback for the end-use of biogas in cars or lorries.

From Table I, it is clear that 1 1 of methane CH4, has a lower
calorific value roughly equal to one thousand of that of 1 1 of
petrol. Still, under a pressure of 200 bar, 1 1 of pressurised

methane, CH4, has a lower calorific value equal to 1/5 of that
of 1 1 of petrol.

Methane is little soluble in water. In equilibrium with biogas
at 1 atm containing 60 % methane, CH4, by volume, the sclubility

at saturation of methane in water at 35°C is equal to 0.6 mM or
about 10 mg/litre.

Under usual fermentation conditions, as will be seen below,
methane is produced in such amounts per unit fermentation mixed
liquor, that the amount lost because of its solubility in the
effluent is negligible, relatively to the total amount which
escapes as gas. However, when the substrate biomass to be
biomethenized is a very dilute wastewater, such as domestic
wastewater with an average biological oxygen demand (BOD) of
around 300 mg 02 per liter, or below, the amount of biogas lost
by solubility in the effluent, may become relatively important,

mainly also if furthermore the fermentation is conducted at
ambiant temperature.
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1.2. Composition and utilization of biogas

-~

Besides methane, CH4, biogas contains carbon dioxide, C02. 1In
view of the impact that the relative content in carbon dioxide,
C02, in bjogas has on its energetic value, it may be appropriate

at this point to discuss thouroughly *he factors that influence
this relative content.

Basically, the content in carbon dioxide, C02, of the biogas
depends upon two factors. The first one is the mean oxidation
state of the substrate biomass, the second ones are the physico-
chemical equilibria of the inorganic carbon species among its
various forms in the liquid fermentation medium.

Methanogenesis is an anaerobic process. This means that no
dioxygen, 02, nor any other oxidizing agent is introduced in the
reaction mixture during methanogenesis. Hence, the mean
oxidation state of the fermenting system, gas phase included
cannot vary with time. As a result, the relativ: amounts of the
final products of wmethanogenesis : methane, CH4, and the
inorganic carbon species with all its forms, are strictly
depending upon the mean oxidation state of the substrate biomass
accessible for the fermentation. This can be examplified by the
dismutation equation of glucose : ’

C6H1206 *~---® 3 CH4 + 3 CO2

The complete methanogenesis of one mol of glucose will
necessarily produce 3 mol of methane, CH4 and 3 mol of inorganic
carbon, formalized here in a simplified way by CO2. More reduced
biomass substrates will produce relatively more methane and less
inorganic carbon. More oxidized biomass substrates will produce
relatively less methane and more inorganic carbon.

In turn, the inorganic carbon species will equilibrate among its
different forms. ’

Not all of the inorganic carbon will appear in the gas phase.
rirst, part of the inorganic carbon will dissolve and hydrate in
the aqueous fermentation medium. This means that, in equilibrium
with biogas at 1 atm containing 40 % carbon dioxide, €02, by
volume, the solubility at saturation of the forms carbonic
anhydride, C02, and carbonic acid, H2c03, is 16 times higher than
methane in concentration, 43 times more than methane in weight.

It may ba interesting to recall here that, by increasing the
-235ure in the gas phase, the partial pressure of carbon
<ioxide, €02, increases accordingly as a result of Boyle
*ariotte's law, and the solubility of the forms carbonic
zaaydride, €02, and carbonic acid, H2C03 increases accordingly
2> as a result of Henry's law. UWhereas this is equally true for
nethane, CH4, because of the large differences in solubility
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between methane, CHd4, and carbon dioxide %ﬁh its hydrated form,
C02 + H2C03, an increase in pressure in the methane digester from
one to two bars for example will result in small losses of
methane, CH4 in the produced biogas but in larger decreases in
the carbon dioxide, €02 content of the produced biogas. This
concept 1is being looked at as an easy mean to decrease
substantially the carbon dioxide, €02, content of biogas, wmainly
under dilute fermentation conditions.
Biogas, as a mixture of methane, CH4 and carbon dioxide, €02, can
be used as well for combustion in burners or furnaces as for
combustion in engines. The relative amount of carbon dioxide,
C02, is usually not critical. However, the biogas produced
should remain at all times of constant relative composition, as
the efficiency of the combustion as well in burners or in engines
is rather sensitive to variations in biogas composition.

Water vapor in biogas can be renoved by a condensation trap, by
physical absdrption in glycols, by physical absorption on silice
gels and bheads, alumina, activated carbon, bauxite or molecular
sieves (silicates) and by condensation after compression and/or
cooling. Hydrogen sulfide, ‘H2S, can be removed by dry oxidation,
namely on iron oxide, sponges or fillings.

The mixture of hydrogen sulfide, H2S, and carbon dioxide, CO2,
can be removed simultaneously by physical abscrption. in water at
high pressure, in glycols at high pressure (Selexol process) in
propylene carbonate at high 9ressure (Fluor solvent process) or
in pota551un carbonate solutions at high temperature and

pressure, as well as by chemical absorption in an aqueous mixture
of sodium carbonate and ferric hydroxide.

carbon dioxide can bé removed by water scrubbing, possibly in the
future in phosphate buffer solutions or by membrane separation.
Cryogenic methods have not proven successful.
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‘2. METHANOGENESIS

-

The global process of methanogenesis is the 1result of four
consecutive actions (Fig. 1) :

- solubilization - hydrolysis,

- fermentatjion (or acidogenesis),

- link processes, .

- methanogenesis (in the strict sense)

It is due to the joint action of a rather 'large number of
microbial species.

FIGURE 1

- Solid organic matter

[ 1 Solubilization - Hydroly-é-J

Soluble organic matter

[ 11 Fermentntion;]

Transitory end-products

l rIII Link processj

Methane precursors

l | 1v Methanogenesis ]

Methane and inorganic carbon
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2.1. The first action : solubilization of insoluble material

and hydrolysis of polymeric molecules

Whenever solid material is present in the substrate biomass, the
first action must consist in the solubilization of insoluble -
material- either into soluble polymeric material or into soluble
low molecular weight or monomeric compounds (Fig. 2). This first
action involves as well a physical decorganization action on- the

structured solid as a (bio)chemical hydrolytic action on the
disorganized molecules. .

FIGURE 2

Solid orgenic matter

|

Soluble organic wmatter

i
r T 1 3

Proteins Polysacchar.des Lipids ° Miscellaneous
Anino acids Sugars : Glycerol Fatty acids

The first action is often, if not always, rate limiting. This -
means firstly that the amount of solubilization work which can be
achieved per unit réactor volume and per unit time. limits the
tate of loading of the bioreactor, in unit weight substrate.
—aterial per unit volume of bioreactor and per day. This means,
.econdly, that the length of time required to obtain the maximum
solubilization of a single piece of solid may be long, up to days
or even tens of days, depending upon the size of the solid

material. The latter fact will influence the mean residence time
of solid material in the bioreactor. .

“ne rate limitation is. severe in the case of ligno-cellulosic
material, in which case the pratreatment of the substrate
material prior to the solubilization-hydrolysis step may become
recessary. Possible pretreatments are being looked at. These
nretreatments may be physical such as irradiation, steanm
2xplosion and or grinding or chemical such as treatment at high
temperatures. Such pretreatments are always expensive.
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The rate limitation becomes less severe as the content of lignin
in the cellulosic material decreases, namely from woody material, °
a poor substrate material for biomethanatior.,, to .straw which
usually requires a pretreatment and to green plant nmaterial
normally suitable for biomethanation as such. When straw is used
as bedding material for animals, the incubation of straw and
animal waste in the stables where ths mixture is also trampled by
the animals, is an efficient pretreatment.

The loading rates and the mean residence times vary depending on

the nature of the biomass substrates and on the applied
technology. -

The limits are :

-« loading rate : from 1 to 10 kg per day and per m3 of methane
: reactor. )
. mean residence time : frox 5 to 20 days




page : 12 A.
2.2. The second action : fermentation of soluble organic

monomeric material

Soluble organic matter, initjally present. ifi- the substrate
biomass, or orginating from the solubilization of organic
insoluble material, basically corisists of proteins and amino
acids, polysaccharides and sugars, 1lipids, glycerol and fatty
acids and miscellaneous compounds in minor amounts, some of which
are however of major importance for the global process of
fermentation. Fig 3 gives a flowsheeet of the fermentation step,

once the depolymerization of soluble polymeric material is
achieved. . .

FIGURE 3 -

Amino acide Sugars Glicbtol Fatty acid; Miscellaneous
i T i

+
NH,* /NH; Organic Aroma;ico Me
trensitory ¢
end-product . X
molecules

SO4=

J
| v

Neutral Anions H*

AR\

0y
H
l'le

Gas phase Liquid phase

X : Not further fermented in this second action.
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The pH at which the ferméntation of soluble organic matter
spontaneously occurs, that is with no external pH control, is the
result of biclogical and physico-chemical reactions.

As can be seen in Fig. 3, organic anions appear as "transitory
end-products®. These organic anions are end-products released in -
the fermentation medium by fermenting bacteria. They have to be
looked at as electron sinks if the energy-conserving biological
redox reactions are considered from the electron transfer point
of view. They have to be looked at as reducing equivalent-rich
waste molecules if these, reactions are considered from the-
hydrogen transfer point of view.

This question is not elaborated further -here. The basic
conclusion which should be remembered is that neutral organic
substrates have a- potential acidifying power revealed. by
fermentation but that part if not all of his potential acidity

can be located as carbon dioxide, C02, which escapes from the
mixed liquor as a-gas. . )
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2.3. Link processes between fermentation and methanogenesis

A number of end-product mnlecules from the fermentation action
cannot serve ‘as such as substrate xolecules for the methanogenic
action. This is namely the case for volatile fatty acid anions
with 3 and more carbon atoms, lactate, ethanol, aromatics and
long chain fatty acids, indeed all molecules but acetate and the
couple dihydrogen, H2, and inorganic carbon, namely carbon
dioxide, €02, and bicarbonate, RCO3-. _

A number of bacterial srecies exist which are able to metabolize
‘these compounds into acetate, CH3-CO0-, dihydrogen, H2, and
inorganic carbon (Fig. 4). These bacteria are called "obligate
hydrogen-producing acetogenic® or OHPA. With their peculiar
metabolic pathways, these ONPA bacteria constitute a closed link
between .the fermentation action and the methanogenic action. 1In
other words, through their peculiar metabolic pathways, these
OHPA bacteria exert a remarkable *funnel®" effect on the overal
process. Indeed, these OHPA bacteria collect most if not all
simple soluble monomeric molecules which originate or are left:
over from the fermentation action and "funnel®™ them down, that is
metabolize them solely into acetate, CH3-CO00-, dihydrogen, H2,
and inorganic carbon. As a result of this link processes, the
.latter four molecules are the only end-products remaim.ng in- the
mixed liquor at this stage.

FIGURE 4

Organic end-product Fatty acids Aromstics
molecules from fermentation H

1
Voo ! R

Volatile fatty Lactic Ethanol Others

acid anjions acid I I
“.——————

L

- CH3!COO’ . <}é Inorgenic

carbon

ihere is however one major drawback to these link processes.
From a thermodynamical point of view, these metabolic processes
cre only possible, i.e. exergonic, when the partial pressure of
- dihydrogen is kept low to very low, that is down to 10-5 atm.
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The major result of this thermodynamical limitation is that large
absolute amounts of dihydrogen, H2, must flow in theé fermentation
medium but at an extremely low partial pressure of dihydrogen at
all times. This problem was solved by nature by promoting the
syntrophy between obligate hydrogen-producing acetogenic (OHPA)
bacteria and hydrogenscavenging bacterial species.

Whenever biomethanation is split in a two step process,
acidogenesis (fermehtation) and methanogenesis, the link process
with sulfate-reducing or methanogenic bacteria takes normally

place in the second step af methanogenesis. Not all end-
molecules of the first fermentation step will make the 1link
process in the second methanogenic step equally easy. The

fermentation of lactate, CH3-CHOH-COOY and ethanol, CH3-CH20H to
acetate, CH3-COO-, are little  endergonic in their standard state
and, hence, tolerate relatively high partial pressures of
dihydrogen, in the fermentation medium. The fermentation of
volatile and long chain fatty acids and aromatics to acetate is
more endergonic in the standard state end, hence in these cases,
the requirement for low partial pressure of dihydrogen is more
severe. Propionate, CH3-CH2-COO- is the worst substrate for the
OHPA bacteria from the thermodynamical point of view. This
explains why, throughout the related literature, the presence of
high propionate concentrations (of the order of 1 to 3 g per

liter fermentation medium) has been considered as troudle-
shooting.

When biomethanation is considered in a one-step process, the
following scenario must be considered. Under perfect running
conditions in continuous, completely-mixed -processes without
recycle, the fermentation of simple organic soluble molecules
will lead only and directly to acetate, CHE3-CO00-, dihydrogen, H2,
and inorgaaic carbon, without any need for OHPA bacteria and in a
process perfectly hooked onto methanogenesis. No other
transitory end-products are produced. Hence, no link process is

necessary. OHPA bacteria will thus be normally absent from such
fermenting ecosystem.

2.4. The last action : methanogenesis in the strict sense

At this stage of the overall biological process, as was written
above, the fermentation medium contains only acetate, CH3-C0O0-,
dihydrogen, H2  and inorganic carbon. These compounds are
substrates for a number of microbial species belonging to a new
kingdom : the archae-bacteria.

3!1 methanogenic archae-bacteria are temperature-demanding as
...y can usuallly only grow around 35° C in mesophilic conditions

and around 55--65° C in thermophilic conditions. Some species are
taermotolerant and grouw up to 85° C.
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3. THE TECHNOLOGY OF BIOMETHANATION

The process of ‘methanogenesis has found suitable biomethanation
technologies to host it.

First of all, a number of environmental requlrements for the
proper running of these technologies mentionned in the preceedlng
section, can easily be met from a technical point of view :
anaerobiosis or better anoxy (absence of dioxygen, 02),
temperatures around 35 or 60°C, pH between 7 and 8 at least for

the methanogenic action, absence of toxics. These factors will
not be discussed further here.

Secondly, because of the "funnel" effect also described above, as
one passes from fermentation xthrough 1link processes onto
methanogenesis; it can be articipated that methanogenesis being
open to on extremely wide variety of molecules, biomethanation
will be found suitable for an ever increasing variety of biomass

substrates. .Indeed. sewage slidges animal wastes and most
agricultural wastes, wastewaters of agro-industries are classical
substrates for biogas production by biomethanation. Wastes

originating from other industries, supposedly more toxic, add
nevertheless every day to the 1list of potential biomass
substrates for biomethanation. Biomethunation of municipal solid
wastes i3 extensively applied. The topic is well documented in
the literature and will not be further detailed here.

After digestion, the digested slurry can be disposed of on iand
or used as animal feed. Whereas little is being published on the
latter, the former is now well documented.

Tﬁirdly, a wide 'variety of biomethanation technologies has
appeared on the market. It is not intended to describe once more

these technologies-in a systematic way as numerous papers have
gone this way.

Instead, the reasons why given biomethanation technologiés are

most appropriate for given methanogenic processes will be
discussed at some length.

Moreover, it must be noted that, irrespective of the biological
.constraints and of the type of the biomass substrate degraded,
biomethanation technologies are adapted differently depending

upon their objective : energy production, depollution or a
combination of both.
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3.1. Batch or continuous biomethanation systems

Basically, the technologies for biomethanation can be divided
into two major categories. 1In the first one, the batch systen,
the substrate biomass is introduced in one time at the beginning
of the process. In a variant way, the fedbatch system, the
substrate biomass is introduced in two or three times but nothing
is removed from the reactor until the end of the process. In the
second category, the conlinuous system, the substrate biomass is
introduced continuously or intermittently; the total volume of
the mixed liquor remains constant, the digested mixed liquor
being removed continuously or intermittently at the same flow-
rate as the substrate biomass in introduced.

% — 7
T%/ R
% e
Batch Fed-Batch
OR

Gas
" "

Continuous
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All reasons favor the continuous process over the batch process.
From a biological point of view, batch processes are always in a
transient state vhere the proper balance betwveen the various
microbial subcommunities in the global methanogenic ecosystem
remains delicate at all time. Oon the contrary, continuous

processes are in a stationary state wvhere the proper balance
between the various actions is easier to maintain.

From the point of view of a physical state of the substrate
riomass, as long as the mixed liquor remains *liquid" that is up
to the slurry-type, continuous systems are easy to handle. The
simplest variant include the manual semi-continuous (daily for
example) loading of the methane digester. When the substrate
biomass is a solid and remains so in the mixed liquor, giving
rise to what is known as dry fermentation, even then continuous
processes are to be preferred to batch processes. Indeed, and
namely for urban solid wastes, continuous technologies are
reaching the demonstration stage. Only when a very simple
technology is wanted, as is the case until animal manure with
bedding in rural areas, can the batch process be preferred to the
continuous process. Even then, some form of fed-batch process

should be considered, namely the progressive addition of water or
liquid to the solid substrate biomass.

An interesting batch process is the biogas extraction from
landfills. Hughe amounts of domestic waste are disposed off in
landfills. Economically interesting quantities of biogas can be
simply collected over long periods of years from these landfills
from pipes plunging deep into it.

From a performance point of view, the total biogas productions,
for a same amount of substrate, are comparable in batch and
continuous processes. Yet the biogas production in batch process
is non modulable and inconstant. 1In continuous systems, on the
contrary, the biogas production potential remains the same over
indefinite periods of time. A production of biogas, adapted to
the energy demands, can be modulated by a corresponding handling
of the 1loading rate. Indeed, methanogenic ecosystems in
continuous processes can be maintained for long periods of time
without feeding on the one hand and on the other hand, the
response of the gas production rate to an increase in loading
rate is rapid, of the order of hours. The response of the gas
production rate to a decrease in loading rate depends upon the

content of the mixed liquor in slowly degradable matter and may
take from a few hours to some days.

In the future, these systems, at present the most widespread in
the world due to the simplicity and the low cost of building and
to the easy maintenance of the process, will remain widely

diffused, especially in rural countries and in developping
countries.
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3.2. Active biomass recycle ?

FIGURE 6
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Whenever the substrate biomass is a slurry of 7-10 % (wt.wt, dry
weight) containing a large portion of insoluble material, the
most appropriate biomethanation system remains the continuous,
completely-mixed methane digester without active biomass recycle.
It rist be recalled that a slurry remains Newtonian up to 7-10 %
dry weight concentration. At higher dry weight .oncentrations,
t.e mixed liquor becomes essentially non-Newtonia.. This means a
.ompletely different set of physicc-chemical laws for mass and
neat transfer. This also means a reaction mixture more difficult
to render homogeneous. This results in increasing difficulties
to run the biomethanation process in a reliable way.

»it when the substrate biomass is more dilute and contains
»=entially soluble material, the situation is different. One of
vz limiting factors as far as mean residence times are concerned
in continuous methane digesters, is the bacterial specific growth
cate, In wusual cases of biomethanation, hydrogenotrophic
eunenogenic archae-bacteria have specific rrowth rates, between
7 «.né 10 days but cbligate hydrogen-producing acetogenic bacte:ria
way have longer specific growth rates up to 12-14 days.
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In the absence of active biomass recycle, the mean residence time
of the active biomass is necessarily equal to the hydraulic mean
residence time. This explains why in continuous biocmethanation
systems without recycle, the hydraulic mean residence time is
ustally maintained around 12-14 days. It is possible to run
continuous biomethanation systems without recycle at Ilower
hydraulic mean residence times but the effluent then usually
contains amounts of volatile fatty acids increasing with
decreasing hydraulic mear. residence time.

The average permissible substrate loading rate, in continuous
biomethanation systems is of 1 kg dry organic degradable matter
per m3 of mixed liquor (working volume of methane digester) and
per day.

1 kg dry organic degradable matter will produce as much as but
not more than 0.8-1.0 m3 of biogas containing 2/3 of methane,
CH4. A large array of erroneous (much) larger values are to be
found in the literature, mainly the older one.

With mean hydraulic retention times of 14 days, the 1lowest
biomass substrate concentration which still permits the optimum
loading rate, is 14 kg dry organic degradable matier per m3
substrate biomass. In the case of pig manure, the conversion is
about 35 %, that is 35 g organic matter eliminated per 100 g
influent organic matter. Hence, optimum conditions for
biomethanation of pig manures in continuous systems without
recycle can only be encountered with pig manures with a
concentration of 40 kg organic weight per m3, which usually makes
50 kg dry weight per =m3 manure. In barns which are regularly
cleaned with water, the mixing of these washings to the pig
manure easily results in much lower concentrations.

The only way to overcome these limitations is to differentiate

the mean hydraulic retention time from the mean retention time

for the active biomass. This is achieved in practice by trapping

the active biomass in the methane digester or by recycling it

- after a sedimentation (clarification-tickining’} step. How this
is done, will be discussed in the following section.

once these two mean residence times are differentiated, the next
two limitations to the rate of biomethanation are the following.
Pirst, there is an optimum food to microorganisms ratio.

Methanogenic organisms, on an average, cannot metabolize much
more than 1 kg orgznic degradable matter per 1 kg organic
suspended solids, and per day. Whenever the substrate biomass
contains little non-biodegradable matter, the organic suspended

matter in the mixed liquor reflects rather well the active
biomass.

The amount of microorganisms which can exist in 1 m3 of mixed
liguor is limited by the volume which these microorganisms occupy
specifically. This is reflected in the Sludge Volume Index (SVI)
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or volume in ml occupied by 1 g dry active biomass (as dry
(organic) matter). Average concentrations between 10 and 40 kg
active biomass (as dry organic matter) per m3 mixed liquor can be
achieved in practice in continuous biomethanatjion systems with
active biomass trapping of recycle. This then means that organic
loading rates in such systems with active biomass recycle, is
limited to 19 to 40 kg organic degradable matter per m3 =mixed
liquor (digester working volume) and per -day, values often
reported in the literature.

The second limitation is the absolute minimum residence time.
Even though the hydraulic mean retention time is differentiated
from the mean resulting from for the active biomass, the mean
residence time for soluble substrate molecules, remains the same
as the hydraulic =mean residence time. The shortest mean
residence time for soluble substrate molecules is not yet known.
It should be of the order of hours, perhaps lower. It surely
depends upon the nature of the molecule.

It is also most propably very short when only the absorption of
the substrate molecule by the microorganism has to be considered,
and longer when both absorption and metabolism by the
microorganism have to be considered. The former case is
encountered at low food to mircroorganisms ratios, say between
0.1 and 0.3, expressed in organic matter. The latter case is
. encountered at high food to microorganisms ratios say around 1,
expressed in organic matter.

3.3. Trapping or recycle of active biomass ?

FIGURE 7
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Contact processes vhere the substrate biomass is put into contact
vith large quantities of active biomasz in a continuous,
completely-nixed reactor and the active biomass subssquently
decanted in a separate decanter are well known and most generally
used for the aerobic treatment of wvastewaters. It is thus quite
normal that this type of contact process vas among the first ones
to be tested when the anaercbic treatment of wastewater appeared
more economical. Contact process have performances in practice

about twice as large as the simple completely-mixed continuous
process without recycle.

However, the active biomass seems to withstand poorly the
decantation step. First, because biogas evolves within the
active biomass flocs, the apparent density of the latter is oiften
below that of water. Hence, in order to exhibit good
sedimentation properties in the decantation basin, the anaerobic
flocs have to be degassed. This is usually achieved by lowering
the temperature of the mixed liquor between the methane digester
and the active biomass decanter. The recycled active biomass has
hence, to Dbe reheated. The active biomass seems to lose a
substantial part of its methanogenic activity in the process.

These were sufficient reasons to trap the active biomass with the

methane digester itself, a point which will be discussed further
in details below.

3.4. Sludge beds, fixed beds or fluidized beds ?

PIGURE 8
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Pixed beds are processes in which the active biomass is trapped
as a fixed film on a biologically non-active matrix. Fixed-beds
are also well-known though less used in the aerobic treatment of
wvastevaters where they carry the name of trickling filters.

Matrices can be of all sizes from a few ca to large blocs. They
can be of all forms, some of them particularly intended to
channel the liquid flow. They are mede of various materials.
The important characteristics of these materials are their
hydrophily or hydrophoby, their internal porosity, their
adsorbing potential. Plastic, clay and active carbon are typical
examples of materials used as matrices for fixed-beds. Fixed-

beds can be operated with an up or a down liquid flow in the
reactor.

As early as 1970, one questionned the need for a matrix, the
porosity of which is around 0.5. As an alternative to fixed
beds, one tried thus a similar system but without matrix and
called it upflow anaerobic sludge blanket, UASB. It has been
found that the active biomass formed very dense granules in this
type of anaerobic upflow digester, the sludge volume index of
wvhich was as low as 20. As a result, very high active biomass
concentrations per unit working volume could be achieved, up to
50 kg dry organic matter per m3. Hence, very high loading rates,
of the order of 50 kg of COD per m3 of digester working volume

and per day were obtained but not in a regular and reproducible
wvay.

The relative instability of the dense active biomass granules
still remains the weak point of the UASB process. Flocs with a
"sludge volume index of 50-100 are easy to maintain for 1long
periods of time in this process but granules with sludge volume

indexes as low as 10-20 are stable only under still ill-defined
conditions ‘

The tranformation of granules into flocs is accompanied by a
5-10 fold increase in the specific volume of the active biomass.
As a result, whenever this transformation occurs, most of the
active biomass usually leaves the digester with the effluent.

The draw-backs due to active biomass losses in upflow anaerobic
sludge blankets can be seriously reduced if the reactor
incorporates some system of solid-liquid separation. The
following systems are proposed. First, a decanting area is
installed in the top part of the reactor. It is characterized by
a larger section which reduces the upflow velocity of the liquid.
The produced biogas is trapped below this area. Secondly, the
apper part of the reactor is equipped either with a fine-mesh
cieve or with a lamellar decanter. Thirdly, the upper part of
<he reactor consists.of a fixed-bed. The simplest way to achieve
this is to use floating polymer sponges.

7.2 idea to "help" active biomass flocs to gain density with
dense micro-carriers gave rise to the fluidized bed process. 1In
this process, the active biomass is allowed to grow as a thin ’
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tila around heavy particles like sand, of 0.1 to 1 mm average
diametexr. Other materials hzve been proposed , namely active
carbon. As an altermative, the microbial flocs are allowed to
incorporate a large number of smaller heavy particles, the size
of wvhich lies between 10 and 70pm. In the latter case the
microbial flocs are "micro-carrier assisted®. In order to allow
these active biomass "grains® to work properly, the upflow
velocity of the 1liquid in the reactor must be increased,
eventually with the aid of an additional recycle, untill the
fixed bed expands or fluidizes.

At the present time, fixed beds are the most robust process,
upflow anaerobic sluddge blankets, the most performant processes.
Both are presently well implemented throughout the world,
essentially for treating agro-industrial wastewaters. Dilute
namires and extracts from solid biomasses will become the next
targets. Fluidized beds remain more delicate and may well be
better suited for more sophisticate biotechnological processes.
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3.5. Cne or two step process

FIGURE 9
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The overall biological process of methanogenesis consists of two
main biolo~ical sub-processes : acidogenesis and methanogenesis.
It has therefore often been proposed as an absolute rule that,
each step having its own optimum conditions set, biomethanation
should be separated into two distinct technological processes for

optimal performances. It is erronecus to consider this concept
as absolute and valid in all cases.

However, from what has been discussed above in section 2 on
methanogenesis, there appears to be a number of cases where,
indeed, a two-step process offers advantages over a one-step
nrocess. These cases will be summarized here.

First, when the fermentation of given substrate bicmasses is not
only an acidogenesis but is also very acidifying because the
major pairing cation is the hydrogen ion, H30+, it has been said
above that a first acid acidogenic fermenting step resulted in
.12 elimination of a substantial part of the potential acidity as
... in the gas phase. This is often the case with green plant

material and wastewaters from agro-industries, namely sugar
vefineries.
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Secondly, when the sakstrate biomass is a solid, it may be
advantageous to organ.ze a first step to transfora the solid into
a liquid or to extract a liquid from the sclid. In these cases,
the first step will often be a pureliy physical step or a combined
physical-biological step. In this category of first steps, the
handling of the solid portion of the biomass and the operation of
the process dealing with this solid portion may differ from the
handling of the liquid portion of the biomass and the operation
of the process dealing with this liquid portion. Percolation of
solid urban waste is a classical example of this category of
first step.

Thirdly, a simple first step is often set up for technical
reasons. Whenever the supply of the waste, namely a wastewater,
varies with time both in flow-rate or in quality (charge) then an
equalizing basin offers a "buffer®”™ and allows a more steady
ioading of the methane reactor. In this equalizing basin, not
only does the biological process of fermentation occur but solid

material may se”iment and be collected to be treated separately.

It should however be recalled that transfer of large amounts of
dihydrogen, H2, under low pressures of dihydrogen, is the central
link between the fermentation action and the methanogenic action

and that this phenomeron may impair with step separation of
biomethanation.
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