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I. INTRODUCTION 

A Consultative Co••ittee neeting on Bio•ethanation of A9ro­
industrial Residues for Energy Recovery and Nutrient Recycling, orga­
nized by UNIDO in co-operation with the Govern•ent of Belgiu•, was 
held at the •ch~teau du Lac• in 6enval (Belgiu•> fro• 17-21 Nove•ber 
1986. It was directed at accelerating the industrial application of 
bioaass energy and waste recycling technologies with the ulti•ate aia 
of increasing and diversifying energy resources and of environaental 
pollution abateaent. 

The aeeting was directly related to the i•ple•entation of the 
Nairobi Plan of Action on New and Renewable Sources of Energy. 

nany Developing Countries have rich b1oaass resources althoug~ 
these are neither fully nor efficiently exploited. Aaong the new and 
renewable sources of energy, bioaass is generally recognized as having 
one of the greatest potentials for exploit•tion in Developing 
Countries. 

The heavy dependence of aany Developing Countries on agricultural 
production and on energy iaports aakes it iaperative to introdu=e 
aodern 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 i•portant one for 
aany Developing Countries, and it is, therefore, desirable that con­
certed international efforts are directed towards the i~ple•entation 
of industrial projects for energy production fro• agro-industrial by­
products and wastes. 

Belgiu• is one of the world leader~ in bioaethanation technology 
and it was believed that the convening, in Belgiua, of a consultative 
co••ittee •eeting for bio•ethanation will lead to the transfer of 
belgian know-how and resources to interested Developing Countries in 
this i•portant technical area. 

lnvest•ents in the field of bio•ethanation of agro-industrial 
residues for energy recovery and nutrient recycling, are •ore diffi­
cult to ass!ss and pro•ote than other kinds of investaents. If their 
socio-ecological benefits see• evident to •any experts, their finan­
cial and econo•ic benefits for the inv~stor are often considered a~ 
•arginal ~r even doubtful at first siJht. So•e of the reasons ar•: 

Ca> In the past, such invest•ents were generally not considered 
as technically indispensable; 

(b) If realized, their direct contribution to reducing the 
p~oduction costs appears aarginal co•pared to the effect of 
other technically reco••endabl1 •easures such as new or 
i•proved production equip•ent; 
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le> Their financiai returns can often be •easured or.!y in ter•s 
of benefits such as pollution abate•ent and resrurce recy­
cling, and therefore assu•e real significance uoly if heavy 
penalties are i•posed for non-cu•pliance of ant~-polJution 
la•s. 

Yet new trends in this field are being nGticed. "any industrial 
aanagers, indeed, i1 both the Developed and the Developing Countries 
are aore and aore concerned by decreasing the energy dependence of 
their activities. Furtheraore, in countries •here the agro-1ndustrial 
sector is rapidly developing, like in Bra?il, one anticipates ~n 

increasing social pressure, on both the public and private policy­
aaki~g and decision-aaking levels, to achieve effective environaental 
pollution abate•ent. 

In accordance with the above stateaents and/or recoaaendations, 
the Belgian 6overn•ent and UNIDO have decided to conven~ the above 
Consultative Coaaittee "eeting froa 17-21 Noveaber 1986. 

The purpose of ~he •eeting aay be defjned as follows: 

la> To identify and facilitate investaent projects for conversion 
of agro-industrial by-products and wastes into energy 
laethane) 4nd other useful products, -through bioaethanation 
process. 

ib) To identify opportunities for carrying out feasibility 
studies !covering socio-econoaic cost/benefit analysis> on 
bioaethanation projects. 

<c> To identify opportunities for further developaent work 
involving process and design studies and leading to pilot or 
deaonst~ation plants for bioaethanation where the application 
of thi~ technology to a particular type of agro-industrial 
resid·1e appears proaising. 

It is 1•po1 tant to note that the objective of the aeeting was not 
tu be regardej ~,·Jy as one of the u~ual UNI~O initiatives for invest­
~ent proaotio,; !n general. The initiative of the 6overnaent of Belgiua 
and UNIDO, ind~e•I, did not aia 10 auch at proaoting invest•ent in the 
sector of the ~i~aethanation in general but was •ore oriented to•ard 
the !!,!!!!!!!~~ e! lb!it t!!li!!!iso !bt9Y9b !bt !~!litil sf !b!it 
~!tY,!YC!! i~~·~~CY !!,b!D!!!I !9d lb! !11~9!!!199 Pf '90,!!!! !Dd 
!~RC9Rti!!! !9l~!£991£ 

Appro~1•~·vty 5J persons attended the Consultative Co••ittee 
Meeting : 13 rPp·•~~~·at1ve1 of the Developing Countries lout of 15 
1nv1ted> and 37 repr,sentatives of the Belgian bu1ine11 and/or acade­
•ic coaaunitv a~~ one Unido officer. 
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Developing Countries Participants •ere selected on the basis of 
their invest•ent proposal. In june 1986 UNIDO invited govern•ents of 
selected Developing Countries to no•inate up to three suit~bly quali­
fied industrialists fro• public and private sectors and/or official• 
•ho have responsability at policy-•aking and decision-levels, to deve­
lop and pro•ote bio•ass energy technologies (especially bio•ethanation 
technology> in general and invest•ent in these technologies in parti­
cular. T~e final selection of participants •as done on the basis of 
the candidates• personal data and cf the project proposals by TRANSTEC 
(Brussels>, a belgian consulting fir•, specialized in transfer of 
technology and invest•ent pro•otion, •ho had been entrusted, as a sub­
contractor of UNIDO, •ith the organization and the preparation of the 
•eeting. 

ftore than 50 project proposals •ere presented to the selection 
co••ittee that co•prised 

- Ed•ond-Jacques NYNS, ftaster in Phar•aceutical Sciences and 
in Che•istry, Ph. D. in Bioche•istry, Professor at the 
University of Louvain, Belgiu•; 

Alain DENIS, Econorist, Experts in Invest•ent Pro•otion; 

- Philippe D. GROSJEAN, ftaster of Science in Engineering, 
Post-graduate in Business Ad•inistration and in Foreign 
Trade, Expert in Huaan Resources Develop•ent 

together •ith representatives fro• the Belgian Office for Foreign 
Trade, the Office of the aelgiar. Pri•e ftinister for the Prograaaation 
of the Scientific Policy, and delegates fro• Belgian Professional 
Associations. 

The selection criteria of the project proposals and/or the candi­
dates •ere essentially based on the richness of the candidate's coun­
try in potential bio•ass resources, its dependence on ag~icultural 

production and on energy i•port, the possibility of the proposed 
project to increase the added value of agricultural production, its 
di~ree of integration in the environaent on both the social and the 
geographical point of vie• and finally the candidate's qualification 
to explain the proje~t·s specific difficulties of iaple•entation. 

Site visit! have been undertaken to projects identified as •bor­
derline cases• or •hen several projects •ere in co•petition in order 
to enable final sel~ctions to be aade. 

Fifteen candidates have been no•inated by UNIDO to attend 
the fteeting. They •ere fro• : Angola, Argentina, Brazil, Burundi, 
China <2 delegates>, Guyana, India, Indonesia, Paraguay, Philippines, 
Seneg1J, Sudan, Thiiland and Zi•bab•e. 

Belgian participants •ere selected on the ba1is of their qualifi­
cation to contribute on the topics that ••r9 raised in the project 
proposals and bring the best relevant ans•~rs to th••· 



Tne analysis of the invest•ent proposals presented by the selec­
ted countries indicated the existence of four •ain types of difficul­
ties encountered by Developing Countries in the realization of bio•e­
thanation invest•ents : 

\a) fin~ncial difficulties co•pr1s1ng the negotiation ~f joint­
ventures with foreign partners, the qranting of co••ercia1 
loans, the netl of assistance fro• international financing 
institutions ard fina•ly the ac~uisition of hard currency 
through counter-trading techniques (co•pensation, linked 
purchases, clearing, counterpurchase, etc ••• >; 

lb> technological rlifficul:ies; 

(c) econo•ical difficultie~ and, •ore particularly, the socio­
econo•ic cost/benefit analysis of a bio•ethanation inve5t•ent 
project; 

(d) and difficulties related to the i•pleaentation of invest•ents 
in this iaportant technical area or to the realization of 
energy develop•ent plans based on the use of the bioaass. 

Consequently the work of the Consultative Coa•it~ee "~eting ha5 
been divided into four aain the•es of discussion : Finance, Technolo­
gy, Econo•y and l•ple•entation, each one being taken as the aain theae 
of discussion of a day as folIQws: 

<al Finance on nonday, ~ove•ber 17 

(~l Technology : on Tuesday, Nove•ber 18 

(c) Econo•y : on Wednesday, No~eaber 19 

(d) I•ple•entation : on frjday, Nove•ber 21 

Thursday, Nove•ber 2C has been devoted to visits of plants. 

++++++++++++++++ 
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II. SELECTED INVEST"ENT PROPOSALS and STATE OF THE ART 
in the Participating Developing Countries 

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

o~t of the fifteen noainees froa the Developing Countries tNO 
have had to cancel their participation in the aeeting at the last 
ainute <Angola and Thailand>. Thirteen delegates participated in the 
Nort of the aeeting. 

The investaent proposals together Mith a short descriptian of the 
State of the Art in each of the Participating Developing Countries, 
listed in alphabetical order of the countries, folloN : 
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B!e2r! gn !b~ ~~! g! ~!9!f!b1n1!!2n in ~rg~n!!n! : by F. Sineriz, 
Secretariat of Energy, D~partaent of Non Conventional Sources of 
Energy, Buenos-Aires, Argentina. 

Ar~entina has no big reserves in oil and •t present natural 
gas is vented a•ay because there is no pipeli~e. The hydro­
electric potential is big but the suitable generating sites 
are far a•ay fro• the consuaer centers. There also exists a 
nuclear prograaae. To fill the deficit in light liquid fuels 
an alcohol prograaae pr~•otes the developaent of distille­
ries. 

In this context bioaethanation in Argenti~a is considered 
for the treataent of agro-industrial •astes, to reduce pol­
lution and costs of •aste•ater treataent, and for the treat­
aent of aniaal aanure in locations far a•ay fro• the energy 
distribution systea. 

For the treataent of stillage several designs have been 
tested and the UASB design has been retained on the basis of 
results obtained in a 100 1 seai-pilot scale reactor. A 
contract has been signed bet•een the Secretary of Science 
and Technology and a leading distillery to build and operate 
a 30 a3 UASB pilot plant. The expected production of a full 
scale plant •ould cover 65 to 751 of the energy neP.ds of the 
distillery. 

In the case of bio•ethanation of aniaal aanure, since the 
aniaals gra:e freely all year round, the only faras that 
could profit fro• the biogas technology are the •ilking 
faras located far ••ay fro• the electricity distribution 
systea. In the~e faras the aanure collected t•ice a day 
during ~ilKing tiae •ould produce the energy needed to cool 
the •ilk fro• 22'C to 4'C. 
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PRESENTED BY : "r FAUSTINO SINERIZ 
Director 
Secretariat of Energy (SECYT> 
Departaent of Non Conventional Sources of Energy 
Avenida Cordoba 831 
BUENOS-AIRES 1054 - ARGENTINA 
TEL : 5481230744 Tl : 25272 

DESCRIPTION : 

The utilization of biogas in a dairy far• to cool ailk: 
project developd by INTA 

The National Institute for Agriculture (JNTA> is 
developing the use of biogas produced in a dairy 
far• to operate the ailk cooling unit by aeans of 
absorption equipaent. They are looking for 
technological cooperation to further develop the 
systea. 

LOCATION: Taabo •La Julia•, Ciganotto Hnos. 
Suipacha, Provinc1a de Buenos Aires. 

ORIGINE OF RESIDUES: 

DETAILS: 

The dairy far• is located in the suburb of 
Suipacha, in the state of Buenos Aires. It 
consists of 100 bovines producing an annual 
average quantity of 300,000 litres of ailk. The 
bovine aanure is digested in a t•o steps proc~ss 
biodigester with a noainal capacity 
of 30 a3/day to cover all the energy needs of the 
fara. At the aoaent it is used for water heating 
only and the balance is spoiled 
in the Mind. The sludge is used as fertilizer in 
the f ara. 

Energy is Midely used in dairy fara for •ilk 
extraction a~d cooling. As the conv•ntion1l energy 
in a1ny cases is not existing or not aade 
available because of the distribution cost, INTA 
ind the owner of the fir• •La Julia• decided in 
1984 to jevelop 1 11r9e scale biogas 
digester which could satisfy the entire energy 
requireaent of the far• •La Julia•. The cooling of 
the •ilk 1t the fara i1 of 1 paraaour.t iaportance 
for it conservation. Extracted twice a day by a 
aechanic1l 1y1tea, the •ilk 11Ult be cooled fro• 36 
degree to 22 degree 1nd a1int1ined at this 
teaperature till its tranaport1tion 
once 1 d1y 1t the d1iry factory. Hence 1 •ilk 
cooling syste• by •11n1 of a~aorption ••chine 
operated by biog1a, i1 being developed together 
by INTA, the o•ner1 of the far• •La Julta•, the 
owners of the d1iry factory •La Suip1chen1e• 1nd a 
private engineering coapany naaed DYIATHER" 
THER"ODIMA"IC b11ed in C1atelar. 
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DIFFICULTIES: 

The •ain difficulties are: lil the design of the 
absorption e~uip•ent to be oped by biogas; (ii) 
the aobilization of financial resources to 
co•ple•ent these alre;ady obtained fro• the 
sponsDrs of tne project 
and finally liii>the supply of special equip•ent 
(such as •etering and control apparatus>. 

STUDY AVAILABLE: 

A feasibility study prep;ared by-"r E.C. GIL 
ESPINOSA, "· B06LIANI and J. HILBEkT of the INTA 
in 1984 concludes th;at the effitiency and the 
profitability of the syste• greatly depends on the 
successful design of the ;absorption equip•ent. 
According to the sponsors of the project, this 
kind of equip•ent is not existing on the world 
•ilrket. 

RECO""ENDATIONS: 

a> Request for TPchnical Assistan~e fro• UNIDO 
through UNDP local office outlining the 
type of assista .. ce required. 

b) Sub•it the invest•ent proposal to the UNIDO 
Invest•ent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Will1a•s 
Industrial Develop•ent Officer, Che•ical ln­
dustries Branch, JOTO, Depart•ent of Indus­
trial Operations, UNIDO, P.O.BOX 300, 
A-1400 Vienna, Austria, Tel.:(0222)26313956, 
Telex : 135612. 
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'!g!!!~!~!!!g~ i~ !!!!!!!!~ 8!fg~g! ~!g9!!!!! : by A.6. 5alerno, 
Zanini SA Equipa•entos Pesados, RlD Depart•ent, Sertaozinho, Brazil. 

In Brazil the •ain crops are corn, soya, bean and ri~e. The 
•aste potential of these crops is 120 •illion tons. The 
biogas potential fro• the 14 •illion head of cattle is 14 
•illion cubic •eter per day. Six thousand digesters of 4 to 
6 •3 have already been built in rural areas. 

The alcohol industry produces i7 •illion •3 of alcohol per 
year together Mith 204 •illio~ •3 of stillage at a COD of 30 
g/l. The sugar industry produces 7 •illion tons of sugar per 
year •ith 50 •illion •3 of effluent at a COD od 9 g/l. The 
food an~ beverage industries are not considered because of 
the lo• COD concentration o~ their effluents. The bagasse 
r@sulting fro• the process• ~g of sugar cane a•ounts to ~7 
aillion tons per year and it is used ~s cheap fuel in the 
sugar processing industries. 

Econo•ic studies show that bjogas production in the alcohoJ 
industries is not rrofitable if it is to replace bagasse as 
fuel. But it •ould represent a 6.61 increase of inco•e if it 
is used as autoaotive fuel in the lorries that transport the 
cane and/or if it is sold for other uses. 

If all the residues •entioned above •ere to be treated 
anaerobically, including •unicipal wastes, it Mould •ean a 
production of 7,000 •illion al of biogas per year i.e. half 
of the actual alcohol production in Brazil in teras of 
energy. 
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PRESENTcD BY : "r ANTONIO 6ILBERTO SALErNO 
Director 
ZANINI SA Equi~a•entos Pesados 
Research ' Develop•ent Depart•ent 
Via Ar•ando de Salles, Oliveira k• 4, P.0.801 139 
14160-SERTAOZIMHO - BRAZIL 
TEL : 166423111 Tl : 166315 

DESCRIPTION : 

Transfer of Technology in the Field of Bio•ethanation 
fro• Belgiu• to Brazil 

ZANINI recently signed an agree•ent •ith the 
belgian co•pany ARBIOS SA to gradually transfer a 
technology into Brazil. The initiative fits in the 
brazilian PRO-ALCOHOL PLAN and ai•s at further 
reducing the overall alcohol production costs. 

LOCATION: still unknowh 

ORI61NE OF RESIDUES: 

DETAILS: 

The residues considered in this project are •ainly 
the bagasse fro• the sugar factories and the 
vinasse fro• the alcohol distilleries. 

In the last decade ZANINI has greatly contributed 
to the develop•ent and the i•ple•entation of the 
brazilian PRO-ALCOHOL PLAN. If on the energy side 
this developaent plan greatly contributed to 
reduce the brazilian dependence on i•ported 
energy, it also created huge quantities of 
agro-industrial residues •hich •ere not and still 
are not sufficiently taken care of to avoid 
•assive environ•ental pollution. 
Today the brlzilian govern•ent •ishes to reorient 
the i•pleaentation of the pro-alcohol plan towards 
reducing the distillerie• production r.ost instead 
of increa~ing the nu•ber of new di1tillerie1. This 
leads to consider the va1t a•ount of energy still 
contained in the ba9a11e and in the vina11e and to 
•atch two different objectives ie: pollution 
abate•ent and energy recovery. 
This 11 the context that induced ZANINI to 19ree 
with the belgian co•pany ARBJOS BA to tran~fer 
their bio•ethanation technology and develop it in 
Brazil. 
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DIFFICULTIES: 

The •ain difficulty encountered by ZANINI is to 
obtain an opportunity to build up an industrial 
bio•ethanation de•onstration plant in Brazil. This 
is a typical difficulty for that kind of 
invest•ents for the evaluation of their 
feasibility and the assess•ent of their 
profitability greatly depend on •hether one 
considers a purely financial point of vie• or an 
econoaic point of vie•. Their financial returns, 
indeed, can often be aeasured only in ter•s of 
benefits such as pollution abate•ent and resource 
recycling, and therefore assu•e real significance 
only if heavy penalties are i•posed for 
non-coapliance of anti-pollution laws. But ZANINI 
has also to co•bat an existing reluctance of the 
industrial coaaunity in Brazil against the 
bioaethanation technology •hich is based on 
previous experiences conducted by ZANINI'~ 

co•petitors •ho failed to aeet the expected 
technological perforaances. 

STUDY AVAILABLE: 

Since january 1986 ZANINI have prepared •any 
studies and proposals to private and public 
co•panies to buid up bioaethanation plant. A•ong 
the• three are particularly interesting an1 being 
further discussed; it concerns a bre•ery, a cognac 
distillery and a sugar cane alcohol distillery. 
They all have as a •ain conclusion that to 
de•onstrate both the technological and econoaic 
feaseability one should aobilize state resources 
to assist in the financing of the investaents. 

RECO""ENDATIONS: 

al Request for Technical Assistance fro• UNIDO 
through UNDP local office outlining the 
type of assistance required. 

bl Subait the investaent proposal to the UNIDO 
Invest•ent Co-operative Progra••e for further 
proaotion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Millia•s 
Industrial Develop•ent Officer, Cheaical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDO, P.O.BOX 300, 
A-1400 Vienna, Austria, Tel.:(0222126313956, 
Telex : 135612. 
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82!! 2f fy~!if ~Y!bgt!!i!! i~ !b! ~Yff!!!fY! !!ll!!!~!!!i2~ gf 
li2!!!b!!!!i99 i !b! !!!!I!! 2! !b! ~i~i!!tJ 9! ~!!t9J 2f '!t!!~! !~~ 
i!! ~g:gl!t!!!g~ !i!b f!!9iY!~ ~bi!! !~~ ~!!! §!t!!!J : 
by V. Baratakan•a, ftinistry of Public Marks, Energy and "ines, DirEc­
tion 6fnfrale de l'Energie, Buju•bura, Burundi. 

Burundi is an enclaved country. Its potential in hydro­
energy is i•pcrtant but li•1ted to urban centers for the 
ti•e being. Consequently the fuel•ood consu•ption is still 
excessive. Therefore the "inistry of Energy has set up a new 
depart•ent •ith the overall responsability for the populari­
zation of ne• sources of energy. The selected fields of 
investigation are : biogas, solar energy, turf and saving in 
fuelwood by reforestation ar.d stove efficiency i•prove•ent. 
The biogas progra••e started because of the following : 
li) it was felt necessary to train staff people and to 
establish an inventory of the biodegradable bioaass in 
Burundt-, (ii> a largely scattered habitat that coaplicates 
both the coll~ction of doaestic waste and the distribution 
of gas, (iiiJ the existence of large coaaunities like 
~chools, hospitals, etc ••• and (iv> the fact that the Tanga­
ny~a lake was aore and aore used as a duaping area for the 
•astes of the agro-industrial industry. Three co-operation 
prograaaes were started. 

Fro• Belgiu• a funding by BADC allowed to set up a de­
aonstration center and laboratory to pro•ote the research on 
bio•ethanatio", to train personnel and perait the scientific 
and technical follow-u~ of bioaethanation projects. 

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

Finally the disseaination of the technology is ·ainly rea­
lized through a prograaae funded by Mest &eraany : it con­
sists aainly in training peasants via local training cen­
ters. The construction of biodigesters is proaoted thanks to 
a credit syste• to individuals and/or local coaaunities that 
allows very flexible and adapted reiaburseaent procedures. 
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PRESENTED BY : Hr VENANT BARATAKA"NA 
nanager Biagas Departaent 
"inistry of Public Norks,Energy ' "ines 
Direction G~nfrale Energie 
8.P. 745 
BUJU"BURA - BURUNDI 
TEL : 26579 TX 5048 

DESCRIPTION : 

Biogas Production in the Bujuabura Slaughter House 

A saall pilot plant (funded by the Belgian 
&overnaent> already exists. Further develop•ent 
envisaged is the production of stea• f~r the 
slaughter-house and of dried soil conditioner. 

LOCATION: Abattoir National de BUJU"BURA 
BUJU"BURA - BURUNDI 

ORl&INE OF RESIDUES: 

DETAILS: 

The national slaughter-house of Buju•bura treats 
an average annual quantity of 120,000 head of 
cattle. This represents an annual quantity of 450 
tons of solid residue (121 of dried organic 
aaterial> and l,800 a3 of liquid residue with a 
COD of 30,000ag. Today the liquid residues are 
drained off throu9h the aunicipal sewage network 
and the solid wastes are left in the open air for 
decoapos1t1on. 

As far as biomethanation is concerned Burundi sets 
t~e priority in the develop•~nt of the doaestic 
use of bicgas, the aain reason being the scarcity 
of the available resources. The construction of an 
industrial bioaethanation plant such as the one 
suggested for the Bujuabura slaughter-house, could 
only be possible if a special technical assistance 
prograaae is tailor-aade. 
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DIFFICULTIES: 

Surh a technical assistance progra••e should 
co•prise the finance of the feasibi!ity study, of 
the process design and engineering studies and the 
construction of the plant. 

STUDY AVAILABLE: 

No study available yet. 

RECOft"ENDATIONS: 

a> Request for Technical Assistance fro• UNIDO 
through UNDP local office nutlining the 
type of assistance required. 

bJ Subait the invest•ent proposal to the UNIDO 
Invest•ent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Nilliaas 
Industrial Develop•ent Officer, Cheaical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDO, P.O.BOI 300, 
A-1400 Vienna, Austria, Tel.:(0222>26313956, 
Telex : 135612. 



~ r!~i!! gf Y!i!i~!!ign !n~ ~!in ~rg~!!!~ !~9Y! ~i9!!!b!~!!ign 
!r9! ~grg=in~Y~!ri!! r!~i~Y!~ in ~b!n! : by Liang He, ftinistry of 
Agriculture and Ani•al Husbandry, Bureau of Rural Energy and Environ­
•ental Protection, Beijing, China. 

By the end of 1985 biogas digesters •ere used in 5 aillions 
households in the rural areas of China. At present, biogas 
is extending fro• rural areas to the cities. AlrP3dy 19,000 
large and •idiua size digesters have been built in livestock 
faras, distilleries, slaughterhouses and food processing 
factories. The biogas produced is used for the industries 
o•n consu•ption but it is also transported as fuel to 20,060 
households. The aain designs used are the hydrau!ic and plug 
flow designs. Other •ore advanced designs are beginning to 
be adopted such as upflo• anaerobic sludge bed reactors and 
anaerobic filters. 

The •ain reasons for the actual state of develop•ent of 
bio•ethanation in China are : (i) the proaotion ~f the 
technology by the Chinese &overn•ent who helped biogas deve­
lopaent by offering good conditions for aanpower, aaterial 
and finance; <ii> the establish•ent of special agencies to 
do t~e training of person&el, research, execution and diffu­
sion of progra••es, aanufacturing of biogas tools and equi­
oaent; (iii> the establishment of technical regulations and 
standards for quality control; (iv> the establishaent of 
heavy penalties on pollution. 

Develop•ent of the technology any•ay reaains the tey proble• 
for the further develop•ent of bioaethanation. 
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PRESENTED a·, : "r HE LIAN& 
Engineer 
Rinistry of Agriculture,Ani•al Husbandry • Fishery 
Rur~l Energy • Environ•ental Protection Bureau 
Hepingli 
BEIJIN& - CHINA 
TEL : 463652 Tl 22233 

DESCRIPTION : 

The CoHunity Biagas :·hnt i• Nort:i ~hiu lural Area 

Dewelopaent of a new desitn •f bioditesters in 
stoct-faraing : a first 10-3 pilot plant, designed 
by the Beijing Solar and lio•ass Research 
Institute, is in operation. A larger digester 
C206•3' is bein9 designed but requires 
engineering assistaace. 

LOCATION: Beijing East Suburbs Far• 
Airport road, Beijing. 

ORl&INE OF RESIDUES: 

DETAILS: 

The stock-far•, •here the first 10•3 pilot pl•nt 
was installed, contains 4,500 pigs and produces 
annually about 3,000 tons of diluted •anure •ith a 
concentration of 3-41 of dried organic •aterial. 
One could also consider about 1,500 tons of 
poultry •anure produced annually. 

The 8ei1ing Solar and Bio•ass Research Institute 
has been given an assistance fro• the "inistry of 
Agriculture, Ani•al Husbandry • Fishery, to 
develop a bio•ethanation process for large 
stock-far•s. The above •entioned 10•3 installation 
is the first step of develop•ent : the •anure is 
pu•p•d fro• the •anure stor•ge t•nt to the 
pre-heating tank •here it is •ixed 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 dige1tion the residues 
art used •s direct ~preading. Fro• January to 
"arch 1986 thil pilot plant •as con1tantly 
followed up by a scientific tea• of the Beijing 
Solar and Bio•ass Research Institute. Based on the 
obtained results the Institute is planning to 
construct an industrial de•ontration digester 
(200•3> next to the first one. 
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DIFFICULTIES: 

The difficulties are •ainly : 

I proress ~esign, en~ineering and technique 
Research •orks are still necessary in the 

pretreat•ent of the •anure, opti•ization of the 
energy production and control of the overall 
syste•. 

Besides the lnsiitute wishes to acquire •ore 
advanced technology fro• foreign countries 
on various topics like the dry fer•entation, the 
t•o separated phases digestion syst~•, the 
design of biogas transportation and storage 
e~uip•ent, etc ••• 

Cert~in equipaent are not available in China 
surh as gas co•pressor, ph-sensor, puap for thick 
•aterial, etc ••• 

I econo•ic : 
Based on the energy produced, the econoaic 

benefits are not so good; the construction cost 
should be reduced. 

I training : 
The persons involved in the process design 

should be trained. 
I finance : 
Alt~ough the project see•s to be •ell 

supported by the ninistry of Agriculture, external 
assistance is required to finance iaported 
equip•E-nt. . 

STUDY AVAILABLE: 

The seai-phase separated digestion of pig •anure, 
Li Mei.ei, 1986. 
The balance of energy for •esophilic digestion, 
Jiang Xinian, 1985. 

Their conclusions are that solar energy and the 
use of the exhaust heat •ay greatly reduced the 
energy requireaent in aesophilic digestion and 
that the se•i-phase separated digestion is better 
than the co•pletely •ixed digestion. 

RECDn"ENDATIONS: 

a> Request for Technical Assistance fro• UNIDO 
through UNDP local office outJining the 
type of assistance required. 

b> Sub•it the investaent proposal to the UNIDO 
Invest•ent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is ~o be returned to R.O. Willia•• 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IDTD, Depart•ent of Indus­
trial Operations, UNIDO, P.0.801 300, 
A-1400 Vienna, Austria, Tel.: <0222>26313956, 
Telex: 135612. 



page 15 

~!Q!!!b!~!!ign gf !n~~~!ri!! ~!!!~!~!~ fgr ~~!r9~ ~!~Q~!rr in 
~bin! by Yi Yong Nang, "inistry of light Industry, Beijing, China. 

China has got large a•ounts of effluents containing high 
organic loads. It is payi~g special attention to intensify 
the process of bio•ethanation to increase the biogas produc­
tion per.unit of reactor volu•e and to increase the reduc­
tion of pollution. 

For exa•ple, the pulp industry working with straw as raw 
caterial and soda or li•e as cooking •aterial 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 
waste 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 
fro• a citric acid industry and 2 plants fed with effluents 
of alcohol distilleries. Bio•ethanation of waste liquor fro• 
pulp processing by li•e has been studied on the laboratory 
scale and 791 COD re•oving has been obtained. A UASB pilot 
plant of 24 •3 fed with filtrated residual liquor of distil­
lery produces 5 •3 per •3 digester and per day with a COD 
~e•oval of 93t. 

Until now the extension of bio•ethanation of industrial 
effluents has been li•ited because their COD content ef­
fluents is still beyond the effluent discharge standards. 
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PRESENTED BY : ftr NRH6 Yl-YCN& 
Director 
ftinistry of Ligat Industry, Scientific Ad•. Office 
Environ•ental Protection Institute 
3 Fucheng Road 
BEIJIN& - CHINA 
TEL : 894402 Tl i2465 

DESCRIPTION : 

Bio•ethanation of Residual Liquor in Alcohol Distillery 
and in Sulfate Pulp ftill 

The Belgian &overn•ent is currently assisting this 
fti~istry for the feasibility studies of t•o 
invest•ent proposals in the agro-industrial sector 
naaely : the treat•ent of the residues fro• the 
NUHU PAPER BOARD ftlll and froa the JINAN ALCOHOL 
DISTILLERY •ith the ai• to eventually transfer the 
belgian technology into China. 

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

ORl61NE OF RESIDUES: 

DETAILS: 

<a> NUHU PAPER BOARD "ILL 
The aill produces 37,000 tons of se•i-che•ical 
pulp for the aaking of pa~er board. It is obtained 
fro• rice straN digested in eight 40•3 digesters 
and •1xed •ith 701 of CaO. The spEcification of 
the pulping waste liquor (or black liquor> are : 
COD of 79,000 •g/l, BOD of 28,000 •g/l, ph = JO 
and SS = 200 •g/l. 
The daily production of black liquor is 
approxi•ately 430 •3. 

<b> JINAN ALCOHOL DISTILLERY 
It is a sNeet potato alcohol plant Nith an annual 
capacity of 30,000 tons of alcohol. It is obtained 
fro• cooked sNeet potatoes, •hich after cooling 
are then saccarified by addition of yeast. The 
fer•ented liquor is then distilled to produce a 
951 alcohol lby volu•e>. The residual liquor fro• 
the distillation is filtrated to separate 
the suspended solid substance Nhich is used as 
fodder in the nearby far•s. It• specification are 
: COD of 25,000 ag/l, BOD of 14,000 eg/l and ph • 
4. 

Both the effluents fro• the Nuhu Paper "ill and 
the Jinan Alcohol Distillery reaain untreated. 
Because of their high content of organic aatter, 
they exceed the standards i•posed to the local 
effluent ~ischarges. Through the anaerobic 
fer•entation technology the "inistry intends to 
reduce the BOD to IOt of the original figures. 
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DIFFICULTIES: 

T~e above invest•ent ~roposals are in fact 
considered by the "inistry as two test cases •here 
the prPposed belgian technology is to be 
de•onstrated and evaluated. 

Belgiu• and Chi9a are now negotiating the 
conditions of their coope~ation. The aain topics 
under discussior. are : the finance, the training 
of the personnel and the joint iapleaentation of 
the process design and the construction. 

STUDY AVAILABLE: 

The technical feasibility studies are co•pleted 
and concluded that the invest•ent are technically 
feasible. 

RECO""ENDATIONS: 

a> Request for Technical Assistance fro• UNIDO 
through UNDP local ~rT1ce outlining the 
type of assist3nce required. 

b) Sub•it the investaent proposal to the UNIDO 
Investaent Co-operative Progr.a••e for further 
pro•ohon. 
The industrial :~vestaent questionnaire, duly 
filled in, is to be returned to R.O. Nillia•s 
Industrial Develop•ent Of4icer, Che•ical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNJDO, P.0.801 300, 
A-140~ Vienna, Austria, Tel.:(0222>26313956, 
Telex : 135612. 
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@ig!!!b!~!!ig~ !~ §!J!~! ! Hi!!grr gf i!! P!!!!g~!!~! : 
by U. Bhi•sen, Institute of Applied Science and Technology, 
6eorgetown, 6uyana. 

Guyana initial interest in biogas dates back to 1~~1 when 
the National Science Research Council received a directive 
fro• the Office of the Pri•e "inister to pursue studies in 
this field. In 1980 the Guyana National Energy Authority and 
the Institute of Applied S~ience and Technology (IASiJ con­
structed 8 fa•ily digesters with sponsorship and supervision 
fro• the Latin··A•erican Energy Organisation (0LADE>. This 
progra••e suffered serious set-backs and collapsed in 1983 
pri•arily because of the high costs of the construction 
•aterials and the lack of trained personnel to •anage and 
operate the syste•. 

In 1985 a bilateral agree•ent "ith China led to the cons­
truction of 6 digesters, the training of 15 persons in 
biogas construction techniques and of another 30 persons in 
operation and •anage•ent techniques. This agree•ent, toge­
ther with a co•ple•entary UNU (United Nations University> 
progra••e led to a total of 21 operational digesters. The 
chinese design was chosen because of the availability and 
the low costs of the construction •aterials. 

In the future the e•phasis will be given to the davelop•ent 
of •ediu• size, industrial or co••ercial digesters. Opportu­
nities exist in the large livestock far•s away fro• national 
energy supply, in the national distilleries producing a 
total of 469 •3/year of spent lees, and for the bio•ethana­
ti on of the aquatic weeds inf~sting the water ways. For this 
further develop•ent of bio•ethanation Guyana will have to 
rely on international and regional financial assistance. 
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PRESENTED DY : ftr UKARRAN BHlftSEN 
Di recto~ 

DESCRIPTION 

Institute of Applied Science • Technolog~ 
Alternate Energy Progra••e 
University Ca•pus, Turkeyen, P.0.801 10.1050 
SEOR&ETOllN - &llYANA 
TEL : 65072 Tl : 3049 

Utilization of Biogas Technology to cover the energy 
needs of an integrated far• 

Construction of an industrial bio•ethanation 
prototype to satisfy the total energy needs of a 
relaciveley •~dern up-to date stockfar•ing 
enterprise of 3,300 pigs •ith co•s, sheeps and 
poultry. 

LOCATION: Alliance Pig l Poultry Far• 
Coverden, East Bank De•erara, Suyana 

ORl&INE OF RESIDUES: 

DETAILS: 

Fresh pig and co• dung fro• the stockfar• <l,000 
tons/year>. 
No treat•ent is being done other than soak-a•ay 
pi ts. 

The •ain objective in the establish•ent of the 
prototype is to de•onstrate that bio-energy is a 
practical and viable alternative to expensive 
fossil fuels •hich is difficult for •ost of the 
non-oil-producing countries to obtain. The 
integrated far• •ill de•onstrate sanitation and 
erosion control and will turn hitherto haraful 
•astes into useful food for both plants and 
aniaal s. 

The opportunity •ill be taken to utilize bi:gas to 
satisfy the total energy needs ot a relativeley 
•odern up-to-date far• 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 i•ported 
che•ical fertilizer. 

: I 
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DIFFICULTIES: 

The project proposal is since januar7 1986 
subaitted 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 project, 
process design, engineering and technical 
assistance as Mell as training of the personnel. 

&uyana has recently experienced a disappointing 
situation •hereby a developaent project in the 
field of neM and reMable energy, 
financed and super¥ised by an international 
cooperation agency, co•pletely failed to produce 
its expected technical and econoaical benefits. 
Hence the Authorities are no• insisting on ~ery 
strict and severe inspection on any iaporled 
foreign contribution to develop•ent ~rojects. 

STUDY AVAILABLE: 

Project proposal subaitted to the United Nations 
University in january 1986. 

RECO""ENDATIONS: 

a> Request for Technical Assistance fro• UNIDO 
t~rough UNDP local office outlining the 
type of assistance required. 

b> Sub•it the i~vestaent proposal to the UNIDO 
Invest•ent Co-opErative Progra••e for further 
pro•otion. 
The ;ndustrial invest•ent questionnaire, duly 
filled in, is to be rP.turned to R.O. Nillia•s 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDO, P.0.BOX 300, 
A-1400 Vienna,· Austria, Tel.:(0222126313956, 
Telex : L35612. 
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~!~!Y~ ~! ~i~!~!~~~~!i~n P!!!!~!!!n! in ln~i~ : by B.P. &UPTA, 
"adhya Pradesh Urjl Vikas Niga• Ltd, Bhopal, India. 

There are •ore than 142 distilleries in India. Alcohol 
production fro• •olasses generates 14 to IS l of effluent 
per litre of alcohol. This •eans a production of 12,000 
•illions litres of effluent per year with a biogas potenti~l 
of 22 to 30 litre per litre of effluent. 

There are three •ethods to treat the5e effluents: <i> anae­
robic digestion with biogas recovery followed by biological 
aeration to •eet the depollution r~quire•ents; (ii> concen­
tration and incineration to recover potass ani stea•; Ciii> 
anaerob;c fer•entation in open lagoons followed by biologi­
cal aeration. 
unly four disti!l~ries produce biogas fro• their effluents 
whic~ is used to ~eplace coal. The a•biant te•perature of 
India, around 3oec, allows reduction of heating costs. The 
biogas plants have been built by "esas Asoap Organics Ltd 
which posses~es 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 develop•ent of bio•ethanation are pro­
vided in the for• of ediction of pollution control laws, 33% 
subsidies on instru•ental costs, special ref 1nance and dis­
counting sche•es given by the Industrial Develop•ent Bank. 

Other bio•ethanation plants are working on sewage wastes or 
garbage wastes. The biogas produced is used in individual 
households or for electricity generation. "ore than 200 
co••unity or institutional biogas plants of 35 to 140 •3 and 
•ore than 0.2 •illion fa•ily type plants of 1 to 15 •3 are 
working on ani•al •astes. 



.................................. --------------------~~~~~~~-----

INVEST"ENT PROPOSAL FRO" : INDIA 20 

PRESENTED BY : "r BHAMANI PRASAD 6UPTA 
Technical Manager 
Madhya Pradesh Urja Vikas Niga• Ltd. 
Block-'B' 6.T.B. Co•plex 
T.T. Nagar 
BHOPAL-462003 - INDIA 
TEL : 68122 TX 0 

DESCRIPTION : 

Installation of Biogas Plants at Ja•ahar Lal Nehru 
Agriculture University 

To •ake best use of the residues available in the 
Ja•aharlal Nehru Agriculture University, to 
provide fuel gas to 330 faailies residing in the 
caapus and to create basic facilities for 
education and research on bioaethanation 
technology in the University. 

LOCATION: Ja•ahar Lal Nehru Agriculture University 
Krishi Nagar 1 Adhartal 1 JABALPUR-482004 INDIA 

ORIGINE OF RESIDUES: 

DETA!LS: 

The University is equipped ~ith a stockfar•ing 
installation for educational purposes. It contains 
about 2,000 head of cattle <bovines, pigs and 
poultry> producing •ore than 4,800 tons of dung or 
dropping per year. Tl:e residues are du•ped in pits 
to convert it into •anure but the •anure so 
produced is not rich as coapared to the •anure 
produced through bio•ethanation of the residues. 
So•eti•es it •ay also not be fully digested. 

Keeping this in aind a proposal •as prepared <i> 
to •ake best use of the residues available, (ii) 
to provide fuel gas to 330 faailies residing in 
the ca•pus and (iii> to create basic facilities 
for education and research on bioaethanation 
technology in the University. It is planned to 
construct 7 digesters •ith a voluae of 85a3. 
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DIF~ICUL TIES: 

Difficulties e~count~rei in t~e ~e.ilizat10~ of the 
project are : lil proces~ ~es1~n .ind engineering 
of the huge gas holders <ii) the huge quantity of 
input Nhich is required f~r initial feeding and 
Nhich is not •ade available by the beneficiaries 
of the in•es~aent and (iii) t~e non-availability 
of proper infrastructure such as roads at 
site/village in so•e o{ the cases. 

STUDY AVAILABLE: 

The Energy Developaent Corporation have 
cG••issioned 26 proj~~ts i~ Lhe Stae of "adhya 
Pradesh frca 19R4 to june ~966. 

RECO""ENDATIONS: 

a> Request for Technical Assistance fro• UNIDO 
through UNDP local office outlining the 
type of assistance required. 

b> Sub•it the invest•ent proposal to the UNIDO 
lnvest•ent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is t~ be returned to R.O. Millia•s 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IOTD, Deparhent o·f Indus­
trial Operations, UNIDO, P.O.BOX 300, 
A-1400 Vienna, Austria, Tel.:<0222>26313956, 
Telex : 135612. 
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!! ~!!!!9 ~!!!!! !!!~ !!!!!9! !9 rg!!i!fi!! ~!~!!~ : by lgn 6de 
Paeayun, Directorate &eneral of Electric Po•er, ~eparteent of "ines 
and Energy, Jatarta, Indonesia. 

In Indonesia forest bioeass represents 217 •illion tons, 
agricultu~•l •astes 29.5 •illion tons and ani•al dung 114 
•illion tons pEr yPar. Hundred digesters have already been 
uuilt on an1aal dung. 

In a co••or. pale oil industry 400 tons of fresh fruit bun­
ches are processed each day. The •astes resulting fro• this 
processing represents 641 of the •eight of the fresh fruit. 
They are e•pty bunches, fibres and shells, usually burned to 
produce the stea• needed in the processing, and sludge 
•aters, usually discharged in rivers. 

In such a pal• oil industry a biogas plant of 4 x 400•~ 
capacity treating all the residues •ould produce 24,000•3 of 
biogas per day or 30"•h. If the production of fertilizer (40 
t/d) is included in the rentability study, the pay-back ti•e 
is estiaated to be 9 years and the unit cost 0.06 SU~ per 
k•h. 



INVESTRENT PROPOSAL FROft : INDONESIA 

PRESENTED BY : 

Directorate Seneral of Electric Po•er l Ne• Enerqy 
Jin H.R. Rasuna Said, Block 1-2, Kav. 7-9 
Kuningan 
JAKARTA - INDONESIA 
TEL : 5160~6 Tl 62319 

DESCRIPTION : 

Biagas Di~ester for Pal• Oil Rill Mastes in Gunung 
Reliau, Mesr Kali•antan 

Necessity to decrease the cost of electricity at 
the pal• oil •ill and to reduce the pollution in a 
rural environ•ent. 

LOCATION: Pal• Oil "ill of Gunung "elian 
Gunung ftelian, Mest Kali•antan. 

ORIGINE OF RESIDUES: 

DETAILS: 

The annual •ill capacity represents 20,000 tons of 
pal• oil. The residues are currently burned, or 
thro•n into the river or used as landfill. A part 
of the •aste is presently burned in a boiler to 
produce process heat and stea• to run a generator 
for the oil •ill. 
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DIFFICULTi~S: 

~ pre~eas!~1lity stud~ •as ~r~~·~ea Dy CE~EN in 
association with E/~i F~t~re Pesou~ces Associates 
Inc. P.T. Mid~a Pertiwi Engineering. There is no 
particular difficulty encountered except the 
finance both in l~cal and foreign currency. The 
sponsors of the invest~~nt proposal are ready to 
investigate counter-trading techniques to finance 
the project as •ell as to jaint-venture •ith a 
foreign partner. Transfer of technology is being 
seeked alsG. 

STUDY AVAILABLE: 

see ~b~ve. 

a) Requ~st for Technical Assistance.fro• UNIDO 
through UNDP local office outlining the 
type of assistance required. 

b) Sub•it the invest•ent proposal to the UNIDO 
lnvest•ent Co-operative Prograa•e for further 
pro•ot1on. 
The industrial investaent questionnaire, duly 
filled in, is to be returned to R.O. Milliaas 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDD, P.O.BOI 300, 
A-1400 Vienna, Austria, Tel.:(0222)26313956, 
Tele~ : 135612. 
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~!!!!!~!~!!!!! !! e!~!!!!J : by L.ft. Sa•aniego, University of 
Asuncion, F•cul~y of Che•ical Sciences, Asuncion, Par•gu•y. 

P•raguay does not produce oil, co•l or n•tural gas. It 
produces electricit) •t the Itaipu D•• but the high costs of 
electricity distribution prohibit its use jn the •hole coun­
try. Thus non convention•! solutions for energy are looted 
for. 

Ten digesters have already been built in Paraguay, of •hich 
9 are in ope;·•tion, 6 are of the indian design Hd t•o ue 
of the chinese design. Cattle •anure is the •ost co••on 
substrate. Biagas appliances are l••ps, stove burners, re­
frigerators and electric generators. 

The Faculty of Che•ical Science, University of Asuncion, is 
developing a bio•ass energy project funded by UNIDO. Its ai• 
is, firstly to experi•ent biogas production on a pilot scale 
and, secondly to start the diffusion of the technology in 
rural areas •ith the help of a govern•ental institution, The 
Cattle Raising Fund that •ill select the far•ers. 
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PRESENiED BY : hs L.ft.SA"ANIE60 DE BOJANOVICH 
Research staff aeaber 
University of Asuncion 
Faculty of Cheaical Sciences 
SAN LORENZO 
PARA&UAY 
TEL : 500363 Tl 0 

DESCRIPTION : 

Technology Developaent for the Use of Bioaass Energy 

In 1983 UNDP/UNIDD funded a project to proaote 
bioaass energy in Paraguay. This ongoing project 
is coordinated by fts Saaaniego. It covers training 
and disseaination of design, engineering and 
construction of saall pilot plants in Paraguay. 

LOCATION: Cheaical Engineering Departaent 
Facultad de Ciencias Uuiaicas, San Lorenzo. 

DRI&INE OF RESIDUES: 

DETAILS: 

The project funded by UNDP/UNIDO coaprises the 
following stages : (i) collection of inforaation 
on previous experiaent in both private and public 
institutions in Paraguay and the evaluation 
thereof, <ii) •arket study of the potential 
utilization of the bio•ass in Paraguay, liii> 
evaluation of the national experience in process 
design, engineering and construction of basic 
equipaent and coaparison with the experience of 
neighbouring countries, (iv> for•ulation, 
i•ple•entation and evaluation of an investigation 
progra••e on the perfo•ances of the said basic 
equipaent in function of the aaterial used and (y) 

finally the process design, the engineering and 
the construction of a prototype in Paraguay. 
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DIFFICULTIES: 

The faculty cf Che•ica! Sc:e~:es Mishes to develop 
a cooperation with otne~ R~D Institutions, and 
aore specifically fro• 8e~gi~•, to further pro•ote 
bioaass utilization in Piraguay. Assistance in th~ 
field of process design & En§ineering is 
particularly required r.! ~ell as training of R&D 
personnel. 

STUDY AVAILABLE: 

a) Reque;t for Technical ~;sist3nce froa UNIDO 
throu~h UNDP local office outlining the 
type of assistance required. _ 

b) Sub•it the invest•ent proposal to the UNIDO 
Investcent Co-operative Progra••e for further 
proaotion. 
The ir.dustrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Willia•s 
Industrial Developaent Officer, Cheaical In­
dustries Branch, IOTD, Departaent of Indus­
trial Operations, UNIDO, P.0.801 300, 
A-1400 Vienna, Austria, Tel.:10222)26313956, 
Telex : 1~5612. 
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~!!!~~ 2! li2!!!~!~!!!2~ 1!!!!2~!!~! !~ !~! ~~!!!~~!~!~ by 
P.F. Ventura, Central Azucarera de Tar!ac SA, "etro "anila, 
Philippines. 

T•o •ajor agro-industrial entities have co••ercialized the 
bio•ethanation technology in the Phili?pines : the "aya Far• 
and the Central Azucarera de Tarlac. 

The "aya Far• produces biogas fro• the •anure of 25,000 
pigs. The reactors are of the batch type. The gas production 
is used for electricity generation, •ater pu•ping and hea­
ting, solid •aste drying, etc ••• 

The Central Azucarera de Tarlac produces biogas fro• distil­
lery slops and filter cake. The principle of the treat•ent 
is decantation follo•ed by ther•ophilic anaerobic digestion, 
lagooning •ith and •ithout aeration and finally, irrigation 
of the sugar cane fields •it~ the final liquid effluent. The 
pollution load of the influent is reduced by BOl after 
anaerobic digestion and by 99% at the end of the treat•ent. 
The bioqas 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 ra• slc~s per day and 42 sugar factories 
producing 3,150 tons of filter cake per day. This •eans a 
biogas potential equivalent to 80 •illion litres of bunker 
oil per year. 
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PRESENTED BY : "r PEDRO VENTURA 
Chief fticrobiologist 
CENTRAL AZUCAffERA DE TARLAC SA 
Head Office,JCS Building 
119 De La Rosa Car.Alvarado street,legaspi Village 
"AKATI, ftETRO "ANILA 
TEL : 8183911 Tl : 0 

DESCRIPTION : 

Extension of the existing 1600•3 digestion unit of 
CENTRAL AZUCARERA DE TARLAC 

This private co•pany develops bio•ethanation 
technology since 1973. The existing unit produces 
121 of the total energy need of the sugar factory 
and the distillery of Tarlac. The co•pany plans to 
increase its capacity to 601 of the total energy 
need of the plant and to integrate the use of 
anaerobic digestion for sanitation/waste 
treat•ent, energy production and co•plete nutrient 
recycling. 

LOCATION: San ftiguel 1 Tarlac 
Philippines 

ORIGINE OF RESIDUES: 

CETAILS: 

The CENTRAL AZUCARERA DE TARLAC co•prises a raw 
sugar •anufacturing plant (capacity of 7,000 tons 
cane/day>, a sugar refinery (capacity of 6,000 
bag/day at SOkg/bagl and an alcohol distillery 
with a capacity of 4S,OOO litre/day. The total 
quantity of by-products (filter cake, distillery 
slops and clarified •udl produced in a year at 
Tarlac represents a aini•u• biogas potential of 
7,600 aio •3 per year. 

The existing bioaethanation installation at the 
CENTRAL AZCARERA DE TARLAC treats the distillery 
slops only. The aethod consists of four treat•ent 
stages naaely Cil the recovery of yeast and other 
gra~ity solids, !iii anaerobic digestion, (iiil 
aerobic facultative lagooning and (ivl final 
stabilization and dilution. 
The process is covered by letters of patent fro• 
the Phil1pine Patent Office and international 
patents have been filed in 1984. 
At the saae period the co•pany has established 
that, based on the capacity of the biogas plant 
processing 201 of ~he total distillery 1lop1 
discharged per day~ the savings due to the diesel 
fuel and bunker oir that is displaced by biogas 
represent aore than 41% of the initial cash 
outlay, corr11pondfn9 to a pay out ti•• of 2.44 
years. I 



DIFFICUL TiES: 

The co11;:ur. 1 1~ r.~" •.: 1!:1.; t!: erter-d the eusting 
installation to cover •or~ t~an 601 of its energy 
requ1re•ent as •ell as t~ 'urther develop 
sanitation:•aste t~eat•e~t •dd nutrient recycling. 
But they see• to face f1nancia! bottle-neck and 
•ish to associate ~ith ~ f?reign partner •ho could 
provide fi~ance and ~quip•ent not available in 
the Phil1ppir.es. 

STUDY AVAILABLE: 

RECO""ENilATIONS: 

•> Request for Techn1cai Assistance fro• UNIDO 
through UNDP local oif1ce outlining tne 
type of assistance required. 

b> Sub•it the 1nvest•ent proposal to the UNIDO 
Investaent Co-operative Prograaae for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Willia•s 
Industrial Develop•ent Officer, Cheaical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDO, P.O.BOX 300, 
A-1400 Vienna, Austria, Tel.:(0222>26313956, 
Telex : 135612. 
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Y~! 9! li9!!!~!~!!i9~ i~ !~! ~!!Y9~!!r~9Y~! 9! ~!~!r : by fta•adou 
Bianka, ftinistry of Industrial Develop•ent • Craft•anship, New & 
Renewable Energy Depart•ent, Dakar, Senegal. 

Every day •ore than 150 bovines, 460 sheep and 20 pigs are 
slaughtered at the Dakar •unicipal slaughterhouse. This 
corresponds to •ore than 130 •3/day of water-residue that 
has to be disposed off in the ocean. It co•prises •ainly 
stercoral •atters, •ashing water and greases i.e. organic 
•atters. 

Now energy require•ents in the slaughterhouse are •ainly of 
two types : electricity and heated water. Electricity is 
used to operate the refrigerating roo•s which represents 
llOkw and corresponds to a total =ost per year of 50 •il­
llions CFA. Very frequent break-downs of the electricity 
distribution syste• perturb the operation of the slaughter­
house. As far as the heated water is concerned t~e daily 
require•ents correspond only to 2 •3 at 85'C but, as it is 
heated.up with fuelwood (50kg/day> the annual cost of this 
a•ounts up to 450,000CFA. 

Hence based on a prefeasibility study executed on behalf of 
the ftinistry, tender docu•ents for a turn-key supply of a 
bio•ethanatior. plant have been prepared and flinding is being 
requested fro• various agencies. 
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PRESENTED BY : "r "A"ADOU DIANKA 
Depart•ent "anager 
"inist~y of Industrial 
Ne• & Rene•able Energy 
P.0.801 403? 
DAKAR - SENEGAL 
TEL : 215733 

Develop•ent • Craft•anshi? 
Depart•ent 

Tl 661 

DESCRIPTION : 

In~lallation of a Bio•ethanation Unit at 
the Slaughter-house of Dakar 

Turn-key supply of a co•plete bio•ethanation unit 
•ith a capacity of 500 •3/day of biogas (75% 
•ethane> and of 6 7 ton/day of co•post <25% 
dried •alter). The slaughter-house produces 10.2 
tons/day of solid residue and ll •3/day of •ater 
residue. 

LOCATION: Dakar slaughter-house 
Dakar, Senegal 

ORIGINE OF RESIDUES: 

DETAILS: 

see su••ary above 

The •ain co•ponents of the proposed project are : 
(i) a 500 a3 di9ester, Cii> upstrea• co•ponents 
sue~ as feeding tank, crusher, pu•ps. etc ••• Ciii) 
downstrea• co•ponents such as a solid/liquid 
~eparator to produce co•post, co•post storage 
facility and laboratory, Civ> the biogas netMork 
consisting of gas holder, safety instru•entation, 
co•pressor, and necessary piping works 
and,finally, Cv> three 40 kw gener~ting sets dual 
biogas/fuel with heat exchanger between exhaust 
gas and cooling water, electric distributiLn 
equip•ent, etc ••• 
A turn-key contract is being looked at provided 
finance could be arranged. 
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The aa1~ G1ff1cuity .s to ii~d~~~ the pro1ect. 
Nor•ally it should be i1nanced with the resources 
of the FONDS NATIO~AL &~ L·E~ERGIE generated by 
the taxes levied on tn~ ,cper-prof1ts of the 
National Oil Refinery lE~RI dn~ of the oil 
distribution c6mpanies d~ t~e tiae when 011 prices 
sky rocketed ~ Now that the resources of the fund 
are all spent up, the investnent proposal has been 
presented, in january 1986, to the AGENCE 
FRANCAISE POUR LA nAITRISE 0( L'ENERGIE !AF"E> and 
to the AGENCE POUR LA COuPERATION TECHNIQUE 
INDUSTRIE~LE ET ECONOKIQUE CACTIK> but •ithout 
positive reaction till now. During the 
Consultative Co••ittee "eeting in Belgiu•, the 
delegute froa 5~neyLl c~~,~~~~~ the desire to 
start negotiat10~ with the Govern•ent of Belgiue. 

The Senegal is ready to anoiyse the ~ossibility to 
finance the project through non conventional 
financing techniques like counter trading. 

STUDY AVAILABLE: 

A prefeasibility study and tender docu•ents for a 
turn-key supply have been prepared by the 
Kinistry. The conclusions see• very positive 
specially on the saving of hard currency and the 
pay-back tiae. 

RECOKHENDATIONS: 

al Request for Technical Assistance fro• UNIDO 
through UNDP local office outlining the 
type of assistance required. 

bl Submit the investment proposal to the UNIDO 
Investment Co-operative Progra••e for further 
pro•otion. 
The industrial investment questionnaire, duly 
filled in, is to be returned to R.O. Nillia•s 
Industrial Develop~ent Officer, Che•1cal In­
dustries Branch, IOTD, Depart•ent of Indus­
trial Operations, UNIDO, P.O.BOX 300 1 

A-1400 Vienna, Austria, Tel.:<0222>26313956, 
Telex : 135612. 
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~i2!~1~~n~!i2~ i~ ~Y~~n : by A.A'Hali• Elsheikh, ftinis+ry of 
Energy and ftining, National Energy Ad•in1stration <NEA>, Kh~-tou•, 
Sudan. 

Sudan is a•ong the aost iaportant producers of sesaae, 
arabic gua, ground nut and coton. Its ani•al production is 9 
•illion heads of CON5, sheeps and caaels. As far as energy 
is concerned, its forests produce 971 of the energy con­
su•ption of the country in the for• of fuel•ood and char­
coal. Oil and gas have been discovered but are not yet 
exploited. H~~~o-electricity is produced fro• the Nile for 
the cities. In 19&3 the •ajor sector of energy consu•ption 
•as the household sector. 

Agriculture residues and an1aal dung offer a real potential 
in biogas prod~ction as •ell as the residues of the 5 sugar 
industries and the aunicipal •aste •aters of Khartou•. The 5 
sugar industries produce 400,000 tons of sugar per year 
toge~her with 1,680,000 tons per year of •olasse and bagas­
se. Fro• a study of the NEA in the private and public sec­
tors it has been deduced that the •ost attractive biogas 
utilisations are power generation and charcoal substitution. 

In 1977 the Ger•an Co-o~eration Agency <GTZ> built the first 
digester fed •ith •ater-hyacinths fro• the Nile. In 1983 
t•elve other units were built •ostly of the indian type. The 
gas produced •as to be used in households for cooking and 
lighting purposes. 

work on the production of biogas fro• the effluents of 
ethanol fro• •olass has been confined to preli•inary data 
because of a Govern•ental Law prohibiting the production of 
alcohol in Sudan. The sewage waste water treat•ent plant of 
Khartoua is to be enlarged by 2 digesters of 1,500•3. The 
objective is depollution and production of electricity for 
the national grid. 
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PRESENTED BY : "r A" HALift A. ELSHEIKH 
Director 
"inistry of Energy • ftining 
National Energy Ad•inistration,New • Renew. Energy 
P.0.801 2649 
KHARTOU" - SUDAN 
TEL : 77209 T; 215 

DESCRIPTION : 

Sewage Waste Treat•ent Project 

Biogas production fro• the sewage sludge of the 
city of Khartou•. The present treat•ent consists 
of a sedi•entation, a trickling filtration and a 
drying in a sludge bed. A prefeasibility study was 
undertaken by a ger•an consultant 
(Ingenieurconsult, Hannover> that concludes to the 
necessity to undertake a detailed study before 
definite conclusions could be for•ulated. 

LOCATION: SeNage Treat•ent Plant 
Khartou• 

ORIGINE OF RESIDUES: 

DETAILS: 

see su••ary above. 

Khartoua city is highly populated since the last 
feN years •a1nly because of the draught and the 
desertification in Western Sudan. Consu•ption of 
fuelwood, charcoal and butane gas increases to the 
extend that the supply of these fuels beco•es an 
unbearable burden to the Nation. The sewage Naste 
disposal 1s co•posed of three stations outside the 
city, constructed in 1961 and now co•pletely 
outdated and overloaded. Hence the project ai•s at 
(i1 providing cheap and reliable household energy, 
(iil de•inishing the environ•ental pollution and 
!iii) relieving the country fro• i•porting fuel 
for household purposes. 



DIFFICULTIES: 

The first difficulty i~ to finance a co•prehensive 
feasibility study as reco••ended by the previous 
ger•an study. An a•ount eqai~alent to 65,000 D" is 
required. The Italian Govern•ent has been asked to 
fund it but Mithout definite reply till noM. 

STUDY AVAILABLE: 

Prefeasibility study undertaken by 
INGENIEURCONSULT 6"BH, Hannover in 1984. 

RECO""ENDATIDNS: 

a> Request for Technical Assistance fro• UNIDO 
through UNDP local office outlining the 
type of assistance required. 

b> Sub•it the invest•ent proposal to the UNIDO 
Inve&t•ent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.D. Willia•s 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IOTD, Depart•ent of lndus­
tri al Operations, UNIDO, P.O.BOX 300, 
A-1400 Vienna, Austria, Tel.:(0222>26313956, 
Telex : 135612. 



~!!!~~ g! P!Y!!2~!!~! gf li2!!!~!~~!ig~ i~ !!!~!~!! : 
by C.E. Chi•o•be, ninistry of Energy, Mater Resources and Develop•ent, 
Ne• and Renewable Sources of Energy <NRSE), Harare, Zi•bab•e. 

l•o •ain progra••es have been developed in Zi•bab•e. One for 
the develop•ent of biogas in the individual household level, 
•ith the i•pie•entation of 40 biogas digesters so far and 
the other for institutional users like schools and rural 
co••unity centers •here 10 digesters have already been 
built. The funding of the digesters is provided by the users 
the•selves •hile the 6overn•ent provides for technical ad­
vices. 

The villages are not yet convinced that the biogas is the 
anns•er to fuelwood shortage. Thus the ti•e spent in collec­
ting the feed stock for the biogas digester is considered 
unprofitable. noreover there exists a problea of biogas 
storage. 

Four projects of biogas developaent are considered : (ii a 
biogas proaoter funded by UNDP will work in rural areas froa 
village to village to infora leaders and teach the people to 
build digesters and use biogas; \ii) rural insettle•ent 
scheaes basec on dairy faraing are planned to integrate 
biogas production; (iii> coaaercial faraers will get techni­
cal advices to build biogas digesters for their workers and 
Civl finally two industries have been identified as candi­
dates for bioaethanat1on projects. One is a food processing 
coapany which produces 36 t/aonth of coffee bean residues, 
and the other is a brewery which produces 50 t/aonth of beer 
dregs. 
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PRESENTED BY : nr CHIYARAN&E EPHESUS C"Ift0ft8E 
Deputy Director 
ftinistry of Energy, M•ter Resources l Developaent 
Ne• l Rene••ble Sources of Eaergy INRSEI 
P.BA& 7758 CAUSEMAY 
HARARE - ZlftBABME 
TEL : 707861 Tl 2141 

DESCRIPTION : 

Bioaethanation l Nutrient Recycling froa Bre•ing 
and Food Processing Mastes 

Production of bio9as, soil conditioner and ani•al 
food out of beer dregs <Chibutu 8re•ery) and of 
coffee bean residue IMillard Foods Cyl. A 
prefeasibility study has been done and sho•s 
dnavailability of adequate equipaent in the 
country. 

LOCATION: l>MILLARDS FOODS PLANT 
21CHIBUKU BREMERY 

0Rl61NE OF ~ESIDUES: 

DETAILS: 

l) BEER DREGS : the bre•ers do not have any use 
for these and are teen to get rid of the•. The 
residues consists of sorghu•, Mater and alcohol 
(2,150 tons/y) •ith a concentration of 111 of 
dried organic aaterial. They are sold to faraers 
for ZS2 per 90kg bag (•et aass> to be used as 
stoc~feeds. 

2> COFFEE BEAN RESIDUE : the nation•ide annual 
quantity represents 2,150 tons of chopped beans 
and Mater with a concentration of 251 of dried 
organic aaterial. 201 is used for other foods 
product and the rest is du•ped in areas designated 
by the aunicipality. 

Both coapan1es indicated a strong •illingness to 
investigate the potential of producing biogas fro• 
their wastes to substitute at least soae of their 
fossil fuel needs and squeeze soae profit fro• 
wastes theJ are not currently benefiting auch 
froa. The probleas iapeding adoption of 
bioaethanat1on are \i) ignorance of the potential 
of the process and its applicability to their 
particular ~perations, <ii> econoaic viability ie: 
those •ho are a•are of the process aay not be sure 
of its econoaic viability and the iaplication of 
aoving aMay fro• their traditional fuels and li1i> 
conservat1sa : 1ndustr1alists are cautious about 
investing in new techniques involving nutrient 
recycling and need reassurance in the for• of 
other working installations •h1ch they can see. In 
the absence o+ local exaaples the problea is 
unlikely to be solved, except through Joint 
ventures with experienced coapanies fro• the 
developed world. 



DIFFICULTIES: 

The ft!n!~!r~ ~ishes !~ r~~Jt:a~e the follo•ing 
contributions : (i) a joi~t venture •ith a foreign 
partner •ho could aobil1~e 'ocal engineering 
capability •h1ch is good, Cii~ the supply of 
equip•e~t •hich, due t~ foreign exchange 
constraints, are often difficult in obtaining fro• 
abroad and (iii) technology transfer for 
disse•ination to other relevant local concerns. 

STUDY AVAILABLE: 

A study has been undertaken by the ftinistry in 
!993 •h1ch concluded to th~ necessity of obtaining 
the thre~ aain contributions •entioned above. 

RECOn"ENDATIONS: 

aJ Request for Technical Assist•nce fro• UNIDO 
through UN&P loca! office outlining the 
type o' assistance required. 

bl Subait the invest•ent proposal to the UNIDO 
lnvestaent Co-operative Progra••e for further 
pro•otion. 
The industrial invest•ent questionnaire, duly 
filled in, is to be returned to R.O. Nillia•s 
Industrial Develop•ent Officer, Che•ical In­
dustries Branch, IOTD, Depart•ent of Indus­
trial O?erations, UNIDO, P.0.801 300, 
A-1400 Vienna, Austria, Tel.:(0222>26313956, 
Telex : 135612. 
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III. sunnARY OF THE LECTURES 

~Ql! !n~ ~~t~!ttr Qf th~ @~tq!!~ ~~!t~t~t[!ttqn fQ[ ~~!!l22!!Ut 
~Q:Q2![!1tQ~ !l~~~t : Address delivered by ftr. Ch. Ninterbeeck, Adai­
nistrateur G~n~ral, at the opening session. 

Here folloNs a su••ary of this •elcoaing address. 

After introductory Nelcoaing Nords to thP. participants, ftr. 
Ninterbeeck explained the reasons Nhy BADC took the initia­
tive to convene an international consultative co••ittee 
aeeting to di5cuss s~ch a specific field as the bio•ethana­
tion at a ti•e Nhen fossil fuel is becoaing cheap again. 
They are •ainly three : Ci) the fact that ttc energy requi­
re•ents of aainy Developing Countries Nill still be very 
difficult to cover because of their econoaical situation, 
(ii) that consequently their dependence on their owr. non­
conventional energy resources Nill re•ain as iaporta~t as 
before and <iiil that the present favourable situatior of 
the fossil energy on the world aarket should still be consi­
dered as unstable on a long tera basis. 

It is therefo~e up to both the Developed and the Developing 
Countries to e~a•ine the proble• of energy resources 91vin9 
the• all their necessary i•portance, and not to slacken the 
efforts towards the develop•ent of neN and renewable energy 
that would guarantee a •ore balanced use of the biosphere 
and the preservation of the environ•ent. In this context 
b1o•ass appears as an energy source largely available in 
Developing Countries but with unexploited or ill-exploited 
potentialitie> at a tiae when efficient and attractive 
technologies are aore and acre feasible if given the right 
priority in the country develop~~nt strategy. 

"r. Ninterbeeck also gave an overview of BADC's role and 
activities 1n the developaent co-operation. BADC is the one 
departaent in the 1elg1an ninistry for Foreign Affairs - out 
of three departaents - that is responsible for the public 
co-operation with Developing Countries. The two other depar­
taents are : the departaent for foreign affairs as such and 
the depart•ent for foreign trade. 

In the field of anaerobic digestion BADC is presently under­
ta~ing two •a1n proJects : one in Burundi with th• Univ•rsi­
ty of Louva1n-La-Neuve and another in Indonesia with the 
~n1versity of Ghent. It also co-finances punctual 1nitia­
t1ves of Non-governaental Organisations and is finalizing 
the negot1at1ons for the belgian contribution to the World 
Bank Energy Syste• nanageaent Assistance Progra•ae <better 
knoNn as the ESnAPl. Further•ore Belgiua is preparing a co-
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operation progra••e jointly •ith the World Bank to pro•ote 
the bio•ethanation of the organic do•estic refuse. 

In addition to the standard •eans of co-operation like 
training, fello•ships, belgian experts, feasibilty studies, 
donation of equip•ent and •aterials, etc ••• BADC has b•en 
recently given t•o ne• instru•ents of co-operation na•ely 
the Fund for Loan to Foreign Coudtries and the Fund for 
Develop•ent Co-operation. Thanks to these ne• instru•ents 
BADC is no• in a position to assist by offering concessional 
loans, by participating in the equity of state-o•ned co•pa­
nies and by granting credit line to National Developaent 
Banks. 

Mr. Winterbeeck ended his address by expressing the intere•t 
of both the State Secretary for Develop•ent Co-operation and 
hi•seif in the •orks of the Consultative Co•aittee fteeting 
as •ell as their will to base BADC's future action in the 
field of new and renewable energy, on t~e conclusions of the 
Meeting. 

E!U!U£!Qq !U~ ~Q=f!Q!~£irrq I~£~QtQY~~ : Lecture given by the 
Hon. A•bassador J.F.ft. Hendrickx, Vice President International Rela­
tions, Arthur Young International Europe, Brussels, Belgiu•. 

Here follo•s a su••ary of this lecture. 

The lecture reviews broad historical issues concerning the 
factors that generally favoured the invest•ents in both the 
developing countries - at the ti•e •hen they •ere still 
ruled by westerner countries - and in Belgiu• during the 
20th century. The argu•ents put for•ard are (i) that, in 
both cases, invest•ents were •ore abundant 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 ti•e to encourage risk-inves­
taents. These favourable conditions are then analyzed by the 
lecturer : a sound financial and econo•ic •anage•ent of the 
countries, inflation kept as lo• as possible, an adequate 
balance bet•een external debt and gross national product, 
political stability, free trade policy and fiscal incen­
tives. 

Next it is argued that, if finance for developaent projects 
is seeked by the developing countries fro• the industria-
1 ized countries, then (i) it would aainly co•e fro• the 
private sector which is the aost iaportant source of capital 
in the western world and <ii> it will be aade available only 
if the ~roject is feasible and the local context is attrac­
tive to private capital. 

If these conditions are not aet the only possible alterna­
tive is the recourse to international devlopaent aultilate­
ral agencies assistance. 
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Soae of the new tools to help developing countries, designed 
by the World Bank, the IFC, and other siailar agencies are 
subsequently discussed. 

~~!!l~t=lt~4t!Q 1~£~!tt~~~ lecture given by Prof. J. Nagels, 
Free University of Brussels, "anaging Director of Tracosa SA, 
Brussels, Belgiua. 

This lecture on the subject of countertrade ICT> consists of 
three parts. 

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

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

Finally in the third part, a concise description of soae 
basic CT techniques are given. 

The five •ain functions of CT aay be suaaarized as follows 

S aake trade possible •here and •hen prevailing conditions 
are such that, •ithout CT, the purchase and sale of goods 
and/or services •ould just be i•possible, constitutes • 
first function of the CT. To consider the proble• in teras 
of •bad trade versus good trade• - the latter being 
brought by natural aarket-forces - •s 1ot often relevant. 
Indeed the alternative is not so L~ch that one than the 
alternative bet•een the so-called •bad trade• and no trade 
at all. 

S a second function is the regulation of international 
trade. Through CT, inde~d, zones of international trade 
tend to protect theaselves against the squalls of an 
instable international environaent. This securing function 
that allo•s to aaintain international trade, is of the 
saae nature as the one served by aonetary and custoas 
unions. Does the European "onetary Systea not constitute a 
relatively •ore stable zone in a •orld o' fluctuating 
exchange rates ? Si•ilarly private or public clearings 
serve the sa•e purpose at the co••ercial level. 

S a third function rests in the inability of certain coun­
tries to organize the•selves the international aarketing 
efforts in order to sell off their goods on the •orld 
•arket. Hence they base the•selves on the experience of 
Ntstern coapanies to open up ne• channels for trade. 
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• a fourth function concerns the further elaboration of the 
international labour division in the •icro-econo•ic field. 
It could only be realized •hen the develop•ent gap bet•een 
t•o traders is not too i•portant. It i•plies a relative 
steadiness of inter-enterprise flo• of business that could 
e•erge then to co•pleaentarities, transfer of technology 
and kno•-ho•, industrial co-operation ••• , in short, to a 
•ore elaborated international labour division. 

a finally, the fifth function is related to the overstepping 
of bilateralisa through •onetarized barter techniques. 
Clearing agree•ents, indeed, •hich are nu•erous bet•een 
East-countries and other countries as •ell as bet•een 
South-countries, tend to achieve an i•possible target i.e. 
the strict balance bet•een iaport and export of the par­
tners at the end of the clearing periode. Obviously the 
s•itch-dealers are able to bring a solution to this kind 
of probleas. They transfora bilateralis• into aultilatera­
lisa and so serve the targets of all parties concerned. In 
the saae order of ideas CT allows to get round both the 
a~chaic and new foras of protectionisa. In this l.tter 
case certainly, CT does serve the purpose of free trade. 

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

Nevertheless certain characteristics of the world aarket 
!price instability, fluctuating exchange rates, ••• >, econo­
a1c aaladjustaents of socialist or developing countries 
!deficit of the current trade balance, external debt, ••• > 
and endeaic 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 to describing in details all 
possible CT techniques which are nuaerous and soaetiaes very 
sophisticated. Here follows a short description of the four 
basic CT techniques. 

1. The aonetarized barter 

The conventional definition considers the barter as a trade 
of goods without •oney. It can be represented by the follo­
wing for•ula : 

qt x "a = qL x "i 

where q represents the qu•ntities of goods and " the kinds 
of goods that are traded. 
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In this case there is no unit price for "• and "~and ~o 
necessity to finance the trade. It iaplies the s1aultaneity 
of the exchanges. When the siaulataneity is not realized -
which is a coaaon ~ituation - there is always a reference 
aade to a aonetarized global value of the barter. T~is is 
the reason why it is aore correct to speak of a aonetarized 
barter. 

2. The coapensation 

Co•pensation always i•plies that there is only one contract 
between the western seller - of trucks for instance - and 
the purchaser of the South who is si•ultaneously selling 
co•pensated goods. Credit-insurance inst1tut1ons (like the 
Office National du Ducroire in Belgiu•) never accept to 
cover such kind of transactions for they do want that the 
two parts of it be separated and covered by separate con­
tracts. 

Two types of situation exist. 

The exporter fro• the North - selling trucks for instance -
could be si•ultaneously purchaser of goods - for instance 
tyres - proposed by the partner fro• the South. In this case 
the pay•ent of the transaction is done through the exchange 
of the goods <trucks and tyres). If the exchanges are not 
si•ultaneous it is necessary to agree upon short tera 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 
instru•er.tality of a purchaser of the coton in the North who 
•ust be accepted by the partner fro• the South. The purcha­
ser of coton cannot be a dealer but should be the end-user. 
The exporter of trucks and the i•porter of coton agree upon 
a •transfer clause• stipulating that the hard currency used 
to pay off the coton •ill serve to pay for the supply of the 
trucks. 

3. The counter-purchases 

Counter-purchases iaply that two juridically separated con­
tracts exist i.e. : one export contract and one i•port 
contract for the coapensated goods. The export contract 
contains no reference at all to the purchase of the coapen­
sated goods not even in its annexes. It has its own life of 
e~port contract in all what concerns financing conditions, 
penalties, perfor•ances, insurance-credit, etc ••• This is a 
•sine qua non conditio• if one wants to coaply with the 
requireaents of the insurance-credit institutions. The ia­
pleaentation of the export contract is not at all affected 
by any possible aisadventure occuring with the iaport con­
tract for counter-purchase contract). 
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On the contrary the counter-purchase contract al•ays refers 
to the aain contract <the export contract>. It stipulates 
the rate of coapensation, the kinds of goods stlected for 
co•pensation, the penalty - covered by a bank guarantee - in 
case of not coapliance •ith the counter-purcha~e co••itaents 
crd finally, its duration (generally equal tr the 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 siaple : to buy 
first in order to sell later. The •esterner exporter aakes 
sure, in a •ay of an other, that his purchases in the coun­
try of the SoJtb or the East be recorded as valid to cover 
his future e~port in the saae country. So, if everything 
goes according to the agreeaent, either his previous pur­
chases •ill be credited as coapleted cou~ter-purchases or he 
will be paid in hard currency. 

This technique often uses the !!f[2!=!ffg~~!-

An escrow-account, also naaed •trustee-account• or •special­
account•, is only a financial technique that allo•s to 
realize a linkage deal with countries froa the South or the 
East. 

The aechanisa is as follws : there is an agreeaent between 
the exporters of a country of the South fbana•as, coffee, 
aanioc, coton, etc •••• > and their official ~onetary authori­
ties that the payaent of their exports be, up to a specific 
aaount, credited in a bank-account with a foreign banker 
<generally in London or Singapore>. This account is the 
escrow-account. 

The aonetary authorities of the country of the South and the 
exporter - of trucks for instance - fro• the North have 
previously agreed upon the escrow-banker and, in certain 
cases, upon the repartition of the interests accrued on the 
escrow-aLcount. As soon as this account has been credited 
with the sua of say one •illion dollars - the selling price 
of the fleet of trucks - the exporter who has also aade sure 
that this aoney be coaa1ted only to the payaent of his 
supply, proceeds to the supply of the trucks. 

This technique coaprise~ the risk that an oth•r creditor of 
the cour.try fro• the South distrains the •oney credited on 
the escroM-account. Although its existence is always k•pt 
confidential by all parties concerned, such a distraint is 
still possibl~ .~d very auch depends on the local legi5Ja­
t1on of the ~scrow-~anker. 
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~Qt~~tt~l fQ~ ~tQ!~t~!~!ttQ~ Qf ~Qlt~ ~!!t~! tQ ~~Y~lQ2tQ9 ~Q~Q: 
ttt~! : Lecture given by S. Deboosere, Laboratory of nicrob1al Ecolo­
gy, Rijksuniversiteit van Sent, Ghent, Belgiu•. 

Cities of Developing Countries like Bangkok or Ja~arta for 
instance, produce around 5,000 tons of •unicipal wastes per 
day. The o~ganic •atter content and the hu•idity of these 
wastes are higher than in the industrial countries. The 
treat•ents used are : du•ping in the open, incineration at 
high costs and low caloric value, aerobic co•posting which 
fairly suits dry cliaate and anaerobic digestion. In this 
latter case 1 ton of the organic fraction of t~r waste 
produces 180 a3 of b1ogas. 

The available technologies for the anaerobic digestion of 
aunicipal wastes are (i) the conventional co•pletely •ixed 
digestion that converts a waste proble• into a water rroble• 
by using 10 tons of water for 1 ton of waste, \lil the two 
phases digestion; Ciii) the dry digestion either !n land­
fills where it is spontaneous and lasts 20 to ~~ years 
before coaplete re~overy. or in se•i-contin~ous d1gest1on 
where biogas is recovered in 3 weeks. 

At present there exists two exaaples of ~ry d1~~stion of 
municipal waste : one i~ France where a 400 •3 digester 
works with a 35% dry aatter substrate a~d produces 5 •3 of 
biogas pe~ m3 of di1ester and per • y, and another in Ghent, 
Belgiu•, w~cre a p1~ot plant of 56 •3 produces 6 •3 of 
biogas per m3 digester and per day, using also the organic 
fraction of aunicipal waste at 354 dry •atter. The te•pera­
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 rJ1ntain the te•pera­
t~re :n the reactor and dry the effluent into a BOI dry 
•alter co•post. 

Two full scale plants of this last design are under cons­
truction : one in Belgiu• and another in the Netherlands. 
Experiences on dry bioaethanation of •arket waste and non­
hazarJous industrial waste already exist in Indonesia. 

~ ~~~ ~(Q£~~~ lQ( ~~Y!~£~~ l(~!t!~Qt Qf ~!!t~ ~!t~(~ Lecture 
given by L. Vriens, Artois Engineering SA, Leuven, Bel91u•. 

The characteris~1ts of the Artois Brew•ry wastewater treat­
mPnt are l1l the constr~ction of a co•pact reclingulir t1nk 
di tided into co•pirl•ents having defined functions and •llo­
wing substantial reduction i" Cip1tal and operation cost; 
li1 l the number of co•p•rt•ents and C11i> the design that 
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allows better process perforaances thanks to a two-stage 
treataent systea and a possibility of two reverse hydraulic 
flow directions. 

The three stage anaerobic-aerobic unitank systea with biolo­
gical nitrogen reaoval (3SU-N-Systea> is an exaaple of such 
treataent plant. It coabines a biological conditioning tank 
for buffering, presediaentation, hydrolysis and acidifica­
tion <3 coapartaents> with a hybrid aethane reactor coabi­
ning the upf low process and the anaerobic contact process <2 
coapartaents> and ~ith a low-rate oxidation stage for biolo­
gical nitrogen reaoval (5 coapartaents>. The efficiency of 
the systea is a BOD reaoval of 981 and a nitrogen reaoval of 
901. 

!~~~~QtQqi~~ ~Q!2~ti~q !it~ ~tQ!~t~~~~ttQ~ : Lecture given by 
H.A. "asson, Institut National des Industries Extractives (JNIEX>, 
Liege, Belgiua. 

Four topics have been discussed by "r. "asson naaely <i> the 
assessaP.nt of the appropriateness of new and renewable ener­
gy technology to Develo?ing Countries, !ii> an overview of 
the technologies coapeting with bioaethanation, !iii) global 
efficiency of bioaass and Civ> soae indications about the 
problematics of aquatic energy crop. 

Ci> The appropriateness of a particular new and renewable 
energy technology to Developing Countries is based on four 
main criteria i.e. : the raw aaterial serving as energy 
resource, the energy distribution and the iapact the techno­
logy may have on both the econo•1cal and social environaent. 

Eight basic energy resources are consider2d i.e. : cil, 
coal, hydraulic power, animal & huaan power, wood, crop 
residue, hu•an L ani•al waste and energy crop. Now new and 
renewable energy technologies aainly concern four of these 
basic resources : wood, residue, waste and crop energy. 
Because generally food self-sufficienc~ is the aost iapor­
tant challenge faced by Developing Countries, technologies 
based on crop energy •ay constitute a draw-back in ter•s of 
land resources allocation while, if based on crop residue or 
on hu•an ~ an1•al waste, they constitute a net additional 
energy resource. Hence a technology that utilizes residue 
and waste - which is generally the case for bioaethanation -
1s Judged as being aore appropriate to Developing Countries 
than other technologies <energy crop is being further dis­
cussed in the last part of the lecture>. 

ThP energy distribution aspect is also i•portant when asse­
~sing the appropriateness of a technology. "any Developing 
Countries, indeed, do not have adequate transportation in­
frastructure and therefore the energy produced should as 
much 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~ fdr as the social and econo•1cal t•pacts of a 
technologi are concerned the less the social environ•ent and 
the country's i•port bill are affected the •ore appropriate 
is the technology. 

(ii> The competitiveness of the bio•ethanation technology is 
illustrated by the figure below. It shows various basic 
energy resources with their corresponding refining & conver­
sic.1 processes and their converted energy for•s on the one 
side and the potenti3l end uses on the other side. Arrows 
are linking converted energy for•s with their corresponding 
possible end uses. As it can be seen •ethane is one of the 
energy for•s that allows the greatest nu•ber of possible end 
uses and therefore the co•petitiveness of bioaethanation, 
aeasured in nuaber of possible end uses, appears to be the 
best. 

NB. The figure does not ;how a link between •ethane and 
transportation although •any participants indicated that 
•ethane is being used as truck-fuel in several countries and 
particularly in Brazil. 
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!iii) What is the global efficiency of the bioaass ? In 
other words what is the aaount of energy one can get out of 
it coapared to what it contains ? This greatly depends on 
the refining ~ conversion process as it can be seen on the 
figure on the next page. The aost efficient way to recupe­
rate the energy accuaulated in the bioaass by photosynthesis 
is the co•bustion : out of 1 kJ one can recover up ta 0.9 kJ 
in the for• of heat. Bio•ethanation in this respect is 
certainly not the aost favourable conversion process : its 
efficiency ranges fro• 30 to 401 but is still higher than 
alcohol fer•entation. 

liv) At the beginning of the lectur~, energy crop has been 
judged as generally inappropriate for Developing Countries 
aainly because of the land resources and of the huaan labour 
it requires and which are generally thought to be better 
utilized if used to develop food crop instead. 

Now - as soae of the participants confiraed it - there are 
circu•stances when energy crop does not co•pete with food 
crop. This is the case of aquatic energy crop: •any coun­
tries, indeed, enjoy quite large surfaces of water (lake, 
sea, lagoon ••• > that could be used for aquatic energy crop 
without too •uch diffitulty and, in fact, both the Developed 
<EEC and USA> and Developing Countries <Guyana, Philippines 
and Thailand> are pro•oting research and developaent in this 
field. 
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![~~~f~[ gf !~~~~g!Qq~ ~fr~ ~~~~!g2~!~t : Lecture given by Ph. D. 
Grosjea~, Executive Director, Transtec SA, Brussels, Belgiu•. 

Transfer of Technology is, since •any years, one of the •a1n 
topics discussed in national and international conferences 
dealing with develop•ent and cooperation between countries 
and particularly in the fra•e wort of the North-South rela­
tions. 

It is considered as one of the •ain factors to design stra­
tegy-planning and achieve better results in the develop•ent 
of national econo•ies and I think that it is correct. 

I a•, indeed, a great ~el1ever that today world progress and 
developaent necessitate that one shares know-how as •uch as 
bread, food, the staff of life.This approach does not kill 
the goose that lays the golden eggs ' On t~e ccntrary, this 
1s an in~est•e~t advantageous to everyone's future. 

This being recoqnized by al•ost everyone, one has also to 
recognized that conflictual interests and attitudes elist as 
to how technology transfer •ust be car~ied-out, re•unerated, 
evaluated and ~hat 1t i•plies for all parties concerned. 

This is the reason why I propose to speak about the fol­
lo"ing topics: 

• firstly, the words •technology• and •transfer• have 
not a com•on meaai~9 for everybody and I think it i•portant 
that we agree on their definition. This is done in a first 
part • 

• secondly, r will analyse two of the •ain characteri­
stics of the transfer of technology, derived fro• the pro­
posed def1nit1ons, and 

• thirdly, I will draw so•e conclusions on wha~ should 
be undertaken to ease the i•ple•entation of transfers. 

1. Definitions 

Many different words are used when dealing "ith transfer of 
technolo~y : KNOW-HOW, r.NOWLEDGE, TECHNOLOGY,SCIENCE, 
etc ..•• and they lead to •isunderstanding for, in fact, they 
do not cover the same concepts. 

My O~ford D1ct1onary defines TECHNOLOGY as the science of 
th 0 1ndustr1al arts. This is not correct, I believe, for it 
induces a confusion between SCIENCE and TECHNOLOGY which are 
d1ff~rent. In fact, although they both represent a syste•a­
tir.aily for•ulated volume of knowledge, TECHNOLOGY is orien­
ted towards the production of so•ething <goods, services, 



richness> •hile SCIENCE is not, at least not directly. 

~rofessor John H. DUNNING, fro• the University of READING, 
Great Britain, proposes the follo•ing definition for techno­
logy: All FORKS OF r.NCMLEDGE MHICH ftAY AFFECT THE PRODUCTION 
FUNCTIONS OF A USER indicating that •hat is essential in the 
technology is its purpose to produce. The link bet•een 
technology ant 1ts i•pl1cation of production is so strong 
and deep that soae other authors prefer to co•ple•ent the 
definition by including the aateri•l tools that are necessa­
ry to produce. They suggest that the definition be: All 
FORftS OF KNOMLEDGE AND SET OF TOOLS MHICH ftAY AFFECT THE 
PRODUCTION FUNCTIONS OF A USER. 

Althou~h I a• aore in favour of a definition that differen­
tiates what is •aterial fro• •hat is not, this last defini­
tion stresses on the very strong lint existing between 
technology and its tools. Indeed, technology •ithout the 
tools is as useless as the tools without technology. 

Besides the word •production• contained in the aboYe defini­
tion one •ust also e•phasize the •ords •all for•s of tno•le­
dge• and •user•. 

•All foras of knowledge• aeans not only technical or process 
knowledge but also behavioural knowledge, •anagerial, orga­
nizational and other kinds of knowledge which are necessary 
to •aster the var:ous factors affecting the capacity to 
produce. Usually technology is split up into three •ain 
coaponents <il the knowledge related to the •anufacturing 
functions, iii) t~e knowledge related to the product de­
velopaent functions (i.e. the product design and enginee­
ring> and liiil the knowledge related to the •anage•ent 
functions !i.e. the wielding of the required resources to 
achieve profitabilityl. 

Furtheraore the word •user• should not be restricted to an 
individual person. It could be a user-fir•, a corporation, 
an organization i.e.: a coa•unity of people having different 
role to play to realize their fira's production function in 
a given socio-econoaic environ•ent. 

Henc£ •all the for•s of knowledge• also consists of the 
various knowledges on how to •ake people working with effi­
ciency and effectiveness. It covers •aintenance of equip­
aent, logistic and procureaent, accounting ~~chniques, aana­
geaent and organization, aarketing and coaaercial1zation, 
l?t c •••• 

The reason why I very auct. insut on the broaid aeaning of 
technology, is that one shoud properly understand and appre­
hend the exact nature of what is to be transfered and there­
froa of the difficulty encountered when doing it. 
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let us ~o•e no• to consider the TRANSFER of technology. 

Onr.e again I do not consider that TRANSFER is the proper 
•ord to define •hat is intended by it. 

Tra~sfering ~o•eth1ng, indeed, aeans that it is physically 
reaoved fro• one place to another and that nothing is left 
in the original place. The saae applies •hen transfering a 
property : against a coapensation of •hatever kind, so•ebody 
accepts to abandon his property in the hands of soaebody 
else; the property is reaoved fro• soaebody'hands to other 
hands. 

This is not true •hen transfering •kno•ledge• : the donor­
party or the seller of a tno•ledge is not left ignora~t 
after he transfered it to the r~ceiver-party. He aay have 
abandonned certain rights attached to the tranfered kno•­
ledge but he stil has the actua~ poss1bil1tv to use it to 
the detriaent of, or in coapet1t1on •ith the receiver-party. 
This is an iaportant characteristic of the transfer of 
technology as •e •ill see. 

I think that •disseaination· or •share• of kno•led~~ ar~ 
better •ords tor •hat is actually realized - or intended -
is the so•ing of kno•ledge, the scattering of it in SQaebody 
else's brain for purpose of gro•th. 

This 1s a crucial re•ark indeed. 

In fact no education, no d1sse•ination of knowledge could be 
reali:ed without soeae sort of ~suicidal• consequence for 
t~e educator, the consequence beinq tnat the student even­
tually becoaes as good as or even better than the teacher! 
This has al•avs been e~perienced by parents and educators. 

~oreover the success of the education greatly depends on ho• 
the educator reacts to this consequence. It he refuses that 
his student bec~•es better than h1a, he will try to doainate 
by pretending the student is never to acquire his own capa­
bility and soaetiaes even by refraining hi• fro• s!10•1ng any 
initiative and independence. This usually leads to conflict! 

On the contrary, if the educator is prepared to seeing his 
student becoaing as good as or even better than hi•, he •111 
let the seed grow and gradually adapt his role on the stage 
to perait the ne• actor to play his own. 

As •e will see 1t later, t~is reaark is very iaportant to 
understand probleas arising in transfer of technology. 

let's su•aari:e this first part related to the definition of 
the transfer of technology as follo•s: 
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• it is a disse•ination rather than a transfer; 
• it covers i••aterial 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 the• fro• the above definition. 

Let's start first with the suicidal consequence. 

As explained above it is an essential co•ponent of any 
education~! process. In the econo•ical context existing 
between two partners envisaging to realize a transfer of 
technology, it is associated with a process of deteriora­
tion/ennoble•ent of assets. Let's explain this. 

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

Now this asset, for •ost of its parts, is not displayed on a 
co•pany balance sheet because it is essentially e•bodied in 
the co•pany's personnel capability and such kind of i•aate­
rial asset, indeed, - except if displayed in the for• of a 
good will purchased fro• another coapany - is usually not 
recorded in a coapany's book-keeoing. 

Hence the sale of technology •ust be considered, fro• the 
seller's point of view, as a transFor•ation of •grey-c~11• 

asset into "•oney-asset• ldisplayeo as a circulating asset 
in the book-keeping> while fro• the purchaser's point of 
view it is the opposite transfor•ation of •aoney-asset• into 
a •gey-cell" asset. 

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!. 

"eanwhile the technology being disse•inated the technology­
purchaser is now in a position to coapete with the seller 
and reduce his aarket position. Consequently to aaintain hit 
growth and keep staying into the •arket coapetition, the 
seller has to reinvest the new circulating assets acquired 
in order to develop new technologies of hit o•n. 

In fact this is a process quite si•ilar to the degradation 
of energy into heat. 
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The heat, indeed, is a degraded for• of energy for it aay 
not be totally recovered unless a new source of energy is 
also consu•ed; and so the •aoney-asset• is a degraded fora 
of •grey-cells• asset for it aay not be reinvested unless 
•ore •grey-ce11• asset is also consuaed. 

This process of degradation/ennobleaent of assets when 
transfering technologies is funda•ental. 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 educ~tional process as described 
above. 

A second iaportant characteristic of a transfer of technolo­
gy is its i••ateriality. 

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

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

To illustrate this let's envisage the conditions of an 
industrial develop•ent project carried nut under the ter•s 
of a turn-key contract ~r of a product-in-hand or, even, of 
a •arket-in-hand contract. 

Usually the parties of such a developaent contract have a 
co•pletely different understanding of the objective of the 
contract and hence, a different intrepretation of its scope. 

What the client <or the rece1vin9 partner! wants to acquire 
through the signature of an industrial develop•ent contract 
consists of both the •aterial and i••aterial co•ponents 
necessary to achieve •astery in a specific industrial field. 
As far as the i••aterial part is concerned i.e.:the techno­
logy, <all for•s of knowl~dge which •ay affect his production 
function>, 1t is perceived by hi• as so•ething which could 
be •sliced-out• fro• so•ebody else experience and transfered 
as a co••ercial good. It is na•ed TRAINING in the contract 
and its •eaning covers Nhatever •ight be necessary to •ake 
t~e client's personnel capable of perfor•ing \heir future 
jobs. Further•ore being considered as so•ething transfe­
rable, the training is also considered as being •easurable 
quantitatively and qualitatively, and hence, subject to the 
de•onstration of its perfor•ance. 

The opposite party, on the contrary, clai•s that training, 
being so•ething i••aterial and not •easurable either quanti­
tatively or qualitatively, it is not possible to de•onstrate 
anything Nh1ch •ight give an idea of its perfor•ance. This 
is the Nell known controversy on the responsability of the 
supplier of training services as to whether it represents a 
co••it•ent to achieve a result i.e.the effective •astery by 
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the client of the technology, or only to p~ovide adequate 
and appropriate aeans of training. 

In this controversy - as it is usually - both positions are 
extreae and the only Nay to reconciliate the• is to clearly 
define everybody's responsability and role in the process of 
transfer a! Nell as to identify, aaongst the various tasks 
of the training progra••e, Nhat is deaonstrable and Nhat is 
not. 

3.Conclusions · 

There are •ainly three conclusions. 

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

No transfer of technology should be undertaken unless accoa­
panied by the reinvestaent of its aoney-coapensation, into 
neN research and developaent. Technology transfer, indeed, 
should not be considered as a today fas~ionable lucrative 
business but should be incorporated •ithin an overall stra­
tegy of gro•th for the receiver and the giver. If one does 
not consider this ineluctable necessity, the effect of the 
transfer Nill be the accuaulation of aoney-assets in the 
country of the technology-giver and the increase of coapeti­
tion on the NOrld aarket. One shoulo better look at both 
parties long tera interest by considering the effect on the 
Norld aarket of the neNly created production capacities and 
reorienting his own strategy accordingly. 

One should also - but this aore on a long tera basis - find 
neN aeans to evaluate the iaaaterial assets of a corpora­
tion, to display the• 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 1a~leaentation. The proble• 
is the identification of everyone's responsability. 

The receiving party should reaain responsible for any factor 
that deals with the aanageaent and the aotivation of his 
personnel, the selection of the fundaaental choices related 
to his strategy and developaent Nithin the local environ­
aent, the basic organization principles, etc ••• These fac­
tors, ind~-1, are not controlled by the giver and they are 
likely to ~reatly affect the perforaance of a training 
prograaae. 
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On the other h~nd. the g1v1n9-~~rtv has the crucial respon­
sabil ity 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 i••aterial liability lite the transfer of 
tnoNledge and to de•onstrate its perfor•ance. 

This covers to •ain issues: 

• unbiaised quantitative and qualitative criteria 
should be elaborated and recognized to evaluate the results 
of training progra••es. One of the best Nays to explore in 
t~is direct1on. ~r~bablv lies in a •ere syte•atic use of 
co•puter-ass1stea tra1n1ng courses • 

• it is essential tnat both the objective and the 
scope of a technol~gy transfer ue ~~Ecisely define and 
for•Jlat~d. Ii requires apprapriate 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 acco•odate a 
co•bination of •aterial and i••aterial liabilities, it is 
~trongly suggested that new contracting techniques be for•u­
lated in a way that per•its different types of liabilities 
to properly dovetail into each others. 
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!~~ ~£Q~Q!t£ ~Q~l~ ~~~ @~~~f tl~ Qf @t~q!~ er~i~£t~ t~ ~~Y!lQ~t~q 
~QY~ltt~~ : Lecture given by Prof. R. Renard, Universitaire Faculteit 
Sint Ignacius. Ant•erp, Belgiu•. 

Cost-benefit analysis is a technique for assessing the profitabil­

ity of an econo•ic activity. It consists of five distinct logical 

steps. (I) The alternative courses of action which are open to 

the decision maker are listed. Typically one wishes to compare 

a number of mutually ~xclusive variants. If only one activity 

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

to l~ave 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 imp~oved composting of organic 

wastes and the extra supply of coal to rural areasCI). To 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 plane 

fast-growing fuelwood trees near the villages. 

(2) Costs and benefits are identified for every alternative 

under scrutiny. This step consists of listing the relevant costs 

and benefits. In the main this is a straightforward exercise, 

hut it nevecthelees 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. However aore often than not biogas substitutes 

for other energy sources. ao that its benefit aay be the saving 

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

or increased agricultural production (in case it substitutes 

for fuelwood the gathering of vhich 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 aonetary 

terms. The choice of money as the 'measuring rod' is a major 

strength hut 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 5~ 

not always the cas~. How for instance are we to assess the ~Palth 

benefits 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 

frevious 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 JOO pesos accruing now 

is 'worth' the same as JOO 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. 

Th~ following table indicates how much 100 pe•os is worth in 

the future under differt!IJit discount rates. The formula is 



-t 
D-= (I +i) • 

i (rate of discount) 

5 

10 

15 

5 

78 

62 

50 

t (in years) 

10 20 

61 38 

39 15 

25 6 

("-": less than one tenth of a peso). 

50 100 

9 

Discounting makes us see the future on a diminished scale. Costs 

and benefits occurring after, say, one hundred years must be extre­

mely large to make a difference to the result of CBA. The proble~ 

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 on~ to use. We 

cannot go into this discussion here in any detail, but it may 

be good to give some idea about the essence of the disagreement. 

First, environmentalists claim that there is no moral justifica­

tion for pure myopi~. Many economists sympathize with this view. 

Yet they stress th~t many actual decision~ which have long term 

consequences such ~s the construct~on 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 standi?ds of living than the present one, and 
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if ve also discriminate in C'.'A a•ong contemporaries according 

to their income level. Econo•ists have deviced foraulaa vhich 

make sure that an identical 'distribution bias' is used in both 

cases. It is not evident however that we can ju&t apply this 

to any type of cost. Problems will typically arise vhen we are 

dealing with irrepairable damage to our planet. Can we 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? Kany ~eople's answer will be no, but 

this is a moral position on which no consensus need exist in 

society. 

Thirdly, the -~ount rate is sometimes used to express the oppor-

tunity cost ot capital. If capital can ear~ 10% elsewhere in 

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

only be ptofitahle if it earns more than 10%. An opportunity 

cost discount rat~ is usually higher, often two to three times 

as high, compared to an intergenerational distribution discount 

rate. The opportunity cost of capital is indeed an important con­

side:ation. However :t can he brought in into CBA in two differenL 

ways which lead to the same due attention to the scarcity of 

capital. One is, as indicated, as a discount rate. The major 

disadv~Jtage is that it does n,t 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. 

( c; ' . ·' 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 :s obtained by adding up all costs and ben­

efits suitably vei~hted for interpersonal and intertemporal con­

siderations. Futur~ costs and benefits are thereby expressed 

in their present equivalent. Projects are acceptable if they 

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

with the highest NPV. When facing a budget constraint for projects 
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which are not mutually exclusive, rank them by their NPY to budget 

cost ratio (NPV per unit of the budget). and go dovn the list 

accepting projects until the budget is exhausted. 

SECTION 2: Further concepts of Cost-Benefit Analysis 

CBA has basically tvo 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 no~~ative 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 subjec~ively 

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 environment 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 explains the 

uneven success of agro-induatrial biogas installations in 

developed countries, why family-si~e biogas digesters seem to 

have b~en a far greater success in China than in India, or why 

governments everywhere do not invest ~ore in the development of 

renewable energy sources. Once we have reached this position, we 

can go one step further and answer 'what if' type of questions: 

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

Normative CBA on the other hand tells the economic agent typically 

a government, what to do. This ~xists in two versions. CBA may 

be based on the government's ~~preferences. The result of a 

cost-benefit exercise tells the governm~nt 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 instanct 

include all the long term effects of air pollution, whereas many 

governments happily discount them into oblivion. 

Apart from the distrib~tion between positive and normative econom­

ics it is 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 i~agined as the sum of the financial CBA of all individuals. 

It would obviously be impractical to actually perform economic 

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 ecor.omic 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 stadow ex-
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change rate. the social discount rate. and the shadov price of 

invest•ent. 

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 

paper we 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 folloving diagram • 

• 

financial CBA 

economic CBA 

positive 
CBA 

x 

normative 
CBA 

x 

When performing economic CBA from a normative point of view 

two difficult weighting problems arise, which are absent from 

financial CBA. In ~he 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 

th~ market rate of interest facing the economic agent. In economic 

CBA things are not so straightforwat1. To arriv~ at a single 

figure of project worth we must weigh the gains and losses of 

many individuals. There is not objective way of doing this. what 

is required here is an ethical choice. Similarly discounting no~ 

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 thi~ 

raises fundamental ethical questions. 

There is an interesting link between normative economic CBA and 

positive financial CBA. In an ecor.omy with decentralized decision 

making by firms and households we require a ~echanism whereby 

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

societal objectives set by the public authoriti~s. That is, we 
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would like private agents, while seeking their own advantage, to 

do what is good for •ociety at large. So•eti•es •arket forces 

will bring this about by theaselves. It has for instance been cal­

culated that in the period 1973-1984 energy consumption per unit 

of Cross National Product (CNP) has fallen by l/S in developed 

countries, oil consumption by 1/3( 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 financial 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 comme! .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 rroduction 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 vaste is being processed, its 'opportunity cost' viii 

be zero if it has no feasible alternative use. In fact often 

there is a benefit associated with che fact that such by-products 

are disposed off. The saae applies to bioaethanation of sewage 

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 ti:e retrieving the 

fertilizer value in the form of an effluent or solid resicu,. 

Therefore whatever opyortunity cost we have to i~pute to t~:s 

input in biogas production is offset by a corresponding benefit 

on the output side. 

We now turn to the inputs other ~an 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 personnel. 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 lar~c-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 ~igh cost of using fossil fuels, 

given by their prices on world markets. Similarly, if fuelwood 

is used as an energy source the opportunity cost derives from 

the land, capital and 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 vithout planting nev ones. the opportunity cost aay 

be auch higher if this practice endangers the ecological role 

of forests. 

Hay ve conclude fro• the above that bio•ethanation offers a versa­

tile, low-cost process for generating energy? It would seem so. 

Thi~ does of coursr. not aean that it is the best in all circum­

stances. For inst~nce: organic waste •aterial with low or zero 

opportunity cost is not available everywhere. Also other sources 

of energy aay be especially cost-effective in particular circum­

stances. such a hydro-electricity in •ountainous 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 empirical 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 many 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 campai~ns, 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 sett;ng 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 fuelvood. Such benefits accrue directly to the people invol­

ved. Although they are not necessarily financial, people vill 
take them into consideration. 

In other cases advantages accrue to other people than the ones 

immediately 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 oiogas installation who acquires 

an extra income from his sale. 

On the other hand there may exist important advantages related 

to biogas installations (and which will therefore show up as 

benefits in a properly conducted economic CBA), but which do not 

trickle down to the level of the decision o:aking unit. In other words 

the economic profitability of biogas proj~cts 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) healt~ 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 

?roc~ss is in the different biogas techniques. It will at least 

lead: to a partial destruction of many disease carrying organisms. 

l& s~ch this constitutes a major health benefit. However it is a 

..• :nefit for which the project itself is not rewarded. 

, (b) environmental benefits 

d•ogds installations avert the environmental damage otherwise 



caused to vatervays an~ to the land by the organic effluents 

they use as an input. Although such benefits are difficult to 

measure exactly, •ost 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) agricultural benefits related to avoiding deforestation 

In LDCs a major source of energy is fuelvood and charcoa1C4). 

Forest~ are cut dovn much •ore rapidly than they can be re­

placed by natural grovth. Important human reforestation takes 

place, but in many LDCs far from enough to close the gap. A major 

fuelwood crisis is thus building up in the Third WorldC 5>. This 

does lead to higher prices for fuelvood 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 extractio1, 

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 consideration. Air pollution 

is 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

tively large amounts of carbon dioxide( 6 >. We proceed on the 

assumption that overall the external benefits of biogas far 

exceed the external costs. 
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SECTION 4: Vhat government• can do 

The problems which we identified call for remedial action. Private 

agents will always be aainly guided by their own advantage, finan­

cially and otherwise. Markets pass on the signal about what other 

people like and dislike, but incompletely so. The baker or the 

car-mechanic will vork hard not out of altruistic love for their 

fellow co~ntrymen 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 general 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. 

(I) The government can undertake very useful actions at a 

central level. It can fund applied research on biogas, e.g. on the 

use .f lncally available organic waste materials. Or it can pro­

vide the institutional framework already mentioned which is 

Pcessary for introducing biogas to people who are unfamiliar 

~•th it, e.g. through demonstration projects. Those are illustra­

t:ons of necessary actions to support the private sector of the 

<'••'oiomy in the use of biogas. Sometimes it is also apparent that 

: i1 c p r i v a t e sec tor w i 11 not under take cert a in a c t i v i t i es w h i ch 

arc nevertheless useful from the social point of view, such as 

svctjng up sewage treatment plants in urban areas. In that case 

the public authorities can undertake such activities themselves. 
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(2) In most LDCs, even those that call theaselves socialist, 

the majority of econoaic activites take place in the private 

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

is through regulation. Governaents have a legal power to coerce, 

and they frequently use it in econoaic sphere in their efforts 

to reduce external costs. In •ost countries there is extensive 

legislation forbidding the discharge of certain waste aaterials 

in the environment, setting liaits to such a discharge, or 

imposing certain devices to reduce pollution. Regulation is the 

most direct vay of influencing the pri~ate sector, and aost 

politicians feel it is the •ost efficient vay to do so. Yet there 

are some problems. 

In the case of pollution control, regulation requires infor­

mation about the kind of residuals different economic units are 

discharging, and about the technical options available in each 

case to reduce pollution. Especially in techni~ally advanced 

societies this is a formidable task. !hen 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 i~ an important way of influencing the 

b~haviour of economic agents, and it has certainly yielded valu­

able results. An illustration which related to biogas is provided 

hy 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 somevhat better position because their economie: 

are technologically less sophisticated so that it should be 

easier for govern•ents 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 subsidi~s 

the government c~n change the financial profitability of economic 

agents to bring it in line vith 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 &~ economists claim. Indeed, financial incentives 

permit the fundamental economic allocation principle to be res­

pected, i.e. that marginal co~t 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 r~­

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 

~e especially so in the more refined approach favoured by econo­

mists, when there is no lump sum tax but char~es 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. 

---------
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Subsidies can achieve the saae result as taxes. Consider an 

effluent charge on agro-industrial enterprises. As a result such 

firas aay find bioaethanation 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

aent 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 distr.ibution of income 

which may or may not. be considered desirable. It has also -~nse­

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 tho~e external benefits only arise because there are external 

costs elsewhere in the economy. Thus we hav~ argued that biogas 

projects helps to stop the spread of diseases (mainly through 

contaminated watei·). But the contamination risk would not have 

arisen if economic agents elsewhere would be penalized for the 
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health dangers they iapose on cociety at large. So the better 

intervention vould be to levy taxes on the polluters. Similarly 

vith the environaental benefits of biogas: they are related to 

the discharge of effluents for whicn the perpetrators are not 

penalized. If they vere, they vovld have ~n inc~ntive to take 

the necessary preventive measures themselves. 

Deforestation is a compar~ble story. Biogas ~elps to avoid 

it, but the real problem is that the economic agents who cut do~n 
forests do not pay the economic price for their activities. What 

is required laerP. is the establishment and especially the enforce­

ment of common property rights on forests. Economic management 

of forests, whi~h takes due account of externalities, can then 

be envisaged. This implies more judicious harv~sting 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 f~r 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 ~asteful 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, bo~h as producers (e.g. deforestation) and consum~rs (waste 

disposal). Many of those people live outside of the market, and do 

not pay any taxes. It is difficult to imaeine a cost-effective 

way of controlling their behaviour through financial incentives 

i1 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 feasibilit/, there is a problem 

of equity. Levying taxes or otherwise hamr~r the poorest in their 

daily struggle for survival may indeed be questioned ~n equity 
grounds. 



For this r•ason another approach is often 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 cP.apaign in 

rural areas about the need to protect certain forest areas. The 

hope is that people will cut down less trefs when they are in­

formed about the wider econological consequences. 

The principle has wider applications. The g~vernment could 

launch ~ campaign in favour of biomethanation directed at agro­

indus trial firms. The success of this and similar actions depends 

on the context. To begin with it depends on the trust people 

have in the p~olic autorities. In some countries the government 

hos forfeited its moral credit with the population through past 

exploitation and corruption. It is thP.n in a very bad position 

to lead such campaigns. 

There are other factors which play a role. Economic agents 

may p~llute rivers, cut down ecologically strategic forests, 

or otherwise act against the interest of their countrymen either 

out of ignorance or out of selfishne~s. If the former is the case 

an information campaign may be very helpful. If the latter is the 

c~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 campaigns 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 

~ttack 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 cut~ing and refcrest­

.ltior: have"- chance of ; ~ accept~d. If a 111ajority of the local 

pc op 1 c , i n c 1 us iv e a s u :" f i r. i "' .·1 :: par t o 1 

benefit from such actions, :~ is i 

campaign by the public aut~ es i~ 

1r> ,t elite, would 

- for a concerted 

·ciatinn with community 

leaders and eventuajly alsc , non governmental development 
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organisations. 

SECTION 5: Concluding comments 

In the final analvsis many economic problems turn ~ut 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 su~cess is insufficient financial 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 whic~ 

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

selfist 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 eoft-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~ wPll be 

wrong. Environment~! problems have a tendency to str .)lCk at 

the economy. Loss of tourism revenues, decreasing lana ~1oduct­

ivi ty, or additional health expe~ditures are sure signs. Also 

environmental degradation may not show up immediately in economic 

measures like Gross National Product, but it affects the ~elfare 

,.f human beings all the sa~e. Governments come under increasing 

~ressure to do something about it. In Lrycs pressure is buildini 

~) in urban areas, politically the most sensitive. With popuiation 

fr,iwth ~till at historically unprecendented rates the situation 

.s rapidly worsening. By the year 2000 out of the 10 'megatowns' 

(~ore thar IS million people) in the world, 8 will be in develop­

i:ig countries. As a consec:uence many LDC governments are comiug 

back on their earlier position that pollution is a problem of 
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developed countries vhich does not concern them. They increasing­

ly realize that it is a pressing and groving problea, affecting 

their citizens, including those on vhoa they themselves rely for 

their political survival. Similarly, aore and aore LDC govern­

ments are learning from bitter experience that successful develoF­

mer.t must start in the countryside. Once this is granted, it is 

usually also accepted that a steady increase in;~nergy supply 

in rural areas is necessary a~ an essential 

development. 

·edient of rural 

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 vant 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 

~he 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 sam~. For it would impose costs on me, whereas the 

benefits are enjoyed by all, an1 I woul~ still be affected by the 

pollution c3used by all the others. The point is that if this is 

the general feeling, n~body will initiate the move towarcs un­

leaded gazoline, but all will welcome the government imposing 

it on ~11. It has been argued that this 'isolation paradox' 

applies in several areas, including our concern for future 

generations CS). The consequ~r.ce 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 thi~gs which are 
~ 

beyond their grasp. One factor which may have an important in­

fluence on the future r,uccess of biogas projects in LDCs is the 

pricing policies of energy exporting countries. One cuuld advanck 

sound economic ar ~cnts lo unders~ore th~ claim that prior to 
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the 1973 OPEC price boom oil prices understated their opportunity 

cost to the vorld economy. The reason is similar to the one vhich 

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 countries. 

OPEC vas in this perspective a blessing in disguise for the world 

economy< 9 >. 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 anev the 

proble~ 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 more about external costs 

and benefits in th~ field of energy, specialists can draw Lp 

a coherent strategy. It will consist of some combination of 

regulation, financial incentives and direct conving of economic 

age~~s. 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 req~ired 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 soluti~n would require a change in 

other aspects of economic policie~ as veil. 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 questione~ on both efficiency and P.quity 

rounds. 

I II 
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FOOT!fOTES 

(I) Indian Council of Agricultural R~scarch (ICAR) The Economics 
of Co~-dung Gas Plants. New Delhi 1976. R. BHATIA, Economic 
Appraisal of Biogas Units in India, Framework for Social 
Benefit Cost Analysis, Economic and Political Weekly, August 
1977. 

(2) It could also be more than one country. In energy projects, 
where there are often important international consequences 
(e.g acid rain, depletion of renewable resources) it may be 
desirable to perform CBA from the point of view of all 
countries affected. 

(3) The figures are from the International Energy Agency, Annual 
Oil Market Report, Paris, 1984. 

(4) The situation is most outspoken in Africa, were 90% of the 
population is reported to u~~ fuelwood/charcoal for cooking; 
see e.g. D. ANDERSON. Decli~ing Tree Stocks in African 
Countries, World Development. vol 14; no 7, 1986, pp 853-863. 
In Asia and Latin America relatively more non-traditional 
fuels are being useJ. Still the share of wood is impressive 
in many countries. In Bangladesh a recent survey revealed 
that in urban areas between 30 and 50% of fuel consumption 
was provided by firewood. See H. PRIOR, Fu~l Markets in 
Urban Bangladesh, World Development, Vol 14, no 7, 1986, 
pp 865-872. 

(5) See e.g. E. ECKHOLM et al, Fuelwood: the energy crisis that 
won't go away, Earthscan, London anl Washington DC, 1984. 

(6) See the technical background paper to this conference. 

(7) There is a huge literature un environmental externalities, anc 
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, Camtridge University Press, 
Cambridge, 1981. 

(8) Much of the acade~ic di~cussion on this topic took place in 
the 1960s. S~e for example, A.K. SEN, Isolatiun, Assurance 
and the Social Rate of Discount, Qu~terly Journal of Econo­
mic:_, Vol 81, 1!167, pp 112-26. 

(9) Of course, one soay question 'at th(: same time the way in which 
th2 economic runt created ~as distributed among nations, just 
as ~ne may regret the abruptness of the price increase which 
probably contributed :o a ~lump in the world economy. 



I ., 
~ . CONCLUSIONS AND RECO"ftENDATIONS 

The corctusions of the Narks of the Consultative Co•~1t~ee Hee­
ting for 8iooethanat1on of Agro-industrial residues for Energy Recove­
ry and Nutrient ~ecyclir.g, are a~ folloNs : 

( i ) 

. ii. ) 

( i i l ) 

ii v) 

... l 

bio•ethanat1on is certainly a Nell-tried technology that 
is applica~le to b~th agro-industr1al and agricultural 
types of ac!ivities to help solve probleas at both 
coaaunity- and faaily-level. 

its appropriateness to Developing Countrie. is one of the 
best if co•?ared Nlth other new and renewable energy 
technologies. 

the cost-benefit analysis <CBA> of a b1oaethanation pro­
ject is funoaaentally different whether it is a financial 
or an econoa1c CBA i.e. : Nhether the unit under scrutiny 
is a single econoaic agent or a country or rather the 
totality of individuals jnhabiting it. 

the prese~t ~or:dwide econo•ic situation leads aany 
countries to investigate ne• and non-conventional 
financing techniques; a•ongst these the acquisition of 
hard currency through counter-trading techniques 
constitutes a focal point - because it is aore a~d aore 
used and it proved its effectiveness 1n solving specific 
probleas - ana therefore deserves to be further explored 
and pro9oted by international developaent agencies. 

finai!y, e~en if b1oaethanat1on is an appropriate 
technology for Developing Countries, it nevertheless 
requ:res that it~ tranfer be effective and efficient 
Nh1ch 9eans that 

t the training of the personnel should be as coaprehen­
s1ve a~ possible <i.e. : covering operation, •a1nte­
nance and aanageaent> an~ tailor-aade to the project 
specific requireaents; 

• the training prograaae should coapr1ses an agreed 
aethodology to aeasure its perforaance in teras of 
training results; 

I the intended b1oaethanat1on project be acco•pan1ed by 
the developaent of a sectoral infrastructure to as­
!1st 1n logistic and training sia1larly to Nhat often 
eE1ts 1n Developed Countries for the agricultural 
sector. 
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Based on the discussions held during the fteeting and the conclu­
sions drawn at its closing session, the consulting fir• entrusted by 
UNIDO with the preparation and the organization of the fteeting has 
been requested to for•ulate a proposal for a bioaethanation technical 
assistance progra••e in the participating Developing Countries. 

<ii P.eco•aendations on behalf of each inve5t•ent project proposal 

As far as the invest•ent project pr~,osals studied during the 
Eenval aeeting are concerned, it aust be said that no sufficient ti•e 
was available - both during the preparation phase and the •eeting 
itself - to allow a sufficiently detailed study of each proposals and 
the foraulation of individual assistance progra••es adressed to each 
of the•. 

Nevertheless with the available inforaation one •ay certainly 
conclude that each of the invest•ent proposals presented for the 
•eet1ng constitutes an opportunity for carrying out further feasibili­
ty ~tudies covering socio-econo•ic cost-benefit analysis and environ­
aental i•pact assessaent as explained below as well as further deve­
lop•ent work involving process and design studies leading to pilot or 
de•onstration plants. 

Concerning the necessary financial resources it should be 
observed 

t that each individual proposal - being a relatively saall 
project in ter•s of capital required - does not attract 
the attention of international develop•ent agencies or 
large financial institutions; 

t that all the invest~ent proposals are suspended by lack of 
finance tc und~rta~e the next step; 

t and that - in addition to the co••on lack of funds of 
Developing Countries - !b!r! i! !92!b!r ~!!i' ~i!!i,Yl!x 
!g 9!! !b! !iD!Df! !bifb f9!!! f (Q! !b! !!'! !b!!£ 
!l!b2Y9b !!'b er9R9!!!:! !f999!i' Rr9!i!!~i!i!x i! Y!(X 
!!!r!f!iY!£ !b~ fiD!Dfi!l er2!i!!~i!i!x r!!!iD! iD!Yf!i: 
'i!n! !~ er!Y!!! ~!,!!i9n !!~!r!~ 

This leads to the iaportant conclusion that there is an inherent 
~t(uctural ia~eding aechanis• to pro•cte bio•ethanation projects. It 
consists ot the fundaaental fact that •any of the i•portant adv4ntages 
-~iated to biogas installations !which will therefore show up as 
~r~ef1ts in a properly co»aucted econo•ic cost-benefit analysis) do 
~ot autoaatically trickle down to t~e level of the individual decision 
~~~1n9 unit. 
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Thus bio•etha~ati1n appears as a ~echno!ogy that is •ore useful to 
a coa•unity as a whole than to its •e•bers individually and, there­
fore1 its pro•otion ano developaent are basically a governaental 
responsability. In fact, becau~e of the very nature of its benefits to 
the co•aunity, bio•ethanation •ust be considered as an essential 
ele•ent of the national environ11ental policy. If such a policy is 
fully integrated in the nat1on~1 developaent policy through syste•atic 
environ•ental i•pact assessaent and cost-benefit analysis uf develop­
aent p~ojects as well as through coherent antipollution regulation 
then bioaethanation installations aay prove profitable on both the 
fina~cial and econoaic points of view. 

Fi.:ally this probl'?il being coaaon to aany Developing Countries, it 
is believed advisable tnat any technical assistance initiative in this 
field be en~isaged ~~ ~ 2~lti-country basis. 

(!il Reco•aendot1c~s on behaif of the participating Developing 
Countries 

This is why it is recommended to elaborate a technical assistance 
prograsae that initially could be adressed to the countries that 
participated in the discussions of the Genval "eeting and, in a later 
phase, be extended to othe, interested countries. 

The de~elopaent objectives of the prograaae would stand as 
follows : 

<1> ~trengthening the participating countries' capability in 
environmental planning and aanageaent; 

11il assisting the participating countries in increasing the 
profitability of bioaethanation installations for wastes 
~nd/or residues for energy recovery and nutrient recycling 
through systematic environaental iapact assess•ent of deve­
lopment projects and effective legislation towards pollu­
t1011 abatement and resource recycling; 

<iii> pro•oting studies and investigation in the field of non­
conventional financing techniques including the counter­
trading techniques; 

!1v> ensuring effective and efficient training and transfer of 
technolcgy in the field of bio•ethanation. 

:t :s suggested to naae the progra••e : BIOMETHANATION ENERGY AND 
~ .. • .. i i<CH~i'IENTAL "ANAGErtENT ASS I STANCE PROGRAM"E < BE"AP l. 

!n its principle, BE"~P's institutional f~aaework would be si•1-
•a wh~+ prevails 1n existing progra•~es like for instance the 

.:·i • . .:.rral Network for Agricultural rtachinery (RNAM Project I with the 
·.t1on that it -ould not be restricted to the countries of a parti­
·~ R~91on but be •dres5ed, 1n its initial stage, to the participa-

' .r,, r:1untr1ei; in the discussions of the Genval "eeting. 
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BE"AP's concept should be further developed and conceived in 
conjunction •ith existing or intended initiatives fro• other •ultila­
teral agencies (like for instance the Energy Syste• "anage•ent Assis­
tance Progra••e - ES"AP - financed by the World Bank>. Guidelines and 
support could also be solght fro• UNEP and fro• the Asian Develop•ent 
Bank that organized, in February 1986, a Regional Sy•posiu• on Enviro­
n•ental and Natural Resources Planning the proceedings of •hich have 
been published under the title : ENVIRON"ENTAL PLANNING AND 
"ANAGE"ENT. 

As far as Belgiu• is concernP.d and taking into consideration !i> 
it~ leadership position in bio•ethanation technology and (ii> its on­
going initiatives and intentions expressed by the Adainistrateur 
6~n~ral of BADC at ~he Consultative Coaaittee "eeting opening session, 
it is suggested that belgian expertise and resources be aobilized to 
play a leading role in the proposed BE"AP prograaae. 

A for•al invitation - ir. the fora of a draft BE"AP project 
proposal - should be presented to the Belgian Governaent by UNIDO. 

Brussels, february 1987. 



APPENDIX 1 

WASTES AND RESIDUES IN DEVELOPING COUNTRIES AND AVAILABLE 
APPROPRIATE TECHNOLOGIES OF BIO"ETHANATION 

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

In the course of t~e Consultative Coaa1ttee Meeting for •eiome­
thanation of Agro-industrial Residues for Energy Recovery and Nutrient 
Recycling•, it has beer. possible to determine which hastes and/or 
residues and in soae cases how auch wastes and/or residues are at hand 
in the Developing Countries, the delegates of which were present at 
the 1oeet i n•J. 

This was then aatched with the available technoloqies of bio•e­
thanation to assess whether these technologies are appropr1dte to the 
type of wastes andior residues as well as to the country 1n which 
these technologies are to be iapleaented. The re~ults are to be founo 
below. 

B. ~~~!!! ~n~!QC ~~!~~!~! ~! ~~rr~ trr !~! Q!!!LQ~l29 ~Q~Q!Cl!! 
~~~C!!!~!~1 ~~ t~~ ~!~!lQg 

Table 1 lists the wastes andtor residues at hand in the Develo-
: 1ng Countries represented at the Consultative Committee Meeting. It 
,~ould ~e noticed that, besides wastes and/or residues fro• agricultu­
·ai and municipal origin, most Developing Countries ~xhibit an increa­
sing interest for agro-industr1es and hence clai• an increasing amount 
of agro-industr1al wastes and wastewaters to treat. 

Chin,, is the t l'Pl c<d ex a11pl e. Fro• a well known pol 1 cy favouring 
,, •.. :,p!e11entatior. of domestic fa•ily digesters, China 1s definitely 

.... "'• t::iwc.rds a policy of agrn-industrial digesters of large scale. 



Table l. \\u.stes an,i/or resicuei; at hand in the Developing Countries represented at the Consultative Committee 
N.:eting 

Country Sudan Guyana China Senegal 
Waste 

~:!:~!~~:~ 
Animal x 150 106 t/y manures 

Plant/Crops l\quatic weeds 

llndustry ,,_ _______ 

Slaughterhouse x 9.5 t/d paunch 
3 manure, in 130 m I 

waatewatera 

Distillery 70 000 l/d • 
Spent lees 

I t'aper mill 9000 mill~ 
I 100-200 m /d.mill 

Black liquor 

Tannery 200 tanneries 

Pharmaceutical (Ruearch) X 

-
tt~~!:!e~! 60 000 m3/d Urban sludge 

Khartoum wastewater& 

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

d 

.,, .. 
tC 
Ill 

N 



1 ,10' ~: i . ., ;t .. ~ .t '· t•H resiuue;:; e1; hand in the lleveloping Countries represented at the Consult.ative Conmittee 
.,.'-•t ~n6 . .:: .. nt.ir~uat.ion) 

Indonesia Br.nil Argenti.na -- - Country 1· 
Waste '-----------~--+~--~--------~t------
Agricultu!"e 

i--::i~;:~---

For.:st 

Plant./1..'rops 

114 106 t./y manure 

217 106 t/y 

29.5 10° t./y 

128 106 heads gt 
cattle = l~ 10 m3 
biogas 

Milkinf, farmB 

Philippinea 

Pig manure 

I - ·-------+-·---
!~~~!~~]'. 

Distillery 

Oil refinery 

Sugar refinery 

2.7 106 t/y 
• 657 ~o3 t sludge 
+ 2 10 t sol id 
wastes 

204 106 m3/y stillage 
COlJ • 30 g/l 

50.4 106 m3 /y effluents 
COD a 9 g/l 

t-------------+-----------------1f------------ ---
~1~~!~!e:! 

2.5-lo io6 m3 /y 
stillafe 
COD .., 77-100 g/l 

2.4 106 t/y 
raw slops 
(1 t • 30 m3 biogas 

504 106 t/y 
filter cake 

(1 t • 150 m3 biogas 

..... ~~~~~~~~~~~~~--1.~~~~~~~~~~~~~~~~~.L-~~~~~~~~~~~----~~~~~~~~~~~~~~~ .... ~~~~~~~~~~~~~~ 

A : ~aste or residue at hand; quantities not known. 

"D .. 
IC> 
Ill 

(..-4 



Table 1. \'a~tes a·dfvr residues at hand in the Developing Countries represented at the Consultative Corm1ittee 
Neeting (continuation) 

Country India Zimbllbwe Paraguay 

Waste 

~riculture 

-----------
Animal 200 cowuunity digesters x x 

o.2 10 family digesters 

-
lndustry --------

Distillery 12 1~6 m3 effluents 
(J m = £2-30 m3 biogas) 

~od processing 36 t/month coffee 

industry 

I 
bean residues 

a u."' .. lt.l SO t/month beer 
dregs 

--
Municipal x 
---------
x Waste or residue at hand; quantities not known. 'O .. 

'° " .. 
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c. ~eQ[~e[lz!~ ~!Q~~!~~~~!!g~ !~£~Qg!gg!~~ fQ~ P!!~lQ~!~g 

~g~~![!~~ ~··' 

Biogaa is the product of an anaerobic biological process called 
aethanogenesia and of a technological . process called 
bioaethanation. Bence, the present paper is divided into three 
.. in parts, the first one dealinq with biogas itself, the second 
one dealinq with the biological process of aethanoqenesis and the 
third one with the technology of bioaethanation. 

1. BIOGAS 

1.1. Properties of bioqas 

Biogas is a aixture of •ethane, CH4, and carbon dioxide, co2. It 
is produced fro• a nuaber of orqanic matters, which will be 
ref erred to as bio:aass substrates, S, through the action of 
microorganisms wh_ich will bf: referred to as active biomass, x. 

It is generally understood that bioqas contains between 50 
and 80 ' methane, CH4, and between 15 to 45 ' carbon dioxide, 
C02. It contains usually also about 5 t water, H20 and traces of 
hydrogen disulfide, H2S, a fact of importance for most of its 
uses. 

Biagas is an energy vector. Its energetic properties depend upon 
its carbon dioxide, C02, conteLc. Table I lists the lower 
calorific value.of bioqas. 

Table I 

3ioqas 

.·.ethane 

Pe-:rol 

~-1::..oil 

/.,.ii" values 

H.B. (**) 

Methane Carbon dioxide 
content content 

C' by volume) 

50 50 

65 35 

80 20 

100 0 

Lower calorific 
value 

kJ g-1 k.J 1-1 

13.4 17.9 

20.3 23.3 

29.9 28.7 

50.0 35.9 

45.0 33300. 

42.l 34500. 

at standard pressure and teJDperature 

baaed on a paper by A. PAUSS, H.NAVEAU and E.J. NYNS 
BIOMASS ENERGY, edition D.o. HALL and R.P. OVEREND, 
be published •oon by ~ohn WILEY, u.x. 

in 
to 
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Methane is gaseous at all t-peratures at which bioaethanation 
processes can be conducted. Furthermore, as will be detailed 
below, aethane is little soluble in water. Hence, aethar.e 
escapes spontaneously froa feraentation aixed liquors, so that 
no particular process is necessary for its recovery. This i= an 
iaportant fringe benefit, so obvious that it is often overlooked. 
It is suffic!ent to recall here the probleas associated with the 
recovery of ethanol, CJl3-cB20H, froa fermentation aixed liquors, 
not to speak of the energy requireaents of such recovery 
processes. 

Methane has a critical point at -12.1 ·c. This aeans that it 
cannot be liquefied at teaperatures above -82 .1 • c. This is a 
serious drawback for the end-use of biogas in cars or lorries. 
Proa Table I, it is clear that l 1 of aethane CH4, has a lower 
calorific value roughly equal to one thousand of that of 1 l of . 
petrol. Still, under a pressure of 200 bar, 1 1 of pressurised 
aethane, CR4, has a lover calorific value equal to 1/5 of that 
of l l of petrol • 

. 
Methane is little soluble in water. In equilibrium with biogas 
at l at• containing 60 ' aethane, CH4, by volume, the solubility 
at saturation of •ethane 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, rel::ttively to the total amount which 
escapes as gas. However, when the substrate biomass to be 
biomethanized is a very dilute wastewater, such as domestic 
wastewater with an average biological oxygen demand (BOD) of 
around JOO mg 02 per liter, or below, the amount of bioqas 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. Coaposition and utilization of biogas 

Besides •ethane, CB4, biogas contains carbon dioxide, C02. In 
view of the hapact that the relative content in carbon dioxide, 
C02, in bioqas has on its enerqetic value, it •ay be appropriate 
at this point to discuss thouroughly ~.he factors that influence 
this relative content. 

Basically, the content in carbon dioxide, co2, of the biog as 
depends upon two factors. The first one is the aean oxidation 
state of the substrate biomass, the second ones are the physico­
cheaical equilibria of the inorganic car;,on species among its 
various foras in the liquid €eraentation aediWI. 

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 relati'p amounts of the 
final products of aethanogenesis : methane, CH4, and the 
inorganic carbon species with all i~s forms, are strictly 
depending upon the mean oxidation state of the substrate biomass 
accessible for the feraentation. This ca~ be examplified by the 
dis•utation equation or glucose : 

C6Hl206 •----• 3 CH4 + 3 C02 

The complete methanogenesis of one mol of glucose will 
necessarily produce 3 mol of methane, CH4 and l mol of inorganic 
carbon, forl\alized here in a simplified way by co~. More reduced 
biomass substrates will produce relatively more met~ane 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 a~ong its 
different forms. · 

Not all of the inorganic carbon will appear in the gas phase. 
F~rst, part of the inorganic ca~bon will dissolve and hydrate in 
the aqueous fermentation medium. This means that, in equilibrium 
·11:ith biogas at 1 atm containing 40 \ carbon dioxide, co2, 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. 

:t may ba interesting to recall here that, by increasing the 
~~~5sure in the gas phase, the partial pressure of carbon 
~ ; :.:icide, C02, increases accordi.ngly as a result of Boyle 
··'ia~iotte'• law, and the •olubility of the forms carbonic 
a · ...... ydride, C02, and carbonic acid, H2C03 increa•e• accordingly 
:.:..~ as a result of Henry'• law. tfherea• thi• i• equally true for 
r • .:~hl\ne, CH4, becl!.u11e of the large difference• in solubility 
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between •ethane, CH4, and carbon dioxide and its hydrated form, 
C02 + H2C03, an increase in pressure in the •ethane digester froa 
one to two bars for exa.ple will result in saall losses of 
11ethane, CH4 in .the produced biogas but in larger decreases in 
the carbon dioxide, C02 content of the produced biogas. This 
concept is being looked at as an easy •ean to decrease 
substantially the carbon dioxide, C02, content of biogas, 11ainly 
under dilute feraentation conditions. 

Biogas, as a •ixture of •ethane, CH4 and carbon dioxide, C02, can 
be used as well for cOJlbustion in burners or furnaces as for 
combustion in engines. The relative aaount of carbon dioxide, 
C02, is usually not critical. However, the biogas produced 
should remain at all times of constant relative coaposition, as 
"the efficiency of the combustion as well in burners or in engines 
·is rather sensitive to variations in biogas co•position. 

Water vapor i~ biogas can be reao~ed by a condensation trap, by 
physical absdrption in glycols, by physical absorption on silica 
gels and beads, alumina, activated carbon, bauxite or molecular 
sieves (silicates) and by condensation after compression and/or 
cooling. Hydrogen sulf1de,'H2S, can be removed by dry oxidation, 
namely on iron oxide, sponges or fillings. 

The mixture of hydrogen sulfide, H2S, and carbon dioxide, C02, 
can be removed simultaneously by physical ab~~rption.in water at 
high pressure, in glycols at high pressure (Selexol process) in 
propylene ca~bonate at high ~ressure (Fluor solvent process) or 
in potassium carbonate solutions at hiqh temperature and 
pressure, as well as by chemical absorption in an aqueous mixture 
of sodium carbonate and ferric hydroxjde. · 

carbon dioxide can be removed by water scrubbing, possibly in the 
future in phosphate buffer solutions or by membrane separa~ion. 
Cryogenic methods have no~ proven successful • 

• 
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2. METHANOGENESIS 

.. 
The global process of •ethanogenesis is the result of four 
conse~.itive actions (Fig. l). : 

- solubiliz~tion - hydrolysis, 
- feraentation (or acidogenesis), 
- link processes, 
- •ethanogenesis (in the strict sense) 

It is due to the joint action of a rather · larqe number of 
•icrobial species. 

FIGURE 1 

Solid organic .. tter 

l ( I Solublll•atlon - R~droly•i• 
Soluble organic .. tttr 

I ( II Fermentation I 

Transitory end-products 

. J 1 II I Llnk eroceu 

Methane precursors 

J ( IV H•thanogenesis 

Methane and inorganic carbon 
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2.1. The first action : aolubilizat~on of insoluble aater~al 
--------------------------------------------~----------and hydrolysis of polyaeric aolecules 
---------~---------------------------

Whenever aolid aaterial is present in the substrate bioaass, the 
first action auat consist in the solubilization of lnsoluble 
aaterial-elther into soluble polyaeric aaterial or into soluble 
low aolecular weight or aonoaeric coapounds (Fig. U . This first 
action involves as well a physical de£organization action on·the 
structured solid as a (bio)cheaical hydrolytic action on the · 
disorganized aolecules. 

FIGURE 2 

-Solid organic .. tter 

Soluble organic watter 

' 
.. , 

' i 
Protein• Poly•acchar ... de• Lipid• Mi•cel laneous 

l ' ' ' Amino acid• Sugar a 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 reactor volume and per unit time~ liaits the 
rate of loading of the bioreaetor, in unit weight sµbstrate_ 
~aterial per unit volume of bioreaetor and per day. This 9eans, 
.econdly, that the length of time required to obtain the aaxi•WI 
solubilization of a single piec~ of solid aay be long, up to days 
or eve.n ·tens of days, depending upon the size of the sol id 
material. The latter fact will influence the aean residence time 
of s~lid material in the bioreactor. • 

":1e rate limitation is. severe in the case of liqno-cellulosic 
~aterial, in which case the pretreatment of the substrate 
material prior to the solubilization-hydrolysis step aay become 
:-:.ecessary. Possible pretreatments are being looked at. These 
?=etreatments aay be physical •ueh as irradiation, steaa 
~xplosion and or grinding or chemical such as treataent at high 
temperatures. Such pretreatments are alway• expensive. 
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The rate liaitation becoaes.less severe as the content of liqnin 
in the cellulosic aaterial decreases, naaely fro• woody material,· 
a poor substrate aate:rial for bioaetbanatior., to .straw which 
usually requires a pretreat.Jlent and to qreen plant aaterial 
nonaally suitable for bioaetbanation as such. When straw is used 
as beddinq aaterial for aniaals, the incubation of straw and 
animal waste in the stables where tba aixture is also traapled by 
the aniaals, is an efficient pretreataent. 

The loadinq rates and the aean residence ti•es vary depending on 
the nature of the biomass substrates and on the applied 
technoloqy. 

The liaits are : 

loadinq rate : fro• 1 to 10 kq per day and per •3 of aethane 
re~qtgr. . 

aean residence tiae : froE 5 to 20 days 
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2.2. The second action : feraentation of soluble orqanic 
---~------~-~-------------~-~----------~-----------aonoaeric aaterial 

------------------
Soluble orqanic 11atter, initJally present. iii· the substrate 
bio:aass, or orqinating fro. the solubilization ot orqanic 
insoluble :material, basically consists of proteins and aaino 
acids, polysaccharides and sugars, lipids, glycerol anti fatty 
acids and aiscellaneous coapounds in ainor amounts, soae of which 
are however of aajor iaportance for the globp.l process of 
fermentation. Fig 3 gives a flowsheeet of the fermentation step, 
once the depoly.erization of soluble polymeric JUlterial is 
achieved. 

Alllno acid• 

I 

Sugar• 

Organic 
tranaltor1 

end-product 
W>leculea 

' ffeutral 

<X>2 .. _____ _ 

Caa phase Liquid phau 

FIGURE 3 
• 

Clycitrol Fatty acid• 

.. 

' a+ 

X : Not further fenDented in thia •econd action. 

lthce Uaneoua 

Aroma Uc a Ke+ 

' x 
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The pH at which the fermentation of soluble orgauic matter 
spontaneously occurs, that is with no external pH control, is the 
result of biological and physico-chemical reactions. 

As can be seen in Fig. J, 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 aolecules if these. reactions are considered from the· 
hydrogen transfer}>oi'l'lt of view. 

This question is not elaborated f~rther ·here. The basic 
conclusion which should be rem~ered is that neutral organic 
su!>strates have a- potential acidifying power revealed. by 
fenaentation but that part if" not all of his potential acidity 
can be located as carbon dioxide, ~2, which escapes from the 
•ixed liquor as a-gas • 

• 
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2.3. Link processes between fer.mentation and aethanoqenesis 

A nuaber of end-product anlecules froa the fermentation action 
cannot serve·as such as •ubstrate :1tolecules for the aethanoqenic 
action. This is namely the case for volatile fatty acid anions 
with 3 and aore carbon ato-, lactate, e~anol, aro11atics · and 
lonq chain f~tt~ acids, indeed all aolecules but acetate and the 
couple dihr-Jroqen, H2, and inorqani: ·carbon, · nuaely carbon 
dioxide, C02, · and bicarbonate, HCOJ• • 

A nllllber of bacterial s•ecies exist which are able to aetabolize 
· these compounds into acetate, CHJ-COO-, dihydroqen, B2, and 
inorganic carbon (Fiq. 4). These bacteria are called •obligate 
hydrogen-producing acetoqenic• or OBPA. With their pecaliar 
aetabolic pathways, these O!iPA bacteria constitute a clo3ed link 
between .the fermentation action and th~ aethanoqenic action. In 
other words, through th.air peculiar aetabolic pathways, these 

• OHPA bacteria exert a remarkable •funnel" effect on the overal 
process. Indeed, tnese OBPA bacteria collect most if not all 
.sillple soluble monomeric molecules which originate or are left · 
over from the fermentation action and •funnel" them down, that is 
metabolize thea solely -into acetate, CHJ-COO-, dit.ydroqen, H2, 
and inorganic carbon. As a result of this liruc processes, the 
.latter four molecules are the only end-products remaining in-the 
mixed liquor at this stage. 

FIGURE 4 

Organic end-product 
molecule• from fennentatlon 

Volatile fatty 
acid anion• 

Ethanol 

Fatty acid• 

Others 

Aromatic• 

--~-·~~--~----~ ----... q 
' ' CH3-coo· . H2 

I 
Inorganic 
carbon 

::!la:re is however one major drawback to these link processes. 
From a thermodynAlllical point of view, these metabolic processes 
e:e only possible, i.e. exerqonic, when the partial pre•aure of 

·dihydrogen is kept lov to very low, that is down to 10-5 atm. 
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The aajor result of this·thermodynuaical llmitation is that large 
absolute amounts of dihydrogen, H2, aust flow in the fermentation 
aediua but at an extremely low partial pressure of dihydroqen a~ 
all tiaes. ~is problea was solved by nature by promoting the 
syntrophy between obligate-hydrogen-producing acetoqenic (OHPA) 
bacteria and hydrogen~cavenging bacterial sp~cies. 

Whenever biomethanation is split in a two step process, 
acidogenesis (fermentation) and methanoqenesis, the link process 
with sulfate-reducing br aethanoqenic bacteria takes normally 
place in the second step af methanoqenesis. Not all end­
aolecules of . the first fermentation step will makE: the link 
process in the second methanoqenic step equally easy. The 
fermentation of lactate~ CH3-CHOH-COOH and ethanol, CH3-CH20H to 
acetate, CH3-COO-, are little-endergonic in their standard state 
and~ hence, tolerate relatively h:qh partial pressures of 
dihydroqen, in . the fermentation medium. The fermentation of 
volatile and long chain fatty acids and aromatics to acetate is 
more endergonic in the standard.state and, hence in these cases, 
the requirement for low partial pressure of dihydrogen is more 
severe. Propionate, CHJ-CH2-COO- is the worst substrate for the 
OHPA bacteria ~rom the thermodynamical point of view. This 
explains ~hy, 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 tro~~le­
shooting. 

When biomethanation is considered in a one-step process, the 
following scenario mu~t be considered.. Under perfect running 
conditions in continuous, completely-mixed ·processes withou~ 
recycle, the fermentation of simple organic soluble molecu::!.es 
will lead only and directly to acetate, CP.3-COO-, dihydrogP.n, H2, 
and inorga~ic 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 n~rmally 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, CHJ-COO-, 
dihydroqen, H2· and inorganic carbon. These compounds are 
substrates for a number of microbial species belonging t~ a new 
kingdom : the archae-bacteria • 

.-.. ! l methanogenic archae-bacteria are temperature-demanding as 
.... ey can usuallly only grow around 35" c in mesophilic conditions 
and arou:ld 55··65" c in thermophilic conditions. Some species are 
t~ermoto~erant and 9rouw up to es· c. 
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J. THE TECIDlOLOGY OF BIOMETHANATION 

. -
The process of "aethanocjenesis has found suitable bioaethanation 
~echnologies to host it. 

First of all, a number of envirolllllental requirements for the 
proper running of these teChnologies aentionned in the preceeding 
section, can easily be met from a technical point of view : 
anaerobiosis or better anoxy (absence of ~ioxyqel), 02) , 
temperatures around 35 or 6o·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 \:hrough link processes onto 
methanogenesis; it can be a~ticipated th~t aethanogenesis being 
open to on extremely ~ide variety of molecules, biomethanation 
will be found suitable for an ever increasing variety of biomass 
substrates. -Indeed. sewaqe s11dge~ animal wastes and most 
aqriculturai wastes, wastewaters of aqro-industries are classical 
substrates for bioqas production by biomethanation. Wastes 
originating from other industries., supposedly more toxic, add 
nevertheles~ every day to the list of potential biomass 
substrates for biomethanation. Biometh~nation of municipal solid 
wastes ia extensively applied. The topic is well documented in 
the literature and wrll not be further detailed here. 

Af~~r digestion, the digested slurry can be disposed of on land 
or used as animal feed. ~hereas little is being published on the 
latter, the former is now well documented. 

Thirdly, 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 >1ay. 

Instead, the reasons why qiven biomethanation technologies are 
most appropriate for given methanoqenic processes will be 
discussed at some length. 

Moreover, it must be noted that, irresp~ctive of the biological 
.constraint~ 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 bioaethanation can be divided 
into two aajor cateqories. In the first one, the batch system, 
the substrate biomass is introduced in one time at the beqinning 
of the process. In a variant vay, the fedbatch systea, the 
substrate biomass is introduced in two or three times but nothing 
is reaoved from the reactor until the end ·of the process. In the 
second cateqory, the con~inuous system, the substrate biomass is 
introduced continuously or inte:naittently; the total volume of 
the mixed liquor remains constant, the digested mixed liquor 
being removed continuously or intenaittently at the same flov­
rate as the substrate biomass in introduced. 

Gas 
,...-

Batch 

In 

FIGURE 5 

OR 

Cont11'\1ous 

Gas 

Fed-Batch 

Gas 

DI.It 



All reasons favor the continuous process over the batch process. 
Froa a biological point of viev, batch processes are alvaya in a 
transient state vhere the proper balance between the various 
aicrobial subccmauniti- in the global .. thanogenic eco9yatea 
reaains delicate at all tiae. On the contrary, cantinuoua 
processes are in a atationary atate vhere th• proper balance 
between the various actions is easier to aaintain. 

Fro• the point of viev of a physical state of the substrate 
tioaass, as long as the aixed liquor reaains •liquid• that is up 
to the slurry-type, continuous systeas are easy to handle. 'l'he 
siaplest variant include the aanual seai-continuows (daily for 
exBlllple) loading of the aethane digester. When the substrate 
bimaass is a solid and reaains so in the aixed liquor, giving 
rise to what is known as dry feraentation, .ven then continuous 
processes are to be preferred to batch procea.... Indeed, and 
namely for urban solid v~stes, continuous technologies are 
reaching the demonstration stage. Only vhen a very siaple 
technology is wanted, as is the case until aniaal aanure with 
bedding in rural areas, can the batch process be preferred to the 
continuous process. Even then, soae fora 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 bioqas production in batch process 
is non modulable and inconstant. In continuous systeas, on the 
contrary, the bioqas production potential remains the saae over 
indefinite periods of time. A production of bioqas, adapted to 
the energy demands, can be modulated by a corresponding handling 
of the loading rate. Indeed, methanogenic ecosystems in 
conti~uous processes can be maintained for long periods of time 
with out 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 so~e 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 
t.o the eas:1 maintenance of the process, will remain widely 
diffused, especially in rural countries and in developping 
countries. 



page 19 

3.2. Active bioaass recycle ? 

----------------------
FIGURE 6 
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Whenever the substrate biomass is a slurry of 7-10 % (wt.wt, dry 
weight) containing a large ;K>rtion of insoluble mat:erial, the 
•ost appropriate biomethanation system remains the continuous, 
completely-mixed methane digester without active biomass recycle. 
It Jt1st be recalled that a slurry remains Newtonian up to 7-10 t 
dry weight concentration. At higher dry weight -~ncentrations, 
t:.~e mixed liquor becomes essentially non-Newtoniz... This means a 
:.ompletely different set of phys ice-chemical laws for mass and 
~eat transfer. This also means a reaction mixture more difficult 
to render homoqeneous. This results in increasing difficulties 
to run the biomethanation process in a reliable way. 

:.·-~t when the substrate biomass is more dilute and contains 
-,;:~:;1tially soluble material, the situation is dif!erent. One of 

.: · .. ~ limiting factors as far as mean t"esidence times are concerned 
in continuous methane digesters, is th& bacterial sp•cific growth 
.·.::t=. In usual cases of biomethanation, hydroqenotrophic 
·~~~r~znogenic archae-bacteria have specific i:;rowth rates, between 
" .. n6 10 days but obligate hydroqen-producinq acetogenic bactei. ia 

:-r. .;;y have longer specific growth rates up to 12-14 days. 
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In the absence of active bioaasa recycle, the aean residence tt.e 
of the active bioaasa ia necessarily equal to the hydraulic aean 
residence tbae. Thia explains Why in continuous bioaethanation 
systeas without recycle, the hydraulic Man residence t1- is 
usually .. intained around 12-14 c!aya. It is possible to run 
continuous bioaethanation ayat- without recycle at lover 
hydraulic aean residence ti.es but the effluent then usually 
contains aaounts of volatile fatty acids increasing vi th 
decreasinq hydraulic aear. residence tiae. 

'l'be averaqe peraissible substrate loading rate, in continuous 
biOllethanation systeas is of 1 kq dry organic deqradable aatter 
per a3 of aixed liquor (vorkinq volae of aetbane diqester) and 
per day. 

1 Jtq dry organic degradable aatter vill produce as auch as but 
not aore than o. 8-1. o a3 of biogas conta~ninq 2/3 of aethane, 
CH4. A large array of erroneous (:auch) larger values are to be 
found in the literature, aainly the older one. 

With aean hydraulic retention tiaes of 14 days, the lowest 
bioaass substrate concentration which still permits t;he optial111 
loadinq rate, is 14 kq dry organic degradable 11attar per •3 
substrate bioaass. In the case of pig 11anure, the conversion is 
about 35 ', that is 35 CJ organic !latter eliainated per 100 9 
influent organic aatter. Bence, optiaua conditions ~or 
bioaethanation of piq aanures in continuous sys~ without 
recycle can only be encountered vith piq aanures vith a 
concentration of 40 kq orqanic veiqht per a3, vhich usually aakes 
so kg dry weiqht per •3 manure. In barns which are reqularly 
cleaned with water, the aixinq of these washinqs to the piq 
manure easily results in auch lower concentrations. 

The only way to overcome these li•itations i'5 to differentiate 
the ·aean hydraulic retention tiae from the aean retention time 
for the active biomass. This is achieved in practice by trapping 
the active biomass in the •ethane digester or by recyclinq it 

· after a sedimentation ( clarif ication-tickininq} step. How this 
is done, vill be discussed in the following section. 

once these two mean residence times are differentiated, the next 
two liaitations to the rate of biOJ1ethanation are the followinq. 
First, there is an optiaua food to •icroorganisms ratio. 
Methanogenic organisms, on an average, cannot aetabolize auch 
more than 1 kq organic deqradable matter per 1 kq orqanic 
suspended sol ids, and per day. Whenever the substrate bimnss 
contains little non-biodeqradable 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 
liquor is limited by the volume which these microorqanisms occupy 
specifically. This is reflected in the Sludge Volume Index (SVI) 
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or volu.e in •l occ:w-.ipied by l CJ dry active bicmass (as dry 
(orc)8Jlic) .. tter). Average concentrations between 10 and 40 kg 
active biaaaas {as drl"' organic 11atter) per •3 •ixed liquor can be 
achieved in practice in continuous bioaethanation systeas with 
active biOll&Ss trappincJ of recycle. This then •eans that organic 
loading rates in auch systells vith active biomass recycle, is 
liJlited to 10 to 40 kg organic degradable .. tter per •3 •ixed 
liquor {digester working volu:ae) and per ·day, values often 
reported in the literat~e. 

The second lJ..itation is the absolute •ini•UJI residence time. 
EVen though the hydraulic •ean retention tiae is differentiated 
troa the •ean resulting frOJl for the active biomass, the aean 
residence ti.lie for soluble substrate •olecules, rellains the same 
as the hydraulic •aan residence the. The shortest mean 
residence ti.lie for soluble substrate 'aOlecules is not yet known. 
:It sboUld be of the order of hours, perhaps lover. Xt surely 
depends upon the nature of the •olecule. 

:It is also •ost propably very short when only the absorption of 
the substrate •olecule by the •icroorqanis. has to be considered, 
and lonqer when both absorption and metaboliS11 by the 
•icroorqanism have to be considered. The former case is 
encountered at lov food to •ircroorqanisas ratios, say between 
O .1 and O. 3, expressed in orqanic .. tter. The latter cas£ is 

. encountered at high food to •icroorqanisas ratios say around l, 
expressed in orqanic :matter. 

3.3. Trapping or recycle of active biomass ? 
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contact p:roces- where the aublltrate bi011a•• i• put into contact 
vith large qwmtiti- of active bioaaaa in a continuous, 
campletely-aixecl reactor and the active bioaaaa subsequently 
decanted in a .. parata decanter are vell known and. moat generally 
um for the aerobic treatment of vaatevatera. It ia thua quite 
noraal that this type of contact proce• _. aJIOllCJ the f irat ones 
to be tested vben the anaerobic treatMnt of vaatevater appeared 
JaOre econoaical. contact process have performance. in practice 
about twice as large as the •illple coapletely-.t.xed continuous 
process Yithout recycle. 

However, the active bi011ass seas to withstand poorly the 
4ecantation step. First, because bioqas evolves within the 
active biomass floes, the apparent density of the latter is often 
below that of water. Bence, in order to exhibit qood 
aedhaentation properties in th• decantation basin, the anaerobic 
floes have to be degassed. 'l'bis is usually achieved by loverinq 
the tmaperature of the -1.xed liquor between the aetbane diqester 
and the active bimaasa clecanter. Tbe recycled active biomass has 
hence, to be reheated. 'l.'be active bioaaas se- to lose a 
substantial part of its aethanoqenic activity in th• process. 

These were sufficient reasons to trap the active biomass vith the 
aethane diqester itself, a point vbicb will be discussed fUrther 
in details below. 

3.4. Sludqe beds, fixed beds or fluidized beds ? 

--~--------------------------------------

FIGURE 8 
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Pixed beds are processes in which the active bioaass is trapped 
as a fixed fila on a biologically non-active aatrix. Pixed-beds 
an also well-known though 1- used in the aerobic treabent of 
vaatevatera where they carry the name of trickling filters. 
Katricea can be of all aiz- fram. a fev ca to large blocs. They 
c-.an be of all forms, aoae of th- particularly intended to 
cbannel the liquid flow. '1'hey an aade of various aaterials. 
'!'be 1-portant characteristics of these materials are their 
hydrophily or hydrophoby, their internal porosity, their 
adsorbing potential. Plastic, clay and active carbon are typical 
exuaples of aaterials used as .. trices for fixed-beds. FixE~­
beds can be operated vith an up or a down liquid flow in the 
reactor. 

As early as 1970, one questionned tbe need for a aatrix, the 
porosity of which is around o.5. As an alternative to fixed 
beds, one tried thus a si.Jlilar sy&teJI but vi thout :aatrix and 
called it upflov anaerobic slud.- blanket, UASB. It has been 
found that the active bioaa•• foraed very dense qra_~ules in this 
type of anaerobic upflov digester, the sludge voluae index of 
which vas as lov as 20. As a result, very high active biomass 
concentrations per unit working volUJ1e could be achieved, up to 
50 kg dry organic aatter per a3. Bence, vecy high loading rates, 
of the order of 50 kg of COD per al of digester working volume 
and per day were obtained but not in a regular and reproducible 
vay. 

The relative instability of the dense active biomass granules 
still remains the weak point of the UASB process. Floes with a 

· sludge volume index of 50-100 are easy to maintain for lonq 
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 tranf ormation of granules into floes 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 bioqas is trapped below this area. SecondlJ, the 
·.lpper part of the reactor is equipped either with a fine-mesh 
=!eve or with a lamellar decanter. Thirdly, the upper part of 
~~e reactor consists.of a fixe6-bed. The simplest way to achieve 
this is to use floating polyaer sponges. 

:--:·.a idea to "help" active bioaas• floes to gain density with 
aanse aicro-carriera gave ri•• to the fluidized bed proce••· In 
~his procesa, the active bioaa•• i• allowed to grow •• a thin 
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fila around beavy particlu like sand~ of 0.1 to l - average 
di-ter. other -teriala bave been proposed , naaely active 
carbo.."l. As an alter!'ll!t;!v., the aicrobial floes are allowed to 
incorporate a large m-Mr ot mller heavy particlu, the aise 
of which ! tu between 10 ancl 70pa. In the latter cue the 
aicrobial floes are "aicro-canier' -i•ted•. In order to allov 
th- active bia.aaa •grains• to vork properly, the upflov 
velocity of the liquid in the reactor auat be increased, 
eventually with the aid of an additional recycle, untill the 
fixed bed expands or fluidizes. 

At the present thae, fixed beds are the aost robust process, 
upflov anaerobic aluddge blankets, the llO&t perfor11ant processes. 
Both are presently well iapleaented throughout the world, 
essentially for treating agro-induatrial vaatevatera. Dilute 
Mnures and ertracts froa solid bi011asses will beCOJle the next 
targets. Fluidized beds reJ1ain 110re delicate and 11ay well be 
better suited for aore sophisticate biotechnological processes. 
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The overall biological process of methanogenesis consists of two 
main biol0t;!cal sub-processes : acidogenesis and methanogenesis. 
It has therefore often been p~oposed 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 erroneous 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 
?recess. These cases will be summari~ed here. 

First, when the fermentation of given substrate bi~mas£es is not 
only an a_cidoqenesis 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 
'::.~.a elimination of a substantial part of the potential acidity as 
<. , : in the qas phase. This is often the case with green plant 
material and wastewater• from agro-industries, namely sugar 
;;.:·etineries. · 

I I I 
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secondly, vhen tn~ &~st.rate .biOllAss i• a solid, it may be 
advantaqeous to orqan:.ze a first step to transfora tlie solid into 
a liquid or to extract a liquid froa the •olid. :In these cases, 
the first step will often be a puTely physical step or a combined 
phyaical-bioloqical step. In this cateqory of first ateps, the 
bancUinq of the solid portion of the bioaass and the operation of 
the process dealinq with this solid portion .. Y differ froa the 
bandlinq of the liquid portion of the bioaass and the operation 
of the process dealing vitb this liquid portion. Percolation of 
solid urban waste is a classical exaaple of this category of 
first step. 

Thirdly, a sbple first step is often set up for technical 
reasons. Whenever the supply of the waste, naaely a wastewater, 
varies vitb tiae both in flow-rate or in quality (charge) then an 
equalizinq basin off era a •buff er• and allows a aore steady 
loadinq of the aethane reactor. In this equalizillCJ basin, not 
only does the bioloqical process of feraentation occur but solid 
material 11ay sriaent and be collected to be treated aeparately. 

It should however be recalled that transfer of large uounts of 
dihydroqen, 82, under low pressures of dihydroqen, is the central 
link between the fer11entation action and the aethanoqenic action 
and that this phenoaer~on may iapair with step separation of 
bio11ethanation. 
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!-1040 BRUIELLES 8EL61Uft 

TELEI : 22733 
TELEPHONE : 32/2/5137857 

I 

:JllVERSITE CATHOLlllUE DE LOUVAIN-LA-N. 
Doctor ant 
Unitf de &fnie Biologique l&EBI) 
Place Croix du Sud, 1/9 
8-1348 LOUVAIN-LA-NEUVE BEL61Uft 

TELEI : 59037 ucl b 
TELEPHONE : 32/10/433655 

UllYERSITE LIBRE DE BRUIELLES 
Assishnt 
Institut de ftfcanique Appliqufe 
Avenue Fr. Roosevelt, 50 
8-1050 BRUXELLES BEL61Uft 

TELEX : 
TELEPHONE 32/2/6422671 

LABORATOIRE REl&NIER SA 
Docteur en Science 
Rue du Rfservoir 6 
B-1330 RIXENSART BEL61Uft 

TELEX : 62591 
TELEPHONE a 32/2/6540508 

ARBIOS SA 
Dr. en Science 
Avenue Paul Pastur 361 
8-6100 ftONT-SUR-ftARCHIENNE BEL&IU" 

TELEX : 51593 
TELEPHONE : 32/71/437934 

CENTRAl ~ZUCARERA DE TARLAC SA 
Assist.Production ft1n19er 
Head Office, JCS Building 
119 De La Rosa tor. Alvarado .street 
Legaspi Yill19e, "AKATI 
"ETRO "ANILA PHILIPPINES 
TELEX : 
TELEPHONE : 8183911 



VEROU6STRAETE Anne 

VRIENS Luc 

MALOT Thierry 

NAN6 YI-YON& 

WINTERBEECK Ch. 

PA&E 9 

UNIYERSITE CATHOLIDUE DE LOUY~IN-L~-~­
Chef de ProJet 
Unitt de 6tn1e Biologique l6E81) 
Place Croix du Sud, 1/9 
8-1148 LOUVAIN-LA-NEUVE BEL&IUn 

TELEI : 59037 ucl b 
TELEPHONE : 32tl0/43l655 

ARTOIS BREMERIES EN61NEERIN6 S~ 
RH Engineer-
Vaartstraat 137 
B-3000 LEU~~H BEL61U" 

TELEI 64260 
TELEPHONE : 32/16/247502 

UNIVERSITE CATHQLIQUE DE LOUVAIN-LA-N. 
thercheur 
Unit• de 6tnie Biologique CGEBI' 
flace Croix du Sud, 1/9 
B-1348 LOUYAIN-LA-NEUVE BELGIU" 

TELEX : 59037 ucl b 
TELEPHONE : 32/10/413655 

HINISTRY OF LIGHT INDUS7RY 
Director 
Scientific Adainistration Off ice 
3 Fucheng Road 
BEIJIN6 - CHINA 

TELEX : 4490 
TELEPHONE 894402 

UNIDO 
Division of Industrial 
Operations/ Cheaical Industries &ranch 
P.O.EJOX 3(1(1 

A-1400 VIENNA AUSTRIA 

TELEX : 135012 
TELEPHONE : 431222/2631395b 

AD".~EN. DE LA COOPER. AU DEVELOPPEnENT 
Adai~istrateur Gtntral ai 
Placf du Chaaps de Hars 5 Bte 57 
B-1050 BRUXELLES BEL61UH 

I 

TEUt 
TELEPHONE 

I 
321215190211 



llISSOCO &uy 

• 

PA&E : 

CIE J.VAN LANCKER SA 
Adainistr•hur 
Ru• d•s Dr•piers ll/ll 
9-lOSO BRUIELLES 8EL61Uft 

TELEI : 22109 
TELEPHONE : 32/2/5130674 
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