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This seminar has been made possible by the organization and 
active participation of: 

- services of the United 
Organization (UNIDO} 

Naticns Industrial Development 

- the Minis~ry of Foreign Affairs (United 
International Organization Board) \France) 

Nations and 

- the Ministry of Industry and Foreign Trade (France) 

with the assistance of: 

- the Regional Council of Nord-Pas-de-Calais (Lille) 

- the Agence Francaise pour la Maitri_~ de l'Energie (AFME) 
(French Agency for Energy Management) 

the Agence pour la Cooperation Technique, Industrielle et 
Economique (ACTIM) (Technical, Industrial and Economic 
Cooperation Agency) (France) 

- the Agence Nationale pour la Recuperation et !'Elimination 
des Dechets (ANRED) (French Agency for the Recovery and 
~emoval of w~ste) 

- the Centre Francais du Commerce Exterieur (CFCE} (Foreign 
Trade Board) 

ThP. minutes of the proceedings of the seminar were written by 
Mrs Francoise Mas, AFME consultant, with the assistance of 
UNIDO's French office. 

The foreword was written by Mr Yves Lambert of the AFME. 
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FOREWORD 

The Consultative Committee on the use of agro-food. by-products 
as sources of energy met in LilJ.e (France) from 12 to 16 
November 1984. Set up ou the initiative of France and the 
United Nations Industrial Development Organization (UNIDO). 
this Committee was one of the first in the world to put into 
practice the recommendations of the Programme of Actiun laid 
down at the United Nations Conferenr.e on new and renewable 
energy sources. held in Nairobi in August 1981. 

This meeting of the Consultative Committee had been planned 
since 1983 with the following theme: "Energy Utilization of 
Agro-food Industry By-products". The theme appeared the most 
fitting. given the need to embrace the transfer, adaptation and 
application of new technologies and to accelerate the use of 
biomass resources for the production of energy, without losing 
relevance for the largest possible number of less developed 
countries CLDCs). 

Purpose 

- to identify · and promote those i:ive~-t.ment projects invcl ving 
the conversion of agro-food by-products into energy for which 
earlier studies had demonstrated economic and technical 
advantages; 

- to determine the possibility of carrying out feasibility 
studies into those of the projects mentioned above whose 
technical feasibility has been demonstrated by pilot plants; 

- to determine the possibility of further development (prQcess 
and installation studies) with a view to setting up 
demonstration plants in those areas wh~re the industrial 
application of the techniques appears justifiable. 

Preparation 

In preparation for this meeting, France responded to the 
initiative of her Ministry of Foreign Affairs (United Nations 
and International Organizations Board) to seek the 
participation of representatives from various organizations: 

- the Agence pour la Cooperation Technique, !ndustrielle et 
Economique (ACTIM) (Technioal, Industrial and Econ·Jmic 
Cooperat~on Agency) {France) 

- the .~ence Fre.ncaise pour la Maitrise de l' Energie ( AFME) 
( F::ench Agency for Energy Management) 



- the Agence Nationale pour :i..a Recuperation et l'Elimination 
des Dechets (ANRED) \French Agency for the Recovery and 
Removal of Waste) 

- the Centre Francais du Co1DD1erce Exterieur (CFCE) (Foreign 
Trade Board) 

- the Regicnal Council of Nord-Pas-de-Calais (Lille) 

- the Ministry of Industry and Foreign Trade (France) 

- the Cooperation at:'d Develop~Ent Board of the Ministry of 
Foreig~ Affairs. 

UNIDO (Vienna) assi~ted in the £reparation of this meeting 
through the very cl'Jse collahor~tion of its Paris office. 
UNIDO took the responsibilit~, of informing all Member States of 
the United Nations as to t~e ~heme and timing of the meeting, 
in an effort to gauge interest in the subject and to request 
preliminary details of the pt"o.5ects that might be of relevance 
to the Com~ittee. 

In this way it was possible to make a preliminary selection of 
some twenty countries and tr; discuss their projects or proposed 
projects .,,ith them. Fran..:·~ i::.rd UNIDO sent representat-.)_ves tl,; 
most of tbese cour.tries tG i"1ake an cveral 1 survey of the 
projects, and to make a pr~liminary analysis of th~ir technical 
and economic aspects. 

At the sam~ time, the AFM~ ccmmissioned the French consultancy 
group, SEHA, to produce ·'i summary report on the use of the 
various a(r.:>-food by-pro..i•~cts as sources of energy 

Participants 

In an effort to combinP di3cussion of these projects with a 
chance of arousing intet>est from potential contractors and 
financing institutions, the Committee invited the fo~lowing 
three types of represeotati•'e to take part in the meeting: 

- overseas nat!. :-t'als with direct involvement in the project(s) 
presented by r:.neir couutries~ representatives of public
se~tor or f;:·iva.te-sector industry or civil servant.;; 
responsi tilr:: f·:n: the development and promotion of the use of 
biomp.~·;~ a!':. , .. ~: t....,,.:rgy ~:;ource; 

- represo:.o':-ti,,.e.; of French industry and financin~ institutions 
able ;_ .J i·,, .";:..,.-n(~ to the technical, economic and financial 
questioni:: ! - .:,l by project ir·:. tiators; 



- representatives of 
other organizatio~s 
Bank. 

official French organizations. 
of the United Nations, and the 

UNIOO, 
World 

The Meeting 

The Nord-Pas-de-Calais Region (France) offered to organize and 
to meet the costs of organizating the meeting, and to cover 
t~avel expenses for representatives from developing countries. 
The meeting of the Consultative Committee was held in Lille 
from 12 to 16 November 1984. 

Presentations of the different technical subjects and of the 
pcojects tnemselves were of very high quality, and provided 
opportunities for the participants to meet each other and 
discuss the possibility of working together in various areas. 

The Consultative Committee was the first Committee of its k:~d. 
and, through the active participation of representatives of the 
worlds of industry and finance, will have made it possible to 
sow the seeds of fruitful cooperation in the agro-food sector 
and in the use of by-products from agro-f ood industries as 
sources of ener~y. Indeed, alongside the plenary assemblies of 
the Committe~. an exhibition was organized with the 
participation of about a dozen indu~tries, and conference rooms 
were made available for smaller meetir.gs. 

Results 

Summary rep~rts dealing with the different conversion 
processes, examples of earlier projects and the potential of 
each by-product were distributed during the meeting and were 
later circulated more widely. These reports can now be updated 
as and when the pro,jects initiated by the Consultative 
Committee materializ~. 

Indeed, several ~f the projects presented to the Consul~ative 
Committee are now nearing completion, as a result of bilateral 
or multila~eral financing arragements. 

The speeches given 
considerable interest, 
UNIDO, are reproduced 
proceedings. 

curing 
and, in 
below 

the Lille seminar were of 
accordE'l.nce with the wishe~ of 

in the full minutes of the 
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NELCOME AND OPENING SPEECH 

by Mr Noel Josephe, Chairman of the Regional Council of Nord
Pas-de-Calais 

Ladies and Gentlemen, 

It is a great pleasure for me to welcome you to the Region of 
Nord-Pas-de-Calais and to Lille, capital of Flanders. 

It is a great honor for me to open a meeting that brings 
together such a large number of eminent people from all over 
the world, from throughout the nation and from every corner of 
the region. 

First I would like to off~r an especially warm welcome to the 
36 official representatives and delegates from overseas 
countries, some of whom have traveled great distances to be 
with us here today. Twenty of you are from Africa, 7 from 
South America, and 9 from Asia. 

Leaders of the many countries that you represent (whose 
national flags are symbolically flying in this conference hall) 
are responsible for a large proportion of the population of our 
planet. 

It is thus a great plea!';ure for me that your countries have 
accepted the invitation made jointly by France, UNIDO and the 
Nord-Pas-de-Calais Region to take part in this detailed 
discussion of a theme so vital as the role of energy in 
investment projects in the agro-food sector. 

I would like to offer my sincerest thanks to you, and to your 
respective governments, to have come to our region to take part 
in this meetina. 

I am also very conscious of the fact that several senior 
international civil servants have paid us the honor of being 
present at this meeting, and, in particular: 

- Mr Larre, Director of the Industrial Office of the United 
Nations Environment Program; 

- Mr Faidley, as representative of the United Nations Food and 
Agriculture Organization in Rome, who is in charge of 
coordination of the "Energy and Environment" program; 
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- Mr Hadj-Sadok. Director of New and Renewable Energy Sources 
at the United Nations in New York. 

I would now like to thank the initiators and co-organizers of 
this event: 

- Mr Pierret. Director of the United Nations and International 
Organizations Board at the French Ministry of Foreign 
Affairs, and Mr Biraud, Head of the Economic Division; 

- UNIDO {Vienna), represented by Mr Maung, Director for the 
Chemicals Industry, and Mr Baum, Consultant and former 
Director for Ener~y and Raw Materials at the United Nations 
in New York; 

- Messrs Jeanroy and Gonbert, Director and Deputy Direct~r of 
UNIDO's office in France; 

- Mr Lejeune, Deputy Director of the Agence pour la Cooperation 
Technique, Industrielle et Economique (ACTIM); 

- Mr Chartier, Scientific Director of the Agence Francaise pour 
la Maitrise de l'Energie CAFME); 

- Mr Mettelet, Deputy Director of the Agence Nationale pour la 
Recuperation et l'Elimination des Dechets CANRED). 

I would also like to thank representatives of companies and 
financing institutions, and particularly those from the Nord
Pas-de-Calais Region, for their clear determination to take an 
active part in today's proceedings. 

Might I finally take this opportunity 
concillors and the many persons that 
personal interest in this meeting by 
opening session. 

of thanking the regional 
have ~emonstrated their 
their presence at this 

To have been called upon to 
Consultative Committee is thus a 
is also a great privilege fer the 
privileged for two basic reasons: 

open this meeting of the 
gre.~t personal honor, but it 
regi~n T represent. We feel 

- It is the first time that the Consultative Committee has 
organized a meeting with participants from several continents 
and in, so doing it has taken on genuinely worldwide 
dimensi,ons. 
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It is also the first time that UNIDO and a national 
government have accepted the challenge of harnessing the 
vital force of a regional community to organize an event of 
this magnitude within that community. 

I would like therefore 
representatives of the 
thank them for having 
host, and, to a large 
Consultative Committee. 

to pay particular respects to the 
French government and of UNIDO, and to 
chosen the Nord-Pas-de-Calais Region to 
extent, to organize this meeting of the 

In response to such a show of confidence, the Regional Council 
and its various departments have, as you will no do~bt be 
aware, left .no stone unturned to ensure the success of this 
meeting. My personal feelings are that the far-reaching 
relevance of the meeting and the quality of its participants 
are already a guarantee of its success. 

When our region offered to organize this meeting, we did of 
course have a number of well-founded and objective arguments to 
put forward. 

Our first attribute and the presence here today of a large 
number of company directors from the region is living proof of 
this -- is the fact that the Nord-Pas-de-Calais is one of 
France's very top regions in the a.gro-food sector. Our leading 
position in this sector is not only a result of our 
agricultural production, but also because of the quality and 
dynamism of our industrial companies end our engineering and 
service industries. 

Secondly; the Nord-Pas-de-Calais Region has already enjoyed a 
close working relationship with the French office of UNIDO. 

Here I am making particular reference ~o the work we have 
ca:-ried out with the delegates of . .>:-ious countries, for 
example from Senegal, who organized an official visit of 
elected representatives and representatives of regional 
industries in early 1984. 

Finally, organizing 
was an opportunity 
in an effort ~o 
directions: 

the Consultative Committee meeting in Lille 
that the Regional Council intended to seize 
make very considerable progre:;s in two 

- Firstly, the 
French off ice 

strengthening of our collaboration with the 
of UNIDO. In this respect, I am delighted to 
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see that the six delegates currently posted to the Paris 
office are among the overseas representatives we are 
welcoming today. 

I cannot resist taking this opportunity to express my 
pleasure in welcoming the two delegates from the Peoples' 
Republic of China, and in pointing out that my pleasure is 
all the more acute for having led, hardly two weeks ago, an 
official visit to China of elected representatives, 
industrialists and engineers from the region, in order to 
sign the twinning charter with the municipality of Tianjin, 
and to consolidate cooperation agreements for the 
exploitation of its mineral resources. 

- Secondly, this meeting is an opportunity for us to develop 
cooperation, and particularly industrial cooperation, between 
regional companies or organizations and partners in less 
developed countries. 

In addition to the work that has been carried out ry the 
region, mention should be made of the joint action thit has 
been taken with Algeria, and, more recently, with Cameroon. 

Politically speaking, we wish to develop those of our 
activities that involve decentralized cooperation. These 
activities fit into a broader framework whose basic principles 
I should like to outline here. 

The first point involves the coordination between cooperation 
in which the region intends to become involved, and the policy 
of international cooperation followed by central government. 

The Regional Council's 
the region should not 
should either work in 
majority of cases, act 
fashion. 

position in this respect is quite clear: 
compete with central government, but 
ass~ciation with it, or, and in the 
in an autonomous and complementary 

In this area, our field of activities is vast. 

As an institution, the region is particularly well prepared -
in terms of operational capabilities, for example -- to respond 
to the needs that are increasingly often expressed by 
communities in developing countries: regiuns, provinces, or 
lar~e urban areas. 
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An adequate response can very often only be found through local 
partners such as chambers of commerce, companies, universities, 
research centers, specialized. training institutes, etc. 

I would now like to discuss another side of the question, 
devoting rather more time to this aspect since it is likely to 
be of greater interest to the overseas representatives with us 
here today. 

This aspect involves the cooperation policy of the Nord-Pas-de
Calais region, and more particularly its approach to 
developmen~-related problems and its conception of its 
relationship with its overseas partners. 

In a few moments Mr Pierret, Director of the United Nations and 
International Organizations Board at the Ministry of Foreign 
Affairs, is to outline the main features of France's 
international cooperation policy. I will thus restrict my 
comments to those points that seem to me to be essential. 

How can a Regional Council such as ours and heee I am 
referring to the political forces that make up the Council 
fail to identify with the sentiments expressed by the President 
of France at Cancun, and pledge unconditional support for the 
principles for action outlined by the Head of State on that 
occasion? 

this point, I should like simply to q·.Jote the 
of that speech by Mr Francois Mitteraud: "My 
that as far as France is concerned, wa must 

To illustrate 
closing words 
conclusion is 
endeavor to 
paying the 
parts." 

bring more unity to this world of ours, while 
closest repect to the diversity of its component 

In this respect also, the Regional Council's position is quite 
clear. I would like to use this opportunity to stress the fact 
that the Nord-Pas-de-Calais Regional Council has always 
considered this meeting of the Consultative Committee as an 
excellent chance to further the North-South dialog, in 
admittedly limited proportions, but in concrete terms and in 
the knowledge that it will serve as a valuable example for 
future action. 

I would add that, by acting in this way, the region is 
conscious of following the path laid down by the United Nations 
Conference on new and renewable energy sources, held in Nairobi 
in August 1981. The region is eager to take this opportunity 
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of contributing to the implementation of the guidelines set 
forth by that Conference. 

I would now like to mention our own conception of cooperation, 
particularly industrial CL3peration, with our partners from 
overseas. 

The mainstays of the policy of the Nord-Pas-de-Calais region in 
this respect are as follows: 

- The Regional Council intends to call upon the participation 
of companies in the region in the support of new industrial 
projects by handling our partners' requests for~ 

- professional training 

- adaptation of products and processes 

- support for industrial technology transfer. 

- The region will give priority to those industrial projects 
that stress the importance of: 

- linking industry with agriculture 

- meeting local requirements 

- integrating the project in the relevant sector of activity. 

Finally, the Regional Council is motivated by two major 
concerns: 

- Industrial relationships must be mutually beneficial. 
Industrial policies must thus be profitable for the foreign 
countr,- involved in any cooperation project, yet remain 
compat.;_ble with the interests of companies in the region. 

- Full importance must be attached to the integration of 
projects in genuine industrial development strategies based 
on the priority objectives of partner countries. 

At the beginning of my speech, 
powerful term "vital" -- to 
Reminar. 

I intentionally used a very 
describe the theme of this 
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Ind~ed. here ~e have an exceptional opportunity of exa~ining 
together the po~sible solutions to such basic problems as food, 
ind~strializa1 ion, and energy management, as well as the 
synergy that .. .ill exist between the various aspects ,)f l hese 
solu-:.: io::is _ 

I can assure the overseas representatives here today that the 
French companies they v;_ll have the chance to meet and speak 
with -- a·1d pa.rticular~:,. those from the Nord-Pas-de-Calais 
region -- t.ave in the:r midst some of the most competent and 
£xperier.c&cl experts in ~atters connected with energy management 
and tC..e d i_ffsrent techniques for using agro-food by-products as 
sourc~a of energy. 

I am ~ersonally very well aware -- es of course is the entire 
Nord-Pas-Ce-Calais region -- of the energy problem. For one 
year I chai.:ed the government-sponsored Long Term Energy 
working p~rty, and I was particularly struck by the very size 
of the stakes involved in this problem, from technological, 
industrial and economic viewpoints, but especially in its human 
dimension. 

I am sure we will all agree on the importance of the the 
humanitarian aspects underlying the questions you are going to 
examine at this seminar. 

Let me quote 
wood.fuel and 
hectares that 
existence of 
jeopardized by 

just one example: the problem of the use of 
the very rapid desertification of millions of 
it leads to. Thus, at this time, the very 
millions of human beings is increasingly 

the need to meet even basic energy needs. 

I have no hesitation in emphasizing the responsibility of rich 
and developed countries in the face of these dire p~oblems of 
hunger and poverty. 

My dearest wish is that we can, over the coming days, work 
together to pinpoint ways of establishing genuine food security 
throughout the world on a durable basis. 
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I wish you a pleasant stay in Lille, a city full 0f life, as 
you will discover, that is more than re&dy to you offer you the 
warmest of welcomes~ 

I am convinced that this week will be extremely enriching for 
ycu, and will be a source of hope for the success of your 
respective projects. 

I declare this meeting of the UNIDO Consultative Committee 
open. 
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SPEECH BY MR ALAIN PIERRIT 

Director, United Nations and International Organizations Board, 
Ministry of Foreign Affairs (France) 

Mr Chairman, 

It is my honor, on behalf of the French governm·"'nt, to thank 
you for your region's gen6rous welcome on this c -·,ion. This 
seminar is one of the most original events ever ~-~.lllized by a 
Member State of the United Nations in conjunction with a 
spacialized institution, with a view to co~solidating solu~ions 
to a prohlem that concerns the countries of the North as well 
as countries of the South: the rational and efficient use of 
energy. 

I would also like to thank repr~sentatives of the United 
Nations Industrial Development Organization, who will be able 
to explain in greater detail the reasons behind the choice of 
theme for this seminar, and who have been very closely involved 
in the preparation of this important or.easier:. 

Finally, I wish to offer es~ecial thanks to the participants 
that have come from all over the world to prove to us that 
energy problems concern each and every one of us, and to help 
us improve our understanding of their needs in this sector. 

Ever since pe·trolaum has ceased to be considered as an 
essential and sometimes almost exclusive source of energy, the 
mobilization of the resources required to implement projects 
and programs involving new and renewable energy sources has 
been one of the principal questions examined on various 
occasions at intergovernmental level. 

The Nairobi meeting of the United Nations conference on new and 
renewable energy sources held in August 1981 was an opportunity 
to broach the subject and to lay down a Program of Action, the 
implementation of which has since been regularly reviewed by 
the Committee at its two-yearly meetings. 

I should like to take this opportunity of. outlining the 
standpoint that France has adopted on this matter of great 
concern to international organizations. I should also like to 
demonstrate to you the originaiity of the Consultative 
Committee that is meeting this week in your city. In this way, 
I shall indicate the directions that we feel ought to be taken 
to ensure the success of an energy management strategy within 
the broader context of industrial development. 
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One of the keystones of the Nairobi Program of Action was the 
need for national and regional planning initiative to attach 
prio~ity to energy requirements by mobilizing existing 
financial resources as efficiently as possible, and by 
economizing both currency reserves and physical resources when 
availability is limited. Since the question concerns 
developing countries, a multilateral approach was clearly the 
mos~ suitable response, and it was of particular interest to 
utilize the resources offered by United Nations Funds such as 
the UNDP and its special energy account. It will not, be 
possible, however, in the face of the c·~ntinuing worldwidA 
crisis we are experiencing, to generate significant levels of 
new resources. Nevertheless, the idea of North-South 
cooperation could be applied in concrete terms in this 8rea 
through the transfer of knowhow and the improvement of 
resources already existing in a large number of countries. 

France has naturally attached great importance to these 
principles, which have played a con~tant role in the 
formulation of her own policy on cooperation and development. 

One of France's earliest projects in this respect was the 
Programme Sahel - Energies Nouvelles launched in 1976. Since 
then, national instit1Jtions such as the Fonds d'Aide et de 
Cooperation, the Caisse Centrale de Cooperation Economique and 
the Treasury Department itself have provided significant 
amounts of State aid. 

At the present time, we are striving to master the energy 
problem in all its known dimensions. France has thus shown 
considerable interest in setting up energy projects in urban as 
well as rural 4~eas, in Africa, Asia and Latin America, 
involving not only direct bilateral coope~ation but also 
participation in the implementation ~r projects financed 
through multiple sources and by institutions with regional 
vocations such as the Asian Institute of Technology in Bangkok, 
whose solid reputation is now well proven. 

It transpired, however, that existing models required lengthy 
and costly procedures and that they did not allow for 
sufficient accuracy :n the identification of needs. Aiming to 
further the application of the Nairobi Program of Action, 
France took the initiative of proposing to organize 
consultative meetings ~t national level, regional level (as 
defined by the United Nations) and worldwide level. All 
competent bodies within ~:1e United Nations system were invited 
to take the necessary steps to offer effective assistance in 
preparing this original approach to joint action, and in 
ensuring the eventual succe~s of this action. 
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The basic tenet of the Consultative Committee is the idea of 
technical assessment of needs and subsequent identification of 
priority projects. Consultative meetings are thus on~ of the 
essential stages in the process if mobilizing resources, and 
they aim to encourage joint action in order to promote and 
support programs linked to energy management. 

The principal role of a Consultative Committee such as the 
committee that is meeting here is to bring those in charge of 
develo~ment in a wide selection of countries intn contact with 
partners that are in a po2ition to help them implement clearly 
def~ned projects. 

Participation is voluntary. Everyone is free to participate, 
and it is for that reason that we can already gauge the success 
of this meeting by the very iarge number ~f delegates present. 
However, it will not be pcssible to accurately measure the 
success of the seminar until a year or two from now, when the 
projects discussed this week have materialized in concrete 
terms. 

Although this Committee is meeting today in France, we should 
not lose sight of its regional and international context. The 
major contribution of the United Nations Industrial Development 
Organization and the knowledge this organization is offering to 
share with us will thus undoubtedly add a very tangible 
dimension to the debates that are to follow. 

This process of mobilization of resources is equally original. 
Depending on the types of project and on the actual conditions 
under which each proje~t is proposed, one can cail upon 
bilateral or multilateral financing institutions, or else seek 
financing from the national resources of the ~uuntries that 
wish to put their new energy schemes into practice. 
Ccordination of these various sources of financing will be a 
result of the contacts ma.de this week or on subsequent 
occasions, as well as the resources of the countries involved. 

I must again stress the feet that the Consultative Committee 
has not been set up for arbitrary reasons. On the contrary, it 
is the consequence of a consensus of opinion reached after 
lengthy reflection and is based on a wish to adopt a joint 
approach to shared problems ·.ind thereby reach valid results. 
The long preparation that h~s gone into this meeting is proof 
of the fact that this type of occasion canraot be improvised, 
and that its success depends on lengthy and detailed 
discussion. In this respect, visits by consultants have played 
a very positive role in shaping a considerable number of 
projects. 



12 

It is thus fair to hope that our Committee will reach 
constructive conclusions which can form the basis of action 
taken under the aegis of other organizations, particularly the 
United Nations Regional Economic Commissions, and which can 
lead to concrete results in terms of the industrialization of 
the Third World, in accordance with the spirit of the Lima 
Declaration and Plan of Action that marked UNIIX>'s Second 
General Conference in 1975. 

The reflection undertaken by the Committee leads me to ask the 
following question: which directions should be given priority 
in the adoption of a strategy for the use of new sources of 
energy, and for energy management in general within the context 
of industrial development? 

In our opinion, no policy on the use of energy resources ~an be 
successful unless it is part of an global energy planning 
program, and unless it is integrated. into development projects. 
On this basis, it has transpired. that agro-food industries 
constitute a privileged sector for a tangible approach to new 
and renewable energy sources. 

Energy management must figure in all energy projects, whether 
they involve urban areas or rural areas. These projects can be 
linked to all manner of other projects, involving construction 
industries or the health sector, for example. A biomass 
strategy has already been laid down, and will be the subject of 
much of the debate that is to follow. This strategy is a good 
demonstration of the need to ensure transition in matters of 
energy. Similarly, the study of woodfuel and reforestation of 
village areas is an essential element of this strategy. France 
has appointed a coordinator of these various aspects of the 
problem, and has thereby demonstrated the interest she attaohes 
to this de,relopment strategy. 

The importance of training should also be emphasized. An 
especial effort is re1uired in this area, and France has very 
extensive experience in the transfer of technology. 

The financing of preliminary investments and technical 
assistance is already part of the responsibility of several 
bodies in the United Nations system, and it is for that reason 
that no new financial committment is needed to lay down a 
genuine energy management strategy. The proposals to promote 
investment through the creation of an energy subsidiary within 
the World Bank Organization were vigor~usly supported by my 
country, not only by relevant bodies ,11t n.ttiona:i. level, but 
also by the President of the Republic himself at the North
South conference in Cancun. 
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In cor.~lusion. as the Nairobi Program of Action ~mphasizes, it 
is first and foremost for individual countries to assume the 
major responsibility of developing their new and renewable 
energy sources and to mobilize their national savings to this 
effect. 

I wish to ~hank you, Mr Chairman, for your kind attention to 
these few observations, and I would like to reiterate my 
sincere wish trat this Consultative Committee may fulfil the 
expectations of all those who have been involved in its 
preparation, and that the subsequent report submitted to the 
United Nations Committee for New and Renewable Energy Sources 
may be considered ~s a fruitful and genuinely helpful 
contribution. 
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SPDCH BY MR MYNT MAUNG 

Director for Industrial Development (Chemicals Industry), 
United Nations Industrial Development Organization (Vienna) 

Mr Chairman, Ladies and Gentlemen, 

On behalf of the Executive Director of UNIDO, Mr Abdel Rahman 
Khane, and on my own behalf, I should like to welcome you to 
this meeting of the Consultative Committee on energy production 
and the manufacture of by-products from industrial waste in the 
agro-food sector, organized by UNIDO in collaboration with the 
French government and with the assistance of the ACTIM, the 
AFME and the regional council of Nord-Pas-de-Calais. 

I am very happy to be here in Lille and to have the opportunity 
of meeting you and making your acquaintance. This week's 
seminar is an exceptional occasion in that it is bringing 
together representatives of the French government, who are our 
hosts today, representatives of French organizations involved 
in the production of energy from biomass, and leaders of the 
Nord-Pas-de-Caluis regional council, who have been kind enough 
to offe~ us the hospitality of their famous and historical city 
of Li1le. 

Present among us are delegates of very high standing from all 
over the world, and, if they have all arrived, thirty-three 
representatives of twenty-five developing countries. Also 
present are representatives of French industry specifically 
involved in the development and use of new techniques for 
produci~J and utilizing energy from biomass. We also welcome 
representatives from certain international development banks 
and other organizations within the United Nations. It is this 
breadth of interests that makes the meeting a unique gathering. 

Before I embark upon the theme of this meeting of the 
Consultative Committee, I should like to say a few words about 
UNIDO and ~bout our activities in the field of cooperation. 
For those of you who are unfamiliar with our organization, 
UNIDO is the United Nations Industrial Development 
Organization. Our headquarters are iu Vienna, and, to date, we 
are sti 11 part of "t'"'e United Nations headquarters in New York, 
although we are about to become an autonomous, specialized 
organization with the same status as the FAO in Rome or ~NESCO 
in Paris. 

I I I 
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UNIDO's mission as stated in its charter is to provide 
assistance to developing countries in their efforts to 
industrialize. One of the principal means of attaining this 
objective is through technical cooperation activities that we 
carry out at the request of the governments of developing 
countries. These activities involve cooperation projects. or 
technical assistance projects as they are sometimes called, and 
include the transfer of knowhow by individual experts or 
consultancy firms, training programs (in the form of grants or 
study leave arranged for professionals from the developing 
countries concerned, or in the form of group courses organized 
in those countries or abroad), and the supply of basic 
equipment ranging from laboratory supplies to small-scale pilot 
factories used for running experiments on new technical 
processes, and including test and quality control equipment. 

In other words, our cooperation activities are based on the 
preliminary investme~~ stage of projects. The f)nancing needed 
for these cooperation activities comes from the United Nations 
Development Fund (UNDF), which supplies 70% of all the 
financing that UNIDO has available for this activity, the 
United Nations Industrial Development Fund (UNIDF) which was 
created after the Lima Conference and is made up of voluntary 
donations from donor States from the developed world as well as 
the developing world, the Special Industrial Services, the 
Regular Technical Assistance Program (PR Fund), and finally the 
Trust Fund, set up by certain developing countries for the 
provision by UNIDO of the technical assistance they require, 
and paid for by the beneficiary government. 

I wi 11 speak (1g'ain_ later about our technical cooperation 
activities, and will quote examples of the use of biomass as a 
source of energy. For the time being, however, I would like 
simply to point to two important features of these different 
sources of financing: it is always granted in the form of aid 
and not in the form of loans. This aid. is always either in the 
form of contributiQns "in kind" or in hard currency, usually 
local currency, allocated by the State or by the public-sector 
organization involved in the technic~l cooperation project. 

Aside from these technical cooperatjon activities, UNIDO 
implements an extensive program of investmen~ promotion, about 
which Mr Jeanroy of the Investment Promotion Service will speak 
to you presently. In view of this program, we have set up a 
number of investment promotion offices in the capital cities of 
several industrialized countries, such as Paris, Brussels, 
Bonn, New York, Tokyo, and, more recent~y, Warsaw. 
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Let me now return to the theme of this seminar. The need for 
such a meeting of the Consultative Committee came to light 
during the Nairobi Conference on new and renewable energy 
sources held in August 1981, and it may be of use for me to 
remind you now of certain passages from the minutes of that 
meeting. 

The United Nations Conference on new and renewable energy 
sources held in Nairobi in August 1981 accepted the idea that 
"the development of new and renewable energy sources involves a 
iarge number of different measures ranging from support 
actions, including the integration of new and renewable energy 
sources into general energy planning strategies at national 
level, and preliminary investments, to capital investment 
commitments for projects and programs. 

'"Support actions involve integrating new and renewable energy 
resources, among other things through the strengthening of the 
institutional infrastructure of the country concerned, the 
gathering of data, instruction and training, research, 
development, demonstration, etc., while preliminary investment 
includes feasibility studies, design programs, engineering, 
etc. 

"Demand for financing for this type of action or activity is 
already considerable, and will increase in the coming years, 
particularly in response to the implementation of the Nairobi 
Program of Action. 

"In addition to financing for support actions and preliminary 
investment aptivities, the promotion of capital investment 
financing for new and renewable energy sources in developing 
countries is of considerable importance.·· 

Concerning the mobilization of the financial resources needed 
to implement the Nairobi Program of Action for the development 
of new and renewable energy sources, the Conferen·~e called for 
"prompt, specific action, in order to finance support actions 
and preliminary investment and investment activities outlined 
in the preparation program for projects." 

The report of the Conference also specifies that "during the 
United Nations Conference on ~ew and renewable energy sources 
held in Nairobi, several countries expressed their willingness 
to release additional resources to finance the development and 
utilization of new and renewable energy sources. In order to 
favor increased financing and to encourage joint financing of 
new and renewable energy sources, the Conference recommends 
that, at worldwide, regional or subregional level, multilateral 
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and bilateral donors and the relevant beneficiary countries 
should, wherever appropriate. plan to hold consultative 
meetings aimed to facilitate concerted action in this field. 
while remaining aware of the need to avoid unnecessary 
repetition and taking full account of national plans and 
priorities. These consultative mee~ings should discuss 
priority areas as defined by the Nairobi Program of Action, and 
should involve in particular the financing of the promotion of 
research, demonstration and development of new and renewable 
energy sources." 

To summarize, the theme of the meeting can be deffned as 
follows: 

- to identify and promote investment projects for the 
conversion into energy of agro-food by-products and waste and 
other usable substances, these projects having been shown to 
be technically and economically viable by earlier studies; 

I 

- to identify opportunities of carrying out feasibility 'studies 
( anal . .:sis of cost/socio-economic benefit) into the projects 
of the region concerned, when the technical feasibiiity has 
already been proven by a pilot or demonstration plant, or by 
a reliable development study; 

- to identify 
process and 
~f pilot or 
a technique 
promising. 

opportunities for new development work, irlcluding 
design studies, and leading to the installation 

demonstration plants in the area where the use of 
that has been proven ~t industrial level seems 

We might have been too ambitious to expect so much from this 
meeting, but it is better to be too ambitious than not'at all. 
We are all aware that it is very difficult to identify and 
prepare investment projects in the field of biomass~derived 
energy, when most of the capital earnings are generated by 
energy savings or by other advantages such as 'reduced 
pollution. The difficulty is not specific to this field, but 
exists as soon as industrial investment in developing countries 
is involved. 

To illustrate this point, I would like to quote the reports of 
a ni.Jmber of international development aid and financing 
institutions. The Center for Industrial Development' of the 
European Economic Commission (EEC) in Brussels has stated that 
"one of the main obstacles to industrial cooperation' between 
the ACP countries (Africa-Caribbean-Pacific) and EEC industry 
is the lack of well documented industrial projects that ar~ 
supported by the competent local p1Jblic-sector or private-
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sector bodies. It is not always possible for the Industrial 
Development Center, with its relatively small staff, to visit 
the countries concerned in order to identify and consolidate 
projects.·· 

Another example is provided by the conclusions of a working 
party examining the activities of the priv~te sector in the 
Caribbean. where it is stressed that "the under-development of 
the private sector in the Caribbean was not a result of the 
lack of resources to finance the activities of the private 
sector. but rath~r of the absence of projects liable to attract 
such financing.·· There are many examples of this type, but I 
shall restrict myself to one further quotation, taken from the 
1982 Annual Report of the Development Financing Corporation of 
the Netherlands (FMO). which points out that "this paradoxical 
situation, where a considerable need for financial resources 
exists alongside an abundance of those same resources, is 
chiefly the result of three problems. This became clear, for 
example, during the first consultative meeting on industrial 
financing held in Madrid in 1982 under the auspices of UNIDO. 
On that occasion, the attention of participants was drawn 
firstly to the major gap that exists in information on 
financing and investment opportunities between sources of 
financing on one hana and the State and industry on the other. 
The second problem i5 the lack of viable, well prepared 
investment projects. Developt..ient banks are clearly not 
prepared t•.:> finance projects that appear to· be neither 
technically or economically viable, nor socially acceptable. 
The third problem that is commonly r~ferred to is the serious 
insufficiency of the means available to cover political and 
economic risks." 

The meeting of the Consultative Commi.ttee is not a customary 
exercise to promote investment, but rather a joint experience 
and a ,joint effort on the part of the French government and 
UNIDO to bring industrial investment projects to light and to 
raise the quality of such proposals in order to enhance their 
chances of finding financing. 

We are convinced of the need from the very outset to bring 
together potential partners from developing countries and 
industrialized countries, in order to favor permanent dialog 
and allow for the preparation and financing of viable 
industrial projects that are to the advantage of all the 
parties involved. 

I wish to stress the f~ct that this approach is just one of the 
ways of attempting to· bring to light industrial investment 
projects in the rel'atively new field of supporting developing 
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countries in their efforts to realize their full potential in 
the production and utilization of biomass-derived energy. If 
it is successful. it can be used again. when the time comes, 
with another group of countries, and with reduced expenditure 
in terms of b0th time and money. 

As you know. we at the United Nations can only act as catalysts 
by bringing together the two parties concerned, and. if I may 
use another chemical metaphor, by setting off a reaction 
between potential partners in the developing countries on one 
hand and French industries and financing institutions on the 
other. Once it has been set off, I hope, this reaction will 
continue without us. 

In conclusion, I should like to thank ~he French government, 
the ACTIM. the AFME and the authorities of the Nord-Pas-de
Calais region for agreeing to cooperate with UNIDO to organize 
this Consultative Committee meeting, and for their generous 
financial support without which this meeting could not have 
taken place. I am sure that the delegates from developing 
countries have come to make a large number of interesting 
propositions, and thus I propose that we all get down to work. 

Thank you for your attention. 
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SPEECH BY MRS TERESINA MARTINET 

Head of Department, Renewable Energy Sources and Rational Use 
of Energy, Ministry of Industry and Foreign Trade (France} 

Mr Chairman, Ladies and Gentlemen, 

On behalf of Mr Malvy, Secretary of State for Energy, and on my 
own behalf, I should like to say how happy I am to be present 
at this first meeting of the Consultative Committee on the use 
of agro-food by-products as sources of energy. 

I should like to say a few words about the approach we wish to 
adopt with developing countries in this field. 

As Mr Pierret reminded us in his speech, France a~ the Nairobi 
Conference, and again during the World Energy Conference in New 
Delhi, exPressed a wish to set up the Consultative Committee on 
new and renewable energy sources. and has taken an active part 
in the organization of this seminar. 

The Ministry of Industry and Foreign Trade, and the Secretary 
of State for Energy have a deepseated belief in the generalized 
necessity of increasing international cooperation through 
providing assistance to developing countries in the energy 
sector. 

This financial and technological assistance aims in various 
different ways, depending on the local context -- to contribute 
to a durable increase in the independent energy capacity of 
developing countries. In terms of bilateral cooperation, 
energy is a priority sector if we are to respond to the wishes 
of those countries. 

Objectives in this field are quite plain: 

- Growth in demand must be palliated through the more rational 
use of available energy. This goal cannot be attained 
without energy planning and relevant training. 

- All national energy resources must be 
possible. This objective involves the 
waste from the agro-food sector, which 
competence of this Committee. 

used as 
use of 

is the 

quickly as 
industrial 
field of 

It would be a mistake to think that only heavily industrialized 
countries need to use their energy rationally. Indeed, if 
national energy reso1Jrces are not sufficient to meet 



21 

requirements, and if energy independence becomes a prerequisite 
for development. less industrialized countries should approach 
the energy question in exactly the same way. 

France can contribute substantially to the achievement of these 
objectives. 

Since the first oil shock in 1973, we have been forced to take 
action to reduce our own energy dependence. 

This action has had positive results: by introducing energy
saving measures and developing national energy production, we 
have succeeded in increasing our energy independence from 22.5% 
in 1973 to close to 40% by September 1984. These results 
illustrate the steady progress we have made towards reaching 
our objectives, namely 50% independence by 1990. 

The advances we have made in techniques and matsrials, and the 
experience of the past 10 years of research, development and 
appli~ation must be passed on, to save the dP.veloping countries 
precious time, and to allow our industries to utilize and adapt 
the knowhow they have·succeeded in acquiring. 

As an example, I should like to refer to the particularly 
encouraging results achieved in the wines and spirits and dairy 
sectors, agro-food industries that have managed to utilize 
their waste products in this way and have thereby witnessed a 
considerable reduction in their energy bills. 

The principal results will be outlined in the presentations 
that are to follow, by representatives of agencies set up by 
the French government in order to implement this ambitious 
program. In the French plan, agro-food industries figure in 
the priority program N°5, and the dynamism they have 
demonstrated is an encouraging example for further action in 
energy management. 

Energy problems encountered within France are clearly not the 
same as those f3ced by the developing countries. On the other 
hand, the problems encountered by our overseas departments and 
territories are more similar, since, in terms of climatic 
conditions and local re3ource availability, they have much in 
common with developing countries. Industry and government have 
worked intensively to solve the energy problems of these 
regions, by adapting technology as well as equipment and 
materials to these nP.w conditions. 

This experience, Ladies and Gentlemen, gives us grounds to 
believe that the capabilities we have acquired over the past 10 
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years are particularly applicable to the current problem, and 
we hope in this ~a.;,· to contribute to the successful use of 
iocal energy sources as a way meet the energy requirements of 
developing countries. 
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SPU:CH BY MR GERARD BIRAUD 

Head of Economic s~ction, United Nations and International 
Organizations Board, Ministry of Foreign Affairs (France) 

Mr Chairman, Ladies and Gentlemen, 

As head of the department that has directed the preparation of 
this seminar over the past 18 months, I can state that our 
concept of the meeting has been subject to continuous change 
and development, particularly under the influence of those who 
have worked towards the accomplishment of the task in hand. 

Despite all these changes and developments, and despite the 
fact that we have a tight schedule, as you can see in your 
progre~ of events, I personally feel that we ar: embarking 
today upon a kind of adventure. 

As Mr Maung said earlier, "This is a unique gathering". It is 
the first of its kind; it is entirely new and original. 

Before I attempt to define what this seminar is, or what we 
hope it will be, I should like to say -- and this is perhaps an 
easier task what it will not be: 

- In spite of the presence here today of representatives of a 
large number of governments, this meeting is not an 
intergovernmental conference aiming to negotiate and adopt 
resolutions on "faits accomplis", sin.:!e the areas we are 
dealing with are developing very ra~idly. Neither are we 
aiming to reach a compromise between necessarily diverse 
interests. Although this me~~ing will give us the 
opportunity of enriching many areas of our scientific and 
technological culture, it is nnt a scientific congress, and 
we should not expect it to .. ~rk a decisive step in the 
progress of man's knowledge -f techniques for the production 
of energy from agro-food by-products. 

Although it has brought together various suppliers of 
technology, particularly industrial companies and engineering 
firms, offering various promising projects {many of which are 
exhibited on the stands that you will be able to visit more 
fully over the coming days), this gathering is not a trade 
fair where each exhibitor attempts to show off his own goods 
while pretending to ignore the qualities of his neighbor's. 

- Neither is it, as United Nations jargon would have it, a 
"pledging conference", that is, a conference where financial 
contributions are announced, and where the success of the 
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conference is gauged by calculating the total financial 
committment and comparing it with the figures hoped for. A 
number of national and international banks and f inancirg 
institut1ons are represented here today, but I am sure that 
they have not come to finalize any immediate committments. 

- Neither is it a political meeting. Yet the presence of a 
number of personalities from the world of politics -- our 
Chairman and a number of elected representatives -- is a fair 
demonstration of the extent to which the subjects we will be 
debating together are of central importance as our 
Chairman Mr Josepha has pointed out so well -- both in terms 
of solidarity and in terms of the industrial development that 
is our common future. 

If our Consultative Committee does not exactly fit any of the 
traditional categories of meeting, it nonethelf:ss has something 
in common with all of them, and constitutes a class of its own 
that is the result of a lengthy process of evolution. 

The idea of Consultative Committees was adopted by the Nairobi 
Conference on the basis of a concept of consultation that has 
been introduced to the Uni~ed Nations system in a quite 
original manner by UNIDO itself. For several years now, this 
organization has at regular intervals selected vari?us themes 
of discussion, and has invited industries, representatives of 
governments and of other organizations and as~;ociations 
involved in industry, from both industrialized countries and 
developing countries, to participate, with a view to promoting 
industrial projects and the industrialization of developing 
countries by identifying mutual fields of interest among 
participants. 

My department wished to follow this model of a very open 
meeting aiming to favor the emergence of projects, and t·::> apply 
it to the development of forms of energy whose viability has 
suddenly b~~~me appar~nt as a result of the massive price 
increase~ that have taken place over the past ten years, a 
viabil:ty we ha1 tended to overlook in our countries in the 30 
or 40 rears sine~ the war and the shortages it provoked. 

However, we felt it was essential to avoid at all costs a 
repetition of the general statements on new and renewable 
energy so,1rces tha'i:; have already -- quite justifiably -- filled 
the columrs of our magazines and been extensively covered by ' 
other med~.a in the press and by speeches at other conferences. 

With the full agreement of the U~IDO Secretariat, we have thus ' 
resolutely directed this meeting towards "the field"', as it ' 



25 

were. Agro-food industries, whose importance is of strategic 
importance in so many developing countries, particularly those 
with an energy deficiency, appeared. to us to be a preferential 
area of application for energy :•reduction. 

how the 
up with 

of two 

Mr Biraud then described 
program had been drawn 
combining discussion 
problem: 

seminar 
a view to 
types of 

- technical processes of energy production 

- agro-food pror.e~ses. 

This week's proceedings will include introductory presentations 
to clarify certain simple points of theory, in an effort to 
ensure a minimum level of basic understanding of the subjects 
under discussion, and in the knowledge that nobody can have in
depth knowledge of all the specialized fields concerned. 

The other basic element of this week's proceedings will involve 
actual projects or proposed.· projects presented to us by 
representatives of developing countries. These projects 
constitute the theme of our meeting today. It is fair to hope 
that tomorrow they will be the tangible proof of the success of 
this week's proceedings. 

The meeting will provide an opportunity for these 
representatives to meet the men and women involved in the 
industries that are developing and utilizing the equipment and 
processes we shall be discussing. They will also meet 
representatives of the regional, national and international 
financing institutions that can play an essential role in the 
realization of their Qrojects .. 

The physical organization of this conference center and the 
timing of our agenda have been devised by our hosts in an 
effort to optimize contacts betwe~n French professionals and 
participants from developing countr ~s. Each representative of 
French industry has been allottec a very short period of 
session time to introduce him- or herself, but the real 
discussions and contacts will clearly ,~ake place en a bilateral 
basis. 

Mr Biraud thert proce~ded to introduce 
individual overseas participants. 

Before closing, I should like, as head of ~,he department that 
has directed the preparation of this semi:aar, to thank all 
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whose contribution has made this meeting 

- financial assistance, that has broadened. the scope of the 
meeting far beyond our initial hopes; 

- human, intellectual, organizational and material assistance, 
with everyone assuming their respective roles, without losing 
sight of the complementarity that was involved. 

The basic tasks were shared by three organizations: 

1) The Nord.-Pa~-de-Calais Regional Council, whose Chairman 
opened this meeting in_ such a perspicacious manner, was 
responsible for all the material and organizational aspects 
of the meeting, down to the minutest details upon which the 
success of such event depends. Here I would like to thank 
all those who have worked with and for the Regional Coucil 
and to congratulate our hosts on the exemplary way in which 
they have succeeded in arousing the interest and involvement 
of the professions concerned. 

2) The ACTIM (Agence pour la Cooperation Technique, 
Industrielle et Economique) was in charge of the 
administration and financial management of this ~vent, and, 
in particular, worked with the Secretariat of UNIDO in the 
recruitment of participants from developing countries. The 
general mandate of the ACTIM is to organize contacts between 
French and overseas professionals in an effort to favor 
technical and industrial exchanges. 

3) The AFME (Agence Francaise pour la Maitrise de l'Energie) 
assumed the substantial and delicate responsibility of 
devising the technical program of this seminar. The AFME is 
responsible for research, development, demonstration and 
information related to areas covered by national and 
international energy policies, and is involved in energy 
manageme~t. the development of new and renewable energy 
sources and economies of raw materials. 

The ANRF.D {Agence Nationale pour la Recuperation et 
l'Elimination des Dechets) has worke~ in association with the 
AFME. The ANRED is a State-run industrial and commercial 
organization operating under the supervision of the Minstries 
of Environment, Industry and Budget. Its mandate is to 
protect the environment from waste-related pollution, and to 
further economize raw materials and energy through the use of 
waste generated by producers and consumers. 
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In conclusion, I would like to stress the importance of the 
role played by the F~ench office of UNIDO, in both the 
conception of the meeting and the choice -- which today seems 
to have been more judicious than e~~r -- of the Lille area as a 
venue for this event. 

Finally, we thank the various French government agencies that 
have been willing to t~come involved in the team of organizers 
which we were called upon to direct. 
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SPEECH BY MR ANDRE LF~ 

Deputy Director, Agence pour la Cooperation Technique, 
Industrielle et Economique CACTIM) 

Mr Chairman, Ladies and Gentlemen, 

I will use the short time allotted to the organization which I 
represent to speak to you about the role played by that 
organization in the preparation of this meeting, and to give 
you a rough outline of the action that the ACTIM would be able 
to take to contribute to the tangible follow-up of the contacts 
thar. will be made throughout this week between future partners 
from France and overseas. 

First of all, however, I would like to indicate briefly who or 
what we are. The ACTIM is a non-profit organization under the 
supervision of the Ministry of Finance and Budget and the 
Ministry of Industry and Foreign Trade. Its board of directors 
is made up of ministerial representatives (50%) and 
representatives elected by our 320 member companies (50%}. We 
are represented. in your countries by our emba~·ies' trade 
consultants 

Our goal is to organize contacts between French and overseas 
professionals in order to favor international exchanges of 
industrial technology. The ACTIM implements bilate=al 
technical cooperation programs OJ behalf of its supervisory 
Ministries and participates in conjunction with the Ministry of 
Foreign Affairs in the implementation in France of the 
multilateral technical cooperation programs of a number of 
international organizations, including UNIDO. 

Let me illustrate our 
information: 

activities with some statistical 

The ACTIM has existed since 1958. Since that time it has 
received more than 50,000 managers and specialists visiting 
France from abroad and sent more than 15,000 experts on 
detachment overseas. 

The af[ency has a staff of 200 in France. 

Its budget is in the order of FF 90 million. 

The role played by the ACTIM in the organization of this 
meeting was as follows: 
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Tha ACTIM has been involved in the preparation, financing and 
organization of this Consultative Committee meeting, as part of 
its technical cooperation program. 

For more than twenty years, at the request of the Ministry of 
Foreign Affairs. the ACTIM bas acted as an executive and 
supervisory agency for the training programs undertaken in 
France by a number of specialized United Nations international 
organizations. This role has engendered a particularly close 
and amicable relationship with the industrial operations 
service of UNIDO. 

It was thus in an atmosphere of close collaboration that 
overseas participants for this seminar were sought. Two 
parallel circuits were set up: UNIDO sent invitations to some 
thirty countries. while the ACTIM circularized our Embassies 
abroad in an effort to enable those persons most directly 
concerned by the themes of the meeting to liaise with the 
offices of the UNDF and local gcv 0 rnment agencies and take part 
in this seminar. At this stage, I would like to thank the 
Nord-Pas-de-Calais region. which has done everything in its 
power to approach the French companies concerned by the 
projects liable to be presented to the seminar in an effort to 
identify the overseas representatives that it would be of 
interest to have among us this week. 

Through these concerted efforts, and thanks to the countries 
and institutions that have covered fully or in part the travel 
and living expenses of their representatives, we are happy to 
have a larger attendance than was initially expected. Further, 
we have great pleasure in welcoming among us delegates from 
UNIDO's Pdri~ office, whose experience in industrial 
cooperation will be highly valuable if our work together is to 
be a success. 

Those of you who have been in contact with the ACTIM over the 
past few weeks, either by letter or by telex, may have the 
impression that the ACTIM is a sort of travel agency, that has 
worked with varying degrees of efficiency depending on the ease 
with which you have obtained your preparatory dossier or 
tickets, or on whether you have been met at the airport or at 
your hotel. It is true that in the division of physical tasks 
among the F~ench organizers, our role in the eyes of those of 
you who come from developing countries has been to a certain 
extent one of conference managers. This is an important role, 
and we are extremely eager to perform it as efficiently as 
possible. The ACTIM will be represented throwghout the 
meeting, and, for some of you, in the days following the 
meeting also, as I had the opportunity of pointing out during 
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the dinner of welcome offered by the region. Mrs Kremer, whom 
you already know, will be available to help you arrange your 
return to your respective countries. 

Having mentioned these practical points, I should like to say a 
word about the technical cooperation activities in the energy 
field in which we are involved under the aegis of UNIDO and 
with the collaboration of the Ministry of Foreign Affairs and 
the AFME. Together we have organized for three consecutive 
years a seminar on energy management in the cement indus~ry. 

Within the same multilateral fraroewoLk, a seminar is starting 
today in Metz on energy savings in the iron and steel industry. 
In the context of bilateral cooperation, a seminar is to be 
held in January 1985 with the collaboration of the Rhone-Alpes 
region, dealing with energy efficiency and the use of new 
energy sources in the agro-food industries of the Mediterranean 
countries. 

I would like to make one incidental remark here to point out 
that the ACTIM has for a number of years put into practice a 
policy aimed to involve the regions of Frar.ce, and has set up 
branch offices in the Rhone-Alpes region, the Midi-Pyrenees 
region and the Aquitaine region. I hope that this event, for 
which the Nord-Pas-de-Calais region has made outstanding 
efforts, will help strengthen the still sporadic links that we 
enjoy with your region, Mr Chairman. 

To return to our activities in technical cooperation, I would 
like to quote the operations that have been carried out ~ith 
the AFME and the ANRED in Central America, Cuba and Colombia, 
in the field of new energy sources, and the cnllec~ion and 
proces3ing of industrial and municipal waste. 

These few examples illustrate the importance of energy problems 
in the programs implemented by the ACTIM, and consequently shed 
light on the role we could play in the follow-up to this 
seminar. 

At this stage, I can say that the ACTIM 
several different ways, and, provided it 
agreement of its supervisory authorities, 
can contribute to the solution of various 
before or after the execution of a project. 

is able to act in 
has obtained the 

the ACTIM's action 
problems arising 

Action to be taken before the project is implemented basically 
involves technical identification studies and other studies 
aimed to allow French and overseas partners to specify their 
industrial cooperation procedures more accurately. Action to 



31 

be taken after the pro._iect is implemented includes the training 
of staff involved in industrial cooperation l'\greements. 

We would like these activi<c.i~s 
financing arrangements set up 
cooperation and development 
Ministry of Foreign Affairs. 
Nord-P3.s-de-Calais regi.:in. 

to be integrated. into the .joint 
by international organizations, 
agencies. departments or the 

Technical Ministries and by the 

Be that as it may. if the technical opinion of the AFME or the 
ANRED is positive, the ACTIM will endeavour to deal with all 
your requests, whether they are from the countries represented 
here or from French companies, since we, like all the 
organizers, wish to see in the short and medium term, as many 
tangible results come out of this seminar as possible. 
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SPEECB BY MR PHILIPPE CHARTIER 

Scientific Director. Agence Francaise pour la Ma1trise de 
l'Energie (AFME) 

Mr Chairman, Overseas Representatives and Representatives of 
international organizations, Ladies and Gentlemen, 

My first task is to give you a brief outline of the Agence 
Francaise pour la Mattrise de l'Energie. 

As you know, France is a country where everything of importance 
must exist in writing. Thus, the simplest way of explaining 
what the AFME is or does would be to summarize briefly what was 
written in its constitution when the agency was founded. 

"The mandate of the Agence Francaise pour la Maitrise de 
l'Energie is to im~lement the national energy management 
policy, that is, to handle all activities of research, 
development, demonstration and information in the energy 
sector. This mandate covers the rational use of energy, and 
new and renewable energy sources." 

Another clause specifies the Agency's partipation, and in 
particular its financial participation, in the drawing up and 
implementation of international cooperation agreements. 

The French government set up the institution in 1982, for three 
reasons, which I think it is important to mention here today. 

The first reason is that energy is b~ far the largest single 
factor in France's balance of trade deficit, representing in 
1984 a total of 185 billion francs (20 biilion dollars). 

The second reason is that our country has followed a new 
regional policy since 1982, and that the energy problem is 
central to this new policy. 

The third reason is that France follows an policy of active 
cooperation with the Third World, and that energy problems 
and how to solve them are important factors in this 
cooperation. 

The technologies utilized by the Agency and the processes it 
seeks to promote {methanization, alcohol fermentation, 
combustion and gasification) are highly relevant to this 
seminar. 
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Rather than discuss each •:if these processes in detail, I would 
refer you to the concrete exampl~s to be found in the technical 
dossier you have with your seminar documents. which provide a 
much Glearer picture of our involvement in this sector. 

However. I would like to devote some time to one of these 
processes: methane production. I have chosen to speak to you 
about this process because I consider it a good example of the 
·~ontribution that biotechnology can make in the energy sector. 
Moreover, since the beginning of the oil crisis, I have been 
specifically interested -- in other capacities than that of 
scientific director of the AFME -- in the emergence of this new 
technology_ 

France has been deeply involved in this area since 1976. In 
1983. 1984 and 1985. the AFME alone has spent 35 million francs 
($4 million) on research into and assistance for the 
installation of the first industrial methanization units. 

This constant and considerable involvement has made it 
possible, among other things, to produce a high-quality 
industrial product. I would like to mention the names of a 
number of industrial companies that have now reached a high 
enough standard to hold positions in the international market: 

- AIR LIQUIDE, DEGREMONT and SGN in the agro-industrial sector; 

- BERTIN, BIOMAGAZ and SATEC in the livestock waste sector; 

- VALORGA in the household waste sector. 
-

I should point out that since 1976 we have been working hand in 
hand with the ANRED, since these problems of methanization are 
closely related to pollution control as well as to the actual 
production of methane. 

Not only have we managed to develop a high-quality industrial 
product, but we have also succeeded in setting up a technical 
and scientific evaluation network that is second to none in the 
world. 

Here I wish to mention the Institut National de la Recherche 
Agronomique, and its Lille laboratory, which is most probably 
one of the world's leading applied research facilities working 
in t~e methane field, as well as professional institutions. 

Another important point: I do not think that we at the AFME 
were in any way surprised at the Je8ision to hold this seminar 
in the Nord-Pas-de-Calais region. The Nord-Pas-de-Calais 
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region is one of the most dynamic of our regional pa~tners, and 
it is c ertai.1ly one of the most ready to accept new 
techn.)logies. 

Throughout this conference, you will be able to approach 
representatives of the Agence Fran~aise pour la Maitrise de 
l'Energie, and in particular representatives of -che 
internatioanl relations department directed by my colleague Mr 
Devin, and representatives of our Nord-Pas-de-Calais regional 
delegation, directed by Mr Radanne. 

I should also like to take this opportunity to say that energy 
problems in industry, and in the agro-food sector in 
particular, will also be the subject of a major conference to 
be held in Paris from 20 - 22 November, where more than 150 
industrial companies will be exhibiting their equipment. 

As time is short, I will conclude this 
wishing success to the projects that 
materialize as a result of this meeting. 

brief 
will 

overview by 
undoubtedly 
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SPEECH BY MR MICHEL AFFHOLDER 

Director, Agence Nationale pour la Recuperation et 
l'Elimination des Dechets (ANRED) 

The Ag·~mce Nationale pour la Recuperation et l' Elimination des 
D~chet5 i~. like the AFME. a public institution set up to 
impiemen~ government policy in its own field. namely, the field 
of -:....-~ste. 

·Th:::; poli·=Y is based on two important concerns: 

- protection of the environment: 

- economic factors. involving the rational use of resources and 
the recovery of energy and raw materials fro~ waste products 
that would be lost were these waste products to be discarded 
regardlessly_ 

I will simply quote a few figures to illustrate the Agency's 
activities. 

~bout 100 persons currently work for the ANRED, of whom two
thirds are engineers and specialists. 

The Agency has an annual budget of around 100 million francs. 

Its mandate is to favor the recovery and removal of waste. It 
fulfils this role in several ways: 

- Firstly, the Agency provides technical assistance to all 
parties wishing to combat waste problems, by suggesting 
solutions that involve producing less waste, making use of or 
recovering this waste, or, if this is impossible, removing 
the waste so as to reduce the negative effects it may have on 
the env:ronment. 

With its team of specialists and its information and 
documentation center, the ANRED seeks to enhance knowledge of 
the field through its publications and expert advice. 

- Secondly, the ANRED participates actively in actual projects 
-- not ordinary projects for the collection and pro~essing of 
waste, but those projects that involve innovative techniques, 
and that involve technological risks or risks linked tp the 
specific nature of the waste and to the market development of 
the raw materials which this waste is meant to re~lace. , 
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The ANRED acts in close liaison with other public-sector 
establishments: 

the AFME, of course, in all areas involving the use of 
waste as energy sources and the recovery of r-aw materials 
from this waste, and, more recently. 

French regional authorities, with which the Agency 
signed contracts for joint action in promoting 
utilization of waste, or, failing which, the removal 
this waste. 

has 
the 
of 

At international level, we have nJt as yet been involved to any 
significant extent. We are a relatively young establishment 
that has so far been working to achieve a level of competence 
at national level, and which has been involved in a large 
number of projects within France itself. 

We have nonetheless begun to develop our international 
involvement. and have received. representatives from abroad who 
have shown interest in France's activities in waste processing_ 
We have provided these representatives with documentation and 
useful addresses, we have organized visits. and we are 
determined to further develop this aspect of our activity. 

In conclusion, I would like to say that you will have the 
opportunity of meeting a number of ANRED representatives, who 
will be called upon to speak at various working sessions during 
tbis seminar. 
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NAME POSITION PROJECT 
----------------------------------------------------------------------------------------------------------------------------------------------------Mr Rosman 
Argentina 

Vice President, 
Bank of Santa Fe 
SANTA FE 

Production of alcohol 
from sugarcane in 
the Province of Santa Fe 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Trepp 
Bolivia 

Project Director, 
Consultora Nacional 
(CONNAL SRL) 
LA PAZ 

Production of fertilizers 
by anaerobic fermentation 
of agro-industrial waste 

-----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Beltran 
Colombia 

Director General, 
National Educational 
Foundation for the 
Development of 
Agriculture and 
Livestock Breeding 
BOGOTA 

Pilot farm for integrated 
pig and cattle 
production using 
agricultural waste 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Kanan David 
Ivory Coast 

Technical Director, 
SODEPALM-PALMINDUSTRIE 
ABIDJAN 

Installation of industrial 
prototype for biogas 
production from 
palm oil mill waste 

--------------------------------------------------------------------------------------·--------------------------------------------------------------
Mr Traore 
Ivory Coast 

Societe Ivoirienne 
de Technologie Tropicale 
( I2T) 
ABIDJAN 

Gasification plant 
operating on parchment 
coffee 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Sery Gale 
Ivory Coast 

Director for Agro-food 
Industries, Ministry 
of Industry 
ABIDJAN 

Utilization of wood waste 
in industry 

----------------------------------------------------·------------------------------------------------------------------------------------------------
Mrs Toka Djegba 
Ivory Coast 

Directorate for 
Agricultural Planning and 
Modernization and 
Utilization of 
Agricultural Products 
and By-products, 
Ministry for Rural 
Development 
ABIDJAN 

Production of energy (gas) 
from forest clearance 
by-products 

----------------------------------------------------------------------------------------------------------------------------------------------------
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NAME POSITION PROJECT 
----------------------------------------------------------------------------------------------------------------------------------------------------Mr Tutor Sanchez 
Cuba 

Specialist in Project 
Analysis and Development. 
State Committee for 
Economic 
Collaboration 
CIUDAD DE LA HABABA 

Production of biogas and 
organic fertilizers in 
livestock centers 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Pou 
Dominican Republic 

Head of Technological 
Coordination Bureau. 
National Commission for 
Energy Planning (COERNER) 
SANTO DOMINGO 

National "forestry farms" 
program for woodfuel 
production 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Khalek 
F.gypt 

Chairman and Chief 
Executive. United Group 
CAIRO 

Urban waste treatment by 
composting 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Issembe 
Gabon 

Deputy Director for 
Research. Ministry of 
Agriculture 
LIBREVILLE 

Pilot plant for 
methanization of poultry 
droppings (electricity + 
incubator heating) 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Camara 
Guinea 

Engineer, General 
Directorate for Agro-food 
Industries. Ministry 
of Agriculture 
CONAKRY 

Utilization of sugarcane 
by-products (Koba) 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Singh 
Indi~ 

Director, Bio-energy 
Division. Non-traditional 
Energy Sourcas 
Department. Ministry 
of Energy 
NEW DELHI 

Utilizaticn of bio-energy 
(by-products of rice. 
sugarcane. etc. ) 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Soeriaatmadja 
Indonesia 

National Coordinator, 
Biomass Ener.iy 
Technologies. Aide at the 
Ministry of State for 
Population and the 
Environment 
JAKARTA 

Uti li,zation of by-products 
from ,the tapioca industry 

-------------------------------------------------------------------------· --------------------------------------------------~-----------------------
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NAME POSITION PROJECT 
----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Jones 
Kenya 

Adviser on Energy 
Conservation and 
Fuel Oil Replacement, 
Ministry of Energy and 
Regional Development 
NAIROBI 

Combustion of cashewnut 
shells 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mrs Razaf indrakoto 
Madagascar 

Head of Programming, 
Directorate for 
Programming and Financing, 
Ministry for Livestock and 
Animal Production, Water 
Resources and Forests 
At.TANANARIVO 

Use of biogas at community 
level 

---------------------------------------------------·-------------------------------------------------------------------------------------------------
Mr Rivet 
Mauritius 

Principal As9istant 
Secretary, Ministry of 
Energy and Internal 
Communications 
PORT LOUIS 

Electricity production from 
bagasse 

-------------------------------------- ------------------------------------------------------------------------- -----------------------------------
Mr Saharunden 
Malaysia 

Director, Raw Materials 
Processing Department, 
Federal Land Development 
Authority (FELDA) 
KUALA LUMPUR 

Methanization of liquid 
waste from oil palm mills 
for electrification 
of rural areas 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Zabi 
Morocco 

Secretary General, Comite 
de Developpement des 
Energies Renouvelables 
(CDER) 
MARRAKECH 

1) Methanization + 
composting of 
abattoir waste 
(Marrakech) 

2) Methanization of slurry 
(SODEA farm near 
Marrakech) for 
electricity production 

----------------------------------------------------------------------·------------------------------------------------------------------------------
Mr Forte 
Mozambique 

Chief Executive of the 
State-run company BOROR 
MAPUTO 

Installation of gas 
generator-electricity 
generating units 
operating on coconut 
shells 

--------------------------------------~-------------------------------------------------------------------------------------------------------------
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NAME POSITION PROJECT 
----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Shah 
Pakistan 

Technical Officer, 
Appropriate Technology 
Development Organization, 
Ministry of Science and 
Technology 
KARACHI 

Biagas-compost project using 
livestock breeding waste 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Cisse 
Senegal 

Director for Energy, 
Ministry for the 
Development of Industry 
and Craftmaking 
DAKAR 

1) Incineration of household 
waate (Dakar) 

2) Methanization of abattoir 
waste 

----------------------------------------------------------------------------------------------------------------------------------------------------Mr de Alwis 
Sri Lanka 

Head of Agricultural 
Development Department. 
National Research and 
Development Center 
EKALA, JAELA , 

Production of coconut fiber 
briquettes. 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mr Nindie 
Tanzania 

Research Engineer, Energy 
Conservation Department, 
Organization for 
Industrial Research 
and Development 
DAR ES SALAAM 

1) Pilot plant for ethanol 
production from sugar 
molasses 

2) Reduction of 
deforestation by 
utilization of peat and 
improvement of 
charcoal ovens 

----------------------------------------------------------------------------------------------------------------------------------------------------
Mrs Suvachittanont 
Thailand 

Researcher, Energy 
Research Division. Thai 
Institute of Scientific 
and Technological 
Research (TISTR) 
BANGKOK 

Demonstration plants for 
pyrolysis of rice husks 

-------------------------------------------------------·---------------------------------------------------------------------------------------------
Mr Maherzi 
Tunisia 

Directorate of Design and 
Development, Entreprise 
Tunisienne d'Activites 
Petrolieres (ETAP) 
TUNIS 

Biogas production from 
animal excreta in 
pcultry production 

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



41 

AGRO-l"OOD INOOSTRIES AND TBKIR BY-PRODUCTS 

Summary report of speech delivered by Mr Vellaud 
Head of Organic Waste Department, Agence Nationale pour la 

Recuperation et !'Elimination des Dechets (ANRED) 

1 - BY-PRODOCTS FROM AGRO-FOOD INOOSTRIES. AGRICOLTURK AND 
LIVESTOCK BRKKDING 

3everal categories of by-product must be distinguished before 
the technologies that should be adopted to utilize these by
products can be identified: 

Liquid effluent from agro-food industries contains not only 
organic matter and suspended solids of animal or vegetable 
origin, but also waste derived from the raw materials used by 
these industries (soil, etc), and, in certain cases, chemical 
substances. 

Certain liquid by-products are generated by a component of 
the raw materials that i~ not utilized in the manufacture of 
the finished product: for example, whey accounts for 60 -
75% of the total weight of processed milk. 

Livestock breeding produces liquid excreta (slurry) or solid 
excre~a (manure) in considerable quantities: 2 billion tons 
in the United States, 1.7 ~illion tons in India, and 350 
million tons in France. 

Certain agro-f ood industries produce several .categories of 
by-product from the same raw material. The sugarcane 
industry, for example, produces bagasse, mash, molasses, and, 
in some cares, slop. During harvesting, terminal clusters 
(tops) can also be collected. for use in animal feeds. 

Harvesting residues and waste from the processing of crops 
include dry waste products with varying characteristics. 

In cotton cultivation, for example, followed by the 
processing of seeds for production of cottonseed oil, various 
by-products are formed: bunch refuse (stalks), leaves, cotton 
dust, hulls and linters. 

In the major' rice-producing countries in Southern and South
East Asia, straw, husks and bran make up more than 300 
million tons bf rice-crop residues. 
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The coffee processing industry produces dry waste in the form 
of husks (12% water content) as well as pulp and mucilages 
(80% water), and there are thus various different methods of 
producing energy from these by-products. 

These few examples of by-products from agro-food industries, 
crop production and livestock breeding demonstrate the basic 
characteristics of the substances under consideration: 

the waste is organic; 

- very considerable quantities are involved; 

- the substances are perishable and must thus be used quickly 
or stored {increased costs); 

- storage is 
production; 

sometimes 

- water content is often 
transportation problems; 

necessary because 

high leading 

of seasonal 

to drying and 

- the waste is often scattered over a wide area {crops} and 
collection costs are thus considerable. 

It is even more important to utilize by-products if their 
presence constitutes a se1 .~us pollution problem. Using 
chemical oxygen demand (COD)* as a measure of pollution, it has 
been calculated that in Malaysia, the leading producer of palm 
oil, untreated effluent from oil production plants causes 25% 
more pollution every day than the country's entire population 
of 13 million. 

2 - ENERGY PRODUCTION FROM ORGANIC NASTK 

Processes of enet·gy production from by-products can be divided 
into two categories on the basis of the water content of these 
by-products. Dry processes are suitable for by-products with 
lnw water content, while wet processes are applicable to by
products with high water content. 

* Chemical oxygen demand (COD) is a measure of concentration 
and degree of oxidation of dry matter content. 



2.1 - Dry processes 

Combustion with excess air (incineration) is the most common 
form of combustion, and was without doubt the earliest method 
of energy production to be adopted. The energy produced 
through incineration is generally converted into electricity, 
but it is also used directly as a heat source. 

Gasification, or combustion in controlled atmosphere, 
involves the conversion of a solid fuel into a gas (or 
occasionally into a liquid). The quality of the gas depends 
on the reagent gas that is used in its prod~ction (air, 02, 
E2, CO C02). The production of lean gas (with air as the 
reagent gas) is of particular interest to us here. Lean gas 
is utilized to ~roduce heat or mechanical energy. 

Pyrolysis involves heating organic matter to high 
temperatures (500 to 100°C) over a period of several hours in 
an air-free environment. The process produces gas, burning 
oil and carbon black, but is relatively poorly suited to 
heterogenous substrates, such as by-products from agro-food 
industries. 

Carbonization in air-free environments is chiefly used to 
produce charcoal for domestic and industrial purposes. 

- Conversion 
converting 
subjecting 
date, this 

under pressure or 'hydrocarbonization' involves 
organic matter into burning oil or gas by 

it to high levels of temperature and pressure. To 
process has not been used on waste products. 

2.2 - Net processes 

Methane fermentation makes it possible to convert organic 
matter into biogas composed chiefly of methane CH4 {60 to 
95%) and carbon dioxide C02 (5 to 40%). In simple terms, two 
populations of bacteria are involved in the process: 
acidogenic bacteria, which hydrolyze the organic matter into 
simple compounds, and methanogenic bacteria, which convert 
these compounds into methane. 

Several types of fermentation unit exist, with continuous or 
batch ;nput of organic matter. These facilities produce 
biogas and a methanized substrate that must be dealt with 
either by manuring or by dumping after further aerobic 
purification. 
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Well managed methanization makes it possible to reduce 
pollution, generate electricity, and stabilize waste products 
(reduced odor). 

Alcohol fermentation requires preliminary treatment of the 
lignocellulose or carbohydrate matter to free the carbon 
chains. The organic matter then undergoes enzymic hydrolysis 
to produce, in particular, fuel substitutes (gasohol). 

The process of converting biomass into methanol (synthetic gas) 
cannot be classified as a wet process, and requires further 
research. This research is currently being carried out in a 
number of demonstration plants and will continue in further 
units currently under construction (bringing the total number 
of demons~ratlon plants to around 10). 

3 - OTHER USES OF BY-PRODUCTS 

The use of agro-f ood waste products as sources of energy is the 
theme of this Committee. It should not be forgotten, however, 
that these by-products can be put to other uses: 

- nutrition for animals or humans 

fertilizers and organic soil improvers. 

Here I should like to stress the importance of each of these 
respective uses -- food, fertilizers and energy -- and the need 
for waste producers to compare the different uses before 
adopting the solution that is best suited to his particular 
case. 
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PART ONE 

PROCESSING TECHNIQUES 

Summary reports of speeches 
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METBANIZATION OF INDUSTRIAL NASTE IN TBK AGRO-FOOD SECTOR 

Summary report of speech delivered by Mr Dubourguier, Food 
Science Center, Institut Nation~l de la Recherche Agronomique 

(INRA Villen~uve d'Ascq) 

1 - POLLUTION CONTROL BY MKTBANIZATION 

Over the last decade, remarkable progress has been made in the 
anaerobic treatment of industrial waste in the agro-f ood 
sector. 

Methanization as a means to reciuce pollution has several 
distinct advantages over aerobic treat~ent: 

- reduced energy expendi~~re; 

- _·educed sludge production; 

- good maintenance of biological activity during prolonged 
periods of shut-down. 

When scurces of low-temperature heat are available, 
~ethanization can be used to recover 90 - 95% of the energy 
potential of organic matter. Despite very high levels of 
efficiency in remo .-ing carbon, methanization is most often used 
merely as a preliminary stage of pollution control. Organic 
nitrogen in particular continues to be present in the form of 
ammonia, and residue must either be spread as manure or 
reprocessed (aerated lagooning, activated sludge, etc.) 

2 - THE METHANIZATION PROCESS 

Complete methanization of organic matter requires the symbiotic 
association of three main types of bacteria: hydrolitic and 
fermentative, acetogenic, ar.d methanogenic strictu sensu. 

When waste matter contains significant proportions of insoluble 
cellulose compounds, polymer hydrolysis is a major problem 
since bacterial enzymes have little effect on these substances. 

When handling liquid waste with low suspended solids content, 
the low rate of growth and biological activity of the 
acetogenic ?Jld methanogenic populations ~hat must cohabit makes 
the process highly sensitive ~o excessive organic ~atter 
loading. 



, 47 

The use of methanization on an industrial scale is thus subject 
to the following conditions: 

- The choice of technology must be well suited to the waste to 
be treated and the circumstances under which the plant is to 
operate. Industrial processes are continuous, and allow for 
high levels of conrentration of methanogenic sludge to be 
maintained in the reactor, even when hydraulic residence time 
is very short. 

- A balance must be maintained between acidogenic phase and 
methanogenic phase. 

- The process must be seeded and started up correctly. 

3 - TECHNIQUES 

3.1 - First-generation techniques 

These techniques are still in use, and include anaerobic 
lagooning, the mixer-digester, and the aerobic contact process. 

Industrial experience gained over three years of operation of a 
5,000 m3 digester installed in a vegetable canning plant has 
demonstrated the feasibility of the contact process with a 
maximum load of 4 kg COD/m3/day. Treatment efficiency is 85% 
for biogas production of 2.4 m3/m3/day (of which 55% is 
methane). 

Nevertheless, recycling sludge by 
efficiency in summer periods. In 
the IRIS process is still employed. 
2 and 4 kg COD/m3/day. 

3.2 - Second-generation techniqu~s 

settling is of limited 
the French sugar industry, 

Maximum loads are between 

These techniques differ from first-generation techniques in 
that they allow for greater sludge retention efficiency. They 
are based on adhesion, trapping or granulation. 

Methanogenic sludge concentration is such that loads can reach 
more than 10 kg COD/m3/day. To date, the anaerobic sludge 
blanket is the only form of this technique to have been 
introduced on an industrial scale. In sugar manufacture, loads 
of 8 kg COD/m3/day have produced 3 m3/m3/day of gas, with 
hydraulic residence times of less than 24 hours. 
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4 - CONCLUSION 

Second-generation techniques open new horizons for the 
application of the methanization process. At this time, the 
most promising research involves the development of highly 
active biofilms, particularly in fluidized beds, which would 
make it possible to handle loads of more than 20 or 30 kg 
COD/m3/day. 
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COMBUSTION AND GASIFICATIOH 

Summary of speech delivered by Mr Molle, Head of the Energy 
Division, CEMAGREF (Centre du Machinisme en Genie Rural et des 

Eaux et Forets) 

1 - INTRODOCTION 

Biomass is not like any other fuel, even if it has been in use 
for thousands of years. 

Firstly, importance 
biomass as a source 
4,000 kcal, which is 
petroleum products. 

should be attached to the high quality of 
of energy_ It has a heat value of around 
approximately half as much as that of 

The first technical problem encountered with biomass is its 
high volatile matter content (volatile solids index). When 
volatile solids are given off (above a certain temperature in 
gasification and combustion). that process itself is exothermic 
and machinery is liable to clog and malfunction. 

Ash poses another problem. since it fuses at relatively low 
temperatures and is liable to form clinker and clog equipment 
at operational temperatures in combustion or gasification. 

The last disadvantage is not. in my opinion, a real problem. 
Agro-food waste often has high moisture content, but it is 
possible to reduce this content from 90 - 95% to 60 -70% by 
mechanical treatment before recovering heat at relatively low 
temperatures in the combustion and gasification process, which 
would make it possible to reduce the moisture content to the 
20% needed with current systems. 

Attention should also be paid to the very high chemical 
reactivity of biomass and to the near-total absence of sulfur. 

2 - HEAT PRODUCTION 

A wide variety of equipment exists in France today for burning 
biomass. Machinery can be categorized in terms of the particle 
size of the biomass with which they operate: 

The PILLARD burner for fine sawdust. Sawdust is an excell~nt 
fuei when burned in suspension in the same way as pulverized 
coal. 



50 

- The PILLARD kiln, used for biomass of rather larger particle 
size, such as pressed grape pomace, grape seeds, etc. The 
kiln has a separate chamber into which the biomass fuel is 
injected and where the flame develops vertically (top to 
bottom). 

- The fluidized-bed gas generator {PILLARD and CREUSOT LOIRE). 
This equipment has the major advantage of being capable of 
burning both sawdust and paper briquettes. It can thus 
handle a wide range of particle sizes, but can only operate 
at high power levels {more than 10,000 th/hr). 

A concrete example of heat production in the agro-food sector 
is provided by the Grand Manusclat project in the South of 
France, that has received subsidies from the Agence Francaise 
pour la Maitrise de l'Energie. Under this project, elephant 
grass is burned in a gas generator to produce gas that is then 
burned to provide heating for glasshouses and for drying 
fodder. 

This project is an example of 
industry meeting energy needs 
requirements. 

a well 
as well 

integrated agro-f ood 
as crop production 

Technologies for heat produc~ion in agro-f ood industries exist 
for almost all situations. 

3 - PRODUCTION OF MECHANICAL ENERGY 

One of the oldest techniques for producing mechanical energy 
involves combustion, followed by the compression of steam, 
which is tben decompressed. in a turbine. 

3.1 - The boiler/turbine technique 

levels, 
means of 
To date, 

poor, and 

This conventional technique is used at high power 
particularly by the world's sugarcane plants, as a 
disposal of bagasse, which is tremendously bulky. 
however, the efficiency of this system has been 
investment costs have been high. 

The appearance of new RATEAU steam turbine techniques which can 
be used in the 1 MW - 3 MW - 5 MW power range (high power 
levels for the production of mechanical energy), has brought 
down the power threshold for profitability of boiler/turbine 
systems. The first application of this technique was in a 
wood-fired power plant in the Philippines. 
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3.2 - The Gas generator/engine technique 

For smaller units (a few hundred kW to a few MW) a series of 
techniques exist, that can be divided into two main categories: 

- CREUSOT LOIRE gas generators (CEMAGREF license) operate on 
the principle of recycling gas so as to remove tar and kee~ 
gas clean at engine intake. This technology is being 
developed on granular biomass such as wood or coconut shells 
(1 MW pilot plant installed in Valenciennes, France). 

The motors used in the gas generator/engine technique are 
available from all manufacturers of diesel engines, that can 
operate on lean gas. 

- Back-flow gas generators (used during the Second World War) 
are built by several manufacturers (CHEVET, PILLARD, etc.}. 
These unit3 are highly simple and must use substances with 
large particle size (to allow for gas circulation through the 
biomass). However, power levels cannot exceed 300 kW if 
problems of tar formation are to be avoided. 

- Fluidized-bed gas generators with higher power levels are 
currently under development for use with engines, but further 
research is required despite the progress that has been made. 

4 - UTILIZATION OF EXCESS BY-PRODUCTS 

It is an extremely frequent occurrence, if not the 
rule, for the quantity of waste available to 
considerably greater than the needs of the agro-f ood 
in question. What can be done in this situation? 

general 
be very 
industry 

One very widely used process is granulation. It should be 
pointed out, however, that any modification of the particle 
size of ligneous matter is a very long and difficult process. 

4.1 - Granulation 

Several t,fpes of press can be used to granulate ligneous 
biomass, including the following: 

Extrusion presses, producing compressed, cigar-shaped pieces 
of a few milli~eters in lenJth: these presses consume large 
quantities of energy and the extrusion dies wear rapidJy. 

- Ram presses can be used to obtain s 1 ight Ly larger pieces than 
extrusion presses, but costs are higher. , 
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The fact that the substance to be treated is ligneous matter 
makes the process more difficult. It is thus relatively common 
to carbonize all this biomass. and to extract the charcoal dust 
from the gas by a simple cyclone process. Charcoal is not 
ligneous. and is thus easier to granulate. 

Several types of granulation ~recess can be suggested for this 
"vegetable charcoal": 

- External worm-gear presses can be used to produce small balls 
of vegetable charcoal at a rate of 500 t/day (equivalent to 
1,500 to 2,000 t/day of waste). 

- Plate granulators mix vegetable charcoal dust and form round 
lumps with 3% binding agents. These lumps are fairly solid, 
but not sufficiently solid for use in gas generators, and 
they can be difficult to preserve. 

- Extrusion presses for vegetable charcoal produce high-density 
pellets and consume less energy than extrusion press.es for 
ligneous biomass. 

In the future, charcoal is likely to be far more widely used 
throughout the world than it is at present: for low power 
requirements, the use of charcoal makes it possible to reduce 
investments and maintenance requirements considerably. 

4.2 - Carbonization 

As we have seen, it is more profitable 1n certain cases to use 
biomass in the form of charcoal. However, we have not 
discussed the ways in which charcoal can be obtained. This 
technology will be discussed in greater detail later, but I 
should like to mention it to you briefly :here. 

' The traditional method of cha~coal production is 
carbonization in charcoal stac~s or pi~s, which is not a very 
efficient process. 

' ' 

- A more recent method involves the use of vertical, 
cylindrical kilns, where wood , is int~oduced. at the top, and 
the charcoal recoverd at ,the base, with reverse-flow 
circulation of gases. This sol,ution reduces wood consumption 
considerably. 

- A new technology developed by CREUSOT LOIRE makes it possible 
to carbonize substances with large paruicle sizes, and at the 
same time to reduce the size of, the charcoal units. 
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- PILLARD has developed a horizontal rotary kiln for producing 
charcoal dust from palm-nut shells, cotton hulls, coffee 
husks, groundnut shells, rice husks. bagasse, etc. 

CONCLUSION 

In conclusion, I should like to make a r.emark about the 
possible future uses of this waste. 

Research is underway into the removal technologies for ash 
contained in vegetable charcoal, one-half of this ash occurring 
in the form of calcite. Removal of this ash would make it 
possible to produce low-ash charcoal (0.3 - 0.5% ash) which 
could then be used directly in mo~ors. 
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ALCOHOL FRRMEHTATIOH 

Summary report of speech delivered by Mr Cagnot of SEMA Energia 

1 - BRKAKOONN OF UPimIRNCX ABROAD 

To date, priority has been given 
favorable technical and economic 
following areas: 

- remote regions: 

to gasohol programs with 
results, carried out in the 

completely landlocked countries, such as Zimbabwe, Malawi 
and Paraguay 

. large countries with areas at least 1,000 km from the 
coast, such as Brazil, where the possibility of exporting 
molasses is low, and the cost of importing petroleum 
products is high; 

- countries with a strong wish to achieve energy self
sufficiency through the use of extensive domestic sugar 
resources (Brazil, Philippines, Kenya, etc.) but where 
economic results of programs are more variable and where 
macroeconomic or socio-political factors constitute part of 
the justification for a program, alongside the basic 
criterion of remoteness, which is a microeconomic aspect. 

Projects that are likely to develop in the short term 
underscore these criteria: Mali, Zimbabwe, East Zaire. All 
these programs operate on molasses from sugar production, or, 
as is the case in Brazil, also on sugar Juice. Programs 
operating on molasses from sugar production have so far 
produced the best results, in that they are extensions of the 
sugar production process itself and do not have to integrate 
all the costs of an independent industrial project. The use of 
cassava is currently being examined, in an aim to ensure 
operation of the facility outside the sugar season (for example 
in Malawi), but research is not yet complete. 

Today, the principal means of using the alcohol is still in the 
form cf 10 - 25% anhydrous alcohol mixed with gasoline. Other 
major uses include hydrous alcohol used directly in special 
engines and 1 - 4% anhydrous alcohol mixed with diesel oil. 
These uses are fairly well developed, but a number of specific 
difficulties still exist. 
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The main problems, aside from the need for a favorable local 
context, a~e linked to the difficulties that arise during the 
start-up period. 

2 - COST BREAKDOffN OF A STANDARD GASOHOL PROJECT 

If a gasohol pro.ject is to be an overail success. t;he cost 
price of ethanol must be lower or only slightly higher than the 
pre-tax cost price of conventional fuels. The existing 
distribution network must also overcome certain problems linked 
to tolerance of the new product. 

Analysis of a standard cost breakdown sheds light on two types 
of key factor: 

factors directly linked to the scale oi the project: 
distillery investments, selling price of molasses~ 

factors linked to local conditions: cost of local imports of 
conventional fuels, local utility price of molasses, ~inks 
between sugar facility and dis~i::ary, ~he capacity to 
overcome problems encounter~d with the new product, alcohol 
transportation costs, etc. 

Cther factors c~ ~elp optimize ~he prcgram, ~specia~:y if the 
pri.ce of ethanol is clcise to that .)f i:nportad fuels:, tech:.1:.::al 
design of the distillation ~ni~ ~nd :neans of t:nancing and 
management. 

3 - MAIN SOLUTIONS FOR THE DESIGN OF A DISTILLATION UNIT 

The choice of technical options is based on sever3l objectives: 

to mini:nize cost price of e-chanol by ma:dmizing 'prcci~ction 
capacity and reducing inves~~ent: 

- to match ~he product to the neecis of the market, h~ selecting 
3 rea!is~ic range of production; 

- t.Jl ad.opr.. simple technical so.i.uti•:::ns 
3mall distillery located in a remote 
~asy cper3~ion ~nd low ~aintenancej: 

- tm treat waste by se1ec~l~~ a process 
is suited to local condi.~ions. 

that ar9 su~~ed ~o a 
~rea (robu~~ design, 

:'or 
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These objectives make it possible to optimize, in particular: 

. links between sugar facility and distillery; 

degree of instrumentation of the unit; 

production period. 

4 - CASE STUDY 

A study was led by two teams from the SEMA group into a alcohol 
fuel project in the Rwanda-Burundi-East Zaire region. 

4.1 - Objective 

The objective of the project is to replace a proportion of 
imported automobile fuel with ethyl alcohol. 

Raw materials used in this project are molasses from sugar 
production (current production: 4,000 tons). Ninety percent of 
the molasses are not re-used and are dumped in Lake Tanganyika. 

After modifications are made to the sugar production facility, 
yearly production will be 11,500 tons, which will allow for 
production of 32,000 hectoliters of ethanol per year (200 
hectoliters per day). 

4.2 - Location 

The region chosen for the project is highly suitable, since it 
is particularly remote: it is located at the same distance 
(2,000 km) from the two ports handling petroleum imports, and 
from the two existing refineries. 

The pro.ject thus has a key economic advantage: distance. 

4.3 - Project costs 

The breakdown of costs that establish the price of the ethanol 
produced includes two major items: 

- Distillation costs. representing 93% of the total costs of 
the project (investment, purchases of molasses, other inputs, 
purchases of energy, labor, etc.); 

- Subsequent blending, distribution and transportation of 
alcohol and alcohol fuel, representing 7% of total costs. 
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In view of this breakdown, the following factors must subsist: 

low purchase price for molasses; 

low investment; 

- rationalization of other operational parameters; 

- optimization of alcohol transportation-utilization system; 

- high cost of petroleum products. 

Under this project, low-price molasses can be obtained because 
there is no local market of any interest: the region is too 
remote to exuort these products. 

InvestmenL, nowever, cannot be reduced, since the two solutions 
that would have made thi~ possible cannot be put into practice: 

1) It is impos~ible to ~aximize capacity because no further raw 
materials are available. 

2) Reducing investment costs for a given level of annual 
production by ~reducing alcohol throughout the year (and not 
only during the sygar season) is not a profitable solution. 

To rationaliz~ the ,other parameters of production, it is 
preferable to adopt,lagooning rather than methanization as a 
method of wast.! tr~atment, and to optimize the range of 
production (alcohol ,fuel and industrial alcohol) to maximize 
added value. 

To optimize the al-. 1 transportati~n-utilization system, it 
was decided to opt , ror production of anhydrous alcohol (99.3% 
alcohol) that can be blended (10 - 25%) with gasoline and used 
in regular gasoline engines without modification. The complete 
technical infrastructure re~uired to use unblended hydrous 
alcohol in special engines led us to reject this solution. 

4.4 - Conclusion 

The results of the cost breakdown are as follows: 

Cost price of alcohol is between $29 and $35 per hectoliter 
(depending on variables) against gasoline costs at depot of $45 
to $55. 
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These price levels are equivalent to an average saving of 18 -
21%, i.e., 36 - 42% of gasoline prices at depot and yearly 
savings of $570,000 - $670,000. 

Foreign currency savings are also extremely high, representing 
25% of the overall investment of $3,750,000, i.e., 45% of the 
foreign currency component of this investment. 
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CARBONIZATION AND DENSIFICATION 

Summary report of speech delivered by Mr Vaing, Centre d'Etudes 
et d'Experimentation du Machinisme Agricole Tropicale (CEEMAT) 

Despite the measures that have been taken by certain industries 
in the agro-food sector to utilize their own waste products, 
large quantities of these by-products are still available. If 
these substances are left untreated and dumped, they will 
decompose or, worse, remain as a source of pollution. In rice 
production, for example. only 20% of the rice husks (the 
industy's principal by-product) are re-used by the industry. 

It is thus appropriate to collect available waste and process 
it to form stable fuels that can be stored easily and used at a 
later date in standard incineration or gasification units. 

Two s0lutions can be examined: 

- Carbonization, to produce charcoal with high lower heat value 
(LHV = 7,500 kcal/kg). Charcoal can then be used either in 
combustion or in gasification, but only 50% of the potential 
energy in the untreated waste can be recovered. 

Densification by compres~ion, 

volume of the untreated waste: 
product is at least as high as 
reach as much as 3,500 kcal/kg. 

allowing for reduction in 
the LVH of the densified 

uncompressed biomass, and can 

1 - TYPES OF CARBONIZATION EQUIPMENT 

1.1 - Industrial charcoal kiln (Bonnecbaux system kiln by 
Carbo-France) 

This equipment is used for substanc~s with similar 
characteristics to branches of woodland trees. Depending on 
the model, 4 - a stacked cubic meters of raw material can be 
converted into 200 - 400 kg of charcoal. 

These units are mentioned for guidance only, sine~ they appear 
ur.suitable for most agricultural waste with small particle 
sizes. 
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1.2 - Carbonization vessel for cotton stalks (designed and 
developed by the CKKMAT) 

This vessel has been tested with 
shrubbery collected in undergrowth, 
cob cores. 

crushed ~otton stalks, 
vine tendrils, an.~ maize 

The vessel is cylindrical and has a volume of 1.5 m3. It can 
hold 150 kg of raw materials, which will produce 36 kg of 
charcoal, 2 kg of fines and 0.5 kg of ash. Energy efficiency 
is around 50%. 

The carbonization process lasts about 4 hours, but 10 hours are 
needed for the equipment to cool before the vessel can be 
refilled. The unit can be disassembled and transported and has 
proved to be highly practical for small-scale/individual use. 

1.3 - Equipment for converting straw into granulated charcoal 

The CEMAGREF (Centre National du Machinisme Agricole, du Genie 
Rural, des Eaux et Forets) has designed and developed a process 
and equipment allowing for easy production of calls of charcoal 
from straw. 

This ~recess has two phases: 

A carbonization phase that is specially designed to handle 
this low-density, small-particle material; 

- Crushing of charcoal followed by briquetting with 2 - 3% 
binding agent in a rotary drum with low energy consumption. 

The equipment produces balls or lumps of 2 - 4 cm in diameter, 
with a higher heat value (HHV) of 7,500 kcal/kg. The product 
behaves in tha same way as standard charcoal when used in 
combustion or gasification units. 

2 - TYPES OF DENSIFICATION PROCESS AND EQOIPMENT 

Densification of products has economic advantages (reduced cost 
of transportation, handling and storage) and technical 
advantages (improved performance of equipment that uses the end 
product). 

T~e following factors must be taken into account i~ the 
d~nsification of agri1~ultural waste produpts: 
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level of compression to which product is subjected; 

- characteristics of product to be treated (crushed/uncrushed, 
dried, etc. ) ; 

- the use of binding agents (cold process with binding agent. 
hot process without binding agent); 

- type of equipment used: 

briquetting by compression in a dual-roller system; 

pelletizing by compression in molds; 

extrusion by pressing through openings with specific 
dimensions and shape; 

pelletizing in a rotary drum; 

- physical characteristics of the finished product (particle 
size, density. moisture content, heat value, etc.). 

A large number of manufacturers have developed compression 
equipment as well as complete fixed or mobile densification 
units with hourly throughput of between a few hundred kilograms 
and several tons. 

We have tested various types of equipment, and can mention the 
following: 

- 100 - 500 kg/hr range: 

SACME-MIRBO presses 

SERMIE presses 

HUMUS presses; 

- > 500 kg/hr range: 

' 

ALSA MECA fixed units from the Societe Industrielle des 
Forges de Strasbourg; 

fixed or mobile units from PROMILL. 

We b~lieve that densification equipment producing 250 -
500 kg/hr is suited to the socio-economic conditions of certain 
developing countries. 
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PART THO: 

APPLICAT~OHS INVOLVING INDUSTRIAL BY-PRODUCTS IN THE AGRO-FOOD 
SECTOR 

Summary reports of speeches 
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LIVESTOCK BREEDING AND ABATTOIRS 

MKTHANIZATION OF MASTK FROM INDUSTRIAL LIVESTOCK BRKJIDING AND 
ABATTOIRS 

Summary report of speech delivered by Mr Cousin, Agence 
Francaise pour la Maitrise de l'Energie (AFME) 

1 - Introduction 

Subsequent to the series of oil crises, the Government towards 
the end of the 1970s decided to launch a major Research and 
Development program in an aim to develop systems of energy 
production from industrial by-products in the agro-food se~tor. 
One of these systems is methanization, and the program sought 
to develop digesters suited to medium-scale agriculture in an 
aim to contribute to the reduction of the country's energy 
deficit. 

The AFME and the agricultural profession organized technical 
follo~-up. led and coordinated by the GIDA (Groupement 
Interinstitut pour ~'Etude des Dejections Animales). which 
today makes it oossible to assess the results of operation of 
more than 60 methanization plants. 

2 - THE SITUATION IN 1984 

2.1 - Development of methanization 

In view of the fact that the cost of energy is now r1s1ng 
relati'lely slowly, methanization is no longer only a profitable 
system of producing energy from agricultural waste (provided 
that biogas resources match ~he energy requirements of the 
user}, bu~ also as a particularly energy-efficient system of 
deodorization and pollution control. 

Industrial livestock breeding consumes large quantities of 
energy and is thus the most suitable activity for projects to 
install plants for treating liquid waste. pi.g and cattle slurry 
and poultry droppings in the short term. 

For the same reasons. several projects of industrisl $Cale are 
to be ~mplemented during 1985 to handle abattoi~ waste. 
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2-2 - Techniques 

The systematic follow-up of projects that the GIDA has carried 
out over the last three years has provided a basis for a 
preliminary assessment of the performance and reliability of 
the systems available. 

2-2-1 - Liquid waste 

The main difficulties initially encountered were linked to the 
sizing of equipment, the categorization of the waste to be 
treated, and the need for a good match between biogas 
production and the energy requirements of the user concerned. 

Today, several industrial .companies have reliable equipment 
treating several thousand m3 of slurry each year and producing 
several dozen tons of oil equivalent (TOE).* 

Biagas is used directly on site in different forms: 

- heat energy, replacing natural gas, propane, or, most 
commonly, domestic fuel oil; 

- electricity, using heat recovery generators. 

Methanized products are highly suitable for use as manure, 
since they are relatively odor-fre~. 

2-2.2 - Solid waste 

Tc date, ~ne only units treating solid animal waste are batch
filled installations built by the users themselves. Users 
appear satisfied with results. 

Continuous treatment processes are currently under examination 
and no information will be available until re~ults are 
publicized. In France, the profitability of such operations 
will depend chiefly on the value of the methanized product. 

* 1 TOE= 1.5 tons of coal = 900 m3 of natural gas = 10 4 
thermies = 10 7 kcal= 11,628 kWh 
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2.3 - Development potential outside France 

While methanization of liquid waste from large-scale livestock 
breeding facilities in France is a positive response to energy 
and environmental problems in France, the methanization of 
solid vegetable and agricultural waste applied to small-scale 
livestock breeding activities in the Sahel, for example, can be 
a significant factor of development. 

Such were the findings of the Research and Development program 
implemented in that region. The program also allowed for: 

- the crea~ion of systems based on dual activities (market 
.gardening and cattle grazing), thereby making it possible to 
produce compost as well as biogas needed for operation of 
electricity generators; 

energy self-sufficiency, in remote areas, 
equ~'ment with high social utility, such 
vaccine refrigerators or lighting systems; 

for operation of 
as millat mills, 

wcodfuel savings: in this respect, although methanization is 
clearly of interest in the fight against deserLif~~~tion, a 
genuine incentives policy was required, since the financial 
savings brough~ by the substitution of woodfuel was far from 
sufficient to cover the investment costs incurred by the 
user. 

3 - AFME SUPPORT FOR THE DEVELOPMENT OF METHANIZATION 

A major program aiming to support the adoption of the 
methanization system will be launched at the end of 1984 and 
the start of 1985. Th8 program will cover: 

for liquid 
activities: 

waste from large-scale livestock breeding 

- financial assistance for pre-feasibility s~udies allowing 
for examination of the integration of the methanization 
plant into the livestock breeding activity concerned; 

I 

financial assistance for investmenc allocaced to pig 
breeding facilities with a minimum of 1,000 ~laces ::ind 
cattle breeding facil~ties of at least 100 livestock units. 

I 
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for solid waste, continued research and development of 
innovative processes with a view to achieving batch 
treatment, based on units built by users, or assembled from 
industrial components. In France today, solid manure is 
still the most extensive source of agricultural waste 
suitable for methanization. 
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INTEGRATED BIOGAS PRODUCTION AND TREATMENT PLANT: A BREAKDOW 

Summary report of speech delivered by Mr Aubart, Chief 
Executive, BIOMAGAZ 

1 - INTRODUCTION 

,A methanization and treatment station was designed and built by 
,the company BIOMAGAZ in an experimentation center in the Sarthe 
,region of France. 

,This project has been in continuous operation since 1980, and 
,since that date has extensively modified methods for treating 
'slurry from breeding facilities for pigs, cattle, calves, 
1rabb its, sheep, goats and pou 1 try. 

12 - THE INSTALLATION 

1The station was designed to treat approximately 25 m3 of slurry 
per day in a digester of 250 m3. At the outset, pig slurry was 
'Used. Now 20% of the raw waste is of bovine origin. 

12. 1 - Input 

1The slurry has the following characteristics: 

'- dry matter content: approximately 3% 

volatile solids content: 76% 

chemical oxygen demand (COD): 40 g 02/1 

pH: 7. 4. 

'The unit treats 825 kg of dry matter per day, which is 
'equivalent to l. 010 kg COD. 
I 
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2.2 - Output 

Biotechnological yield is as follows: 

- biogas production: 288 m3/day 

- proportion of methane (CH4): 67% 

- proportion of C02: 32% 

- proportion of H2S: 0.2%. 

Higher levels of production were actually achieved during the 
summer period, since 35 m3 of slurry were treated per day fo~ 
production of approximately 350 m3 of biogas. 

2.3 - Reduction of pollution 

Approximate results are as follows: 

- 38% reduction of dry raatter 

42% reduction of vol~ile solids 

- 46% reduction of COD 

- final product completely cdor-free. 

3 - ENERGY BREAKDOWN 

The biogas produced is entirely used in an AC generator set, 
giving a thermal equivalent of 696,000 kWh/year. 

- From the energy viewpoint, heat recovered on the exchangers 
in the generator set is used to maintain a temperature of 35~ 
in the digester, i.e., approximately 300,000 kWh/year. 

- Electricity consumed by the equipment (pump, agitator, etc.) 
is approximately 8,000 kWh/year. 

- Net electricity generation is thus 153,000 kWh/year. 

- Savings en aerobic treatment of 169,000 k~h/year are made 
possible by reduction in CCD through methane fermentation. 

The net annual savings 
314.CCO kWh, ,)r F'F 140.0CO. 

of the installation are "':.hus 
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4 - ADDITIONAL DETAILS 

1) It was possible to make savings on lagooning because of the 
rather special context of the station: it is located at a 
major animal foodstuffs research center that produces around 
100 m3 of waste slurry of all types each day. 

The methanization station treats only 25 m3 of slurry per 
day, the remainder being sent directly fer aerobic 
lagooning_ 

The biogas produced is converted into electricity and then 
used by surface-mounted areation units. 

The savings made by 
use lower-volume, 
needed previously. 

reductions in COD make it possible to 
lower-consumption turbines than were 

2) Diges~er output is sent to a slurry separation system that 
produces 24 m3/day of product with 1% dry matter content, 
and sludge with approximately 30% dry matter and 21% organic 
matter. 

In addition to the main product, this liquid/solid separator 
produces a type of compost that can be spread on tne land as 
manure. In this particular case, the "compost" is sent for 
lagooning with a significantly lower. pollution level than 
the original slurry. 

In other units. it is also possible to send the compost 
through irrigation systems for use as fertilizer. 

5 - COST BREAKDOWN 

In very general terms, the payback time on the investment can 
be calculated in two distinct ways: 

If the overall cost of the unit is taken into account 
together with all the auxiliary equipment (approximately FF 1 
million}, the payback time is around 7 years. 

- If the digester alone is taken into account, the payback time 
is 5 years. 
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SUGAR PRODUCTION 

BY-PRODUCTS OF SUGAR PRODUCTION 

Summary report of speech delivered by Mr de la Mettrie, 
Agricultural Engineer, SATEC DEVELOPPEMENT 

Once sugar has been extracted from sugarcane, the fibrous 
material that remains Cbagasse) is used to supply the 
processing plant. A quantity of waste (by-products) still 
~emains, however. and can have further uses in the processing 
cycle. 

It is now possible to set up a cane sugar production complex 
that is almost compleLaly autonomous in terms ct energy. 

1 - COMPONENTS OF SYSTEM 

The products ar.d by-products of the sugar production system are 
as follows: 

- The sugar produced is marketed, and is thus removed from the 
system. This is the foremost goal of the company. 

T/egetable residue remaining on the land after harvesting 
decomposes and maintains the water balance of the soil. 

- Bagasse, the residue remaining after sug3rcane has been 
crushed in mills to extract juice, is burned in boilers to 
supply the energy needed for plant operation. 

It should be pointed cut that sugarcane contains water that 
is therefore ~dded to the system. This water is converted 
into steam during the precess, and, after condensation, is a 
very good source of boiler feed water (limited corrosion). 

Al~cst one-half of the potential energy of the bagasse can be 
sufficient for the requirements of the process. The 
rem3inder ~3n =hus ~e put to other uses: 

irriga~ion of plan~ations 

di.:;~::.. llation 
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. refining-agglomeration. 

- Molasses, the residue of crystallization of the sugar after 
separation of sucrose crystals in centrifuges, still contain 
50% of fermentable sugars. After fermentation, the 
distillation of molasses makes it possible to produce 95° -
96~ alcohol that can be utilized as fuel in diesel engines in 
the sugar complex in place of imported diesel oil. 

- Slop, a by-product of di3tillation, is particularly rich in 
potassium. Slop is considered a highly pollutant effluent, 
bt.1t can be spread over fields as a good quality fertilizer. 

Defe~~tion scum is the residue left behind after 
clarificaticn of Juice subsequent to filtraticn. In sugar 
production fr-om sugarcane, juice is clarified by ad.ding lime, 
and sometimes phosphoric acid, to the raw juice coming from 
the ru.;.lls. Scum is particularly rich in P205 and CaO, and is 
a very good fertilizer for sugarcane crops. In ~eneral, scum 
is spread on the fields as and when it is produced at the 
plant. 

Boiler. ash, a residue from the combustion of bagasse, is rich 
in minerals and can be spread on the fields in t~e same way 
as scum and slop. 

2 - INPUTS AND OUTPUTS 

An ar,alysi.s of the Atomphere-Soil-Plant-Sugar production
Di.stil lation system in terms of inputs and outputs demonstrates 
that, aside from the sugar (which is sold), all 'products 
in·1olved in any of the stages of sugar production are re-used 
in the proce~sing cycle. 

Sugar and alcohol, made 
that is t~ken from the 
nothing from the soil. 

up of the carbon, hydrogen and oxygen 
atmosphere by photosynthesis, take 

I 

Bagasse is made up of +:issues constituting t.he original sugar 
cane fiber and pith, water, and residual juice. Ash formed by 
combustion of bagasse contains the mineral elements ' of the 
sugar cane, which were extracted. frc.!'.l the soi 1 by the pla.nt, 
even if a certin qudntity of these elements has been icst with 
the smoke given off during combustion. 

I 

I 

A: 1 the e 1 em'emts ":aken from the soil for the 1.t:-ow"tl"i of the 
plant can ret:urn to the soil in 1.)ne or ti-le follr:;wi.ng f,)rms: 
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- crop residue 

- defecation scum 

- distillery slop 

boiler ash. 

Our aim here is to shed light on the details of this breakdown 
from two standpoints: "Energy" and "Matter". 

Two case studies will be used to elucidate the real 
possibilities that are open in this respect to sugar production 
complexes in remote areas of developing countries. 

3 - ENERGY SAVINGS IN A SUGAR PRODUCTION FACILITY 

At what level should one intervene in 
complex in an aim to economize energy, 
burned or maximize the steam produced? 

The following aspects can be examined: 

a sugar 
minimi.ze 

product:ion 
the bagasse 

ligneous matter content of the cane: agronomic research for 
selection of cane; 

- boilers: installation of triple- and quadruple-effect systems 
to utilize high-pressure steam to activate turbines, and 
expanded steam for evaporation and concentration of juice; 

- choice of turbines (back-pressure, condensation and bleed) to 
optimize heat balance; 

- choice of process: possibility of recycling expanded steam; 

- lagging of ducts: reduction of convection losse~; 

- careful layout of the different lines in the plant. 

4 - TWO CASE STUDIES 

4.1 - Borotou sugar production facility (Ivory Coast) 

This sugar production facilit:1 was desii;ned from the outset to 
save ener~y. It utiliz8s 160 tons of sugarcane and producps 
!20 tons of steam per hour. Process requirements are only 60 
tons of steam, and a er. )ice thus had t.o be made among: 
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- electricity generation for irrigation of plantations; 

- heating for staff housing and villages; 

- use in the distillery; 

- use in refining-agglomeration processes. 

The distillery has not yet been built, and the refining
agglomeration option was retained. 

4.2 - Analaiva sugar production facility (Madagascar) 

The TECHNISUCRE consortium made two propositions for this sugar 
production facility: 

1) Re-use of slop, scum and ash by constructing a clay-lined 
pit and maintaining homogeneity with an agitator, for 
subsequent spreading on soil using sl~rry spreading systems. 

This system would avoid a situation where slop is fed into 
the irrigation system at the perimeter of the plant without 
knowing exactly what happens in terms of fertilization. 
Savings would be equivalent to nearly FF 2 million. 

2) Installation of a distillery producing 2,200,000 liters of 
96~ ethanol that could be used directly in an engine (GARO 
process, or Brazili~n process). 
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METBANE FERNENTATIO~ OF BY-PRODUCTS OF ALCOHOL DISTILLATION 
FROM SUGARCANE 

Summary report of speech delivered by Mr Bories, Enology and 
Vegetable Technology Station, Institut National de la Recherche 

Agronomique (INRA), Narbonne (France) 

1 - DIFFICDLTIRS ENCOUNTERED IN THE UTILIZATION OF THIS WASTR 

The production of alcohol (rum or ethanol) from sugarcane 
involves large quantities of pollution. With molasses alcohol, 
effluent has particularly high concentrations of organic matter 
and minerals (COD: 60 - 100 g/l), and is thus difficult to 
treat. 

The low ethanol content obtained after the fermentation phase 
of the process gives rise to significant levels of energy 
consumption in the distillation phase, and to large quantities 
of waste products (15 - 20 times the volume of alcohol). 

Methane fermentation can be used on these waste products, with 
the following aims: 

poll1Jtion control - energy savings 

- production of energy. 

However, conventional fermentation techniques (integral 
mixture, anaerobic contact process, etc.) have only limited 
performance: 

- low load levels (volume) 

- long hydraulic 
dimensions. 

residence times, 

Further, spontaneous 
occurrence. 

inhibition is 

2 - PILOT PLANT IN GUADELOUPE (FWI) 

requiring large plant 

a relatively common 

The design of a fixed micro-organism reactor is one method of 
circumventing biological restraints and improving co~ditions of 
precessing. The use of new materials (plastics), which had 
been examined earlier for distillation applications, was 
adopted for the methane fermentation of molasses slop. 
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An experiment was run in a molasses distillation plant (Societe 
Industrielle je Sucrerie, Guadeloupe) over two seasons (May 
1983 - February 1984). 

The methanization plant (Societe Generale des Techniques 
Nouvelles) comprises a 10 m3 reactor using FLOCOR plastic and 
operating in descending flow. 

Wastewater is molasses slop with pollutant levels (~OD) of 45 -
65 g 02/l. No pH correction or bacterial environment 
correction is required. (pH of substrate: 4.5). 

2.1 - Figures 

After nine months, optimum perfomance obtained on the fixed-bed 
reactor is as follows: 

load (volume): 14.2 - 20.4 kg COD/m3/day 

residence time: 3.37 - 2.67 days 

productivity: 6.3 - 8.2 m3 biogas/m3/day 

removal rate: COD: 71.3 - 61.9% 
BOD5: over 90% 

gasification yield: 392 - 445 1 of oiogas/kg COD input 

methane content: 55% 

volume of biogas: 21.3 m3/m3 of slop 

where BODS = biological oxygen demaad after 5 days. 

The fermentation of molasses slop on a fixed-bed reactor is 
thus carried out with very high pollutant loads per unit volume 
and with short retention time. 

2.2 - Comparison 

Compared with conventional processes, the improvements brought 
by this technology represent a factor of 3 on the parameters of 
operation and there is a corresponding reduction in the volume 
of the installations. Results obtained are at the highest 
level of performance given in documentation. The detailed 
follow-up of fermentation parameters (particularly volatile 
fatty acids) demonstrate the perfect stability of the process 
(no accumulation of VFAs} at these high levels of performance. 
Inhibition problems might also be alleviated by the longer 
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retention time of biomass. Purification efficiency is optimum 
for the type of products to be treated. Biodegradability of 
methanized residue seems iow (BOD/COD ratio less than 0.2). 

2.3 - Energy oreakdown 

The energy breakdown of alcohol production has been calculated.. 
The distillery is char~r.terizeri by the use of fuel oil for 
distillation processes (0.33 TOEim3 of alcohol produced). 
Methanization of waste supplies 339 m3 of biogas/m3 of pure 
aicohcl, which is equivalent to 0.16 TOE, sufficient to cov:r 
48% of ~he distillery's energy requirements. 

Methanizaticn o~ cane alcohol distillation waste perfor~ed wi~h 
optimized fermentation technologies is an efficient solution to 
the dual challenges of pollution contrcl and energy production 
frcm waste. 
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BAGASSE PRODUCTION IN CUBA 

Summary report of speech delivered by Mr Dutreux, Commercial 
Director, CEREX 

1 - INTRODUCTION 

After consultation with worldwide specialists, the Cuban 
Government, represented by the Ministry for Sugar Production 
and the Central Purchasing Organization CIMEX, in collaboration 
with the company CEREX/SECEM {and their technical associates 
PRCMILL) carried out a study aimed to upgrade the country's 
sugar industry. 

The purpose of this study was: 

In a preliminary phase, to use waste biomass to produce solid 
fuels and cattle feed, and to replace petroleum products 
consumed by sugar prQduction facilities with the solid fuel 
pr:::duced. 

Subsequently, co increase oroduction of refined white sugar 
and to widen the field of applicacion of re~overable by
products (paper pulp, parcicle board, etc.). 

2 - SUGAR IN CuBA 

The sugar industry in Cuba can be summarized as follows: 

- 30% of the gross national product (GNP) 

- 10 million tons of raw sugar per year 

- 95~ of the country's exports 

- 165 production centers 

- mar~ t~an 10,000 engineers and technicians. 

3 - THE PROCESS 

The boilers of the different facilities operace with large 
quantities of excess air, which is necessary for the combustion 
of bagasse with 50% moisture ~ontent. 
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SEREX plans to recover fumes from these boilers and use them to 
dry all the excess ba.gasse. 

After this drying phase, the process comprises granulation, 
cooling and packing lines. 

4 - CONCLUSION 

The bagasse has the follwing characteristics: 

Moisture content ( % ) 15 35 50 

LHV (kcal/kg) 3,700 2,700 1,900 

Steam production 
capacity (th/t) 4.38 3.46 2.25 

Electricity production 
capacity (kW/t) 219 178 112 

Fuel oil ~quivalent 
(t bagasse;t fuel oil) 0.37 0.27 0. 19 

where LHV = lower heat value. 

It will thus be possible to utilize the 8 million tons of 
excess bagasse produced each year, by converting this matter 
into solid fuel and electricity for an •3quivalent of 1,220,000 
tons of petroleum or 719 million kW. 

If bagasse wi~h moisture content of 15% js available, it can be 
used in high-pressure boilers to produce white sugar. Imports 
of 400,000 tons of petroleum products can thus be replaced, and 
production can be increased. 

Saven million 
converted into 
mi 11 ion tons). 

tons of sugarcane leaves 
fuel (l,060,000 TOE) or 

and · f low~rs can be 
into cat~le feed (3.5 
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GASIFICATION OF SUGARCANE BAGASSE 

Summary report of speech delivered by Mr Boillot, Research 
Engineer, Techniques Nouvelles de l'Energie Division, 

Electricite de France (EDF) 

1 - INTRODUCTION 

EDF (French Electricity Authority) has carried out a test 
program on the utilization of sugarcane bagasse by 
gasification. This program has made it possible to make use of 
excess available bagasse in Guadeloupe (FWI) and in Reunion 
Island (Indian Ocean). 

The program had two main aspects: bagasse handling and the 
gasification process proper. 

Further. an economic analysis was carried out alongside this 
practical program, and demonstrated that the gasification 
system is cnly suitable for small-scale units (up to 1 MW), 
since beyond this level, efficiency is high t~ough to justify 
using the boiler and steam turbine system. 

2 - BAGASSE HANDLING 

Different tests were run on 7 tons of bagasse imported from 
Reunion Island and 40 tons i:nported from Guadeloupe. 

2.1 - Drying 

Drying is essential to lower the moisture content of bagasse 
containing 50% water to an average maximum of 20 - 25% water. 

Rotary kilns were used 
already widely used by 
products. 

for this operation. This technique is 
industries to dry diff.erent a.gro-food 

The kilns were supplied with heat from the 
engine; generating electricity, or from a 
hearth burning high-moisture-cor.1tent bagasse. 

2.2. - Crushing and pressing 

exhaust gases of 
associated fore-

Cru~hing is usually required prior to pressin~. excepi when a 
ram press is used. 'In this case, grill mesh size ~an be 
al~ered to select the' particle size of the product. 
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Average energy consumption is approximately 15 kwb per ton of 
crushed bagasse. 

2.2.1 - Pellet presses 

Various tests were run on presses 
from 50 - 300 hp, and experiments 
several different compression ratios. 

with power levels ranging 
were carried out using 

Moisture content and the percentage of slop or molasses used as 
binding agents were aiso optimized under test conditions. 
Results demonstrated that slight variations in bagasse moisture 
content could lead to complications such as clogging of the 
press or poor pellet quality. 

This type of presses consumes an average of 100 kWh per ton of 
bagasse with 10% moisture content, to produce pellets with 
density of 1. 2 t;m3. 

Depending on tbe mesh used, pellet diameter can range from 6 -
14 mm, but power consumption increases markedly as the pellet 
size decreases. 

The manufacturer PRCMILL FRANCE took part in these tests. 

2.2.2 - Ram presses 

A 50 hp press was tested with uncrushed bagasse with 
moisture content. ~Iei ther water not binding agents 
required. 

10% 
were 

Aver~e consumption 
appears appropriate 
nature. 

was 70 
for raw 

kWh/ton of bagasse. 
bagasse, because of 

The precess 
its fibrous 

The briquettes produced are 80 :run in diameter and have density 
of 1.3 t/m3. 

It ~ppears difficult to reduce this diameter without affecting 
the efficiency of the machine and without increasing its 
consumption. 

The manafacturer SERMIE FRANCE took part in these tests. 

2.2.3 - Screw-type presses 

An 8() :-ip press was tes"ted on production of pieces of 300 mm in 
diameter and with density cf 1.2 t/m3. 
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Regrettably, tests could not be finished due to feed problems: 
the density of dried raw ba.gasse was too low (85 kg/m3}. 

It will nevertheless be interesting to follow the developments 
of this type cf press, given that the particle size of the 
product is ideally suited to use in gas generators, and in view 
of its potential economic advantages. 

Belgian manufacturers ZIMMER DEBAIFFE took part in these tests. 

3 - GAS GENERATORS 

All gas generators of all sizes produced in France were tested. 

3.1 - Low capacity gas generators 

Gas generators are considered to be low capacity if they do not 
generate more than 100 kW. 

In this range of equipment, the market is shared by several 
manufacturers: CHEVET, TOUILLET, EVRARD (Belgium), DUVANT and 
PILLARD. 

It should ~e pointed out that gasification of pellets is 
technically feasible, provided hardness and survivability of 
pellets are satisfactory. 

3.2 - High capacity gas generators 

An economic assessmenL 0f hi~h capacity gas generators was made 
alongside the test program, with the following results: 

- overall efficiency: 0.4 - 0.66; 

- gas composition and energy value vary depending on the 
technique emplcyed: 3,200 - 5,700 kJ/Nm3; 

- ease or handling facilitates the use of pelle~s. 

4 - CONCLUSION 

The econ::Jmic 
(pellets or 
bagasse wit.h 

analysis demonstrates 
briquettes) is around FF 
10% moistur8 content. 

that the cost 
240 - 400 per 

of fuel 
ten 

Electricity ~enera~ed 
is around FF 1.50/kWh 

throu.:th g°3.sirication 1.1sin~ a 600 kW unit 
fGr production of 3.2 million kWh. 
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Electricity costs are FF 1.90/kWh when units with lower power 
levels (400 kW) are used. 

This economic analysis covers the en~1re system 
crushing, handling and electricity generation. 

drying, 
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HOUSEHOLD HASTE 

.EXAMINATION OF THE DISPOSAL OF HOUSEHOLD WASTE 

Summary report of speech delivered by Mr Broix, Engineer, Local 
Communities Division, Agence National pour ia Recuperation et 

l'Elimination des Dechets (ANRED) 

1 - METHODOLOGY 

1.1 - Collection of data 

The geographical areas under consideration must be ~pecified 
before waste can be categorized (household waste, treatment 
station sludge, industrial waste, etc.). 

Different processes can then 
market potential for products 
electricity, compost, etc.). 

be examined in the li 
of ~he treatment eye 

~ of the 
(heat, 

At the same time, it is useful to examine th~ .ocation of 
treatment plants and landfills. 

' 

1.2 - Assessment and analysis of treatment options 
' 

On the basis 'of the data collected (type of ·, ,te, process, 
location), technicians presen~ a number of options to decision-

' makers. 

' These option~ are studied and preselected by a special 
committee, and then technical ar.·~ P~onomic assessments are made 
of each pcs5~ble method of treatment before one or two methods 
are dealt witq in greater detail. 

' 2 - CASE STUDX: GREATER ANGOULEME {FRANCE) 
' 

The Syndicat ,Intercommunal du Grand Angoul~me (SIGA) in 1973 
selected and ,bui 1 t a household waste treatment plant based on 
the principle, of accelerated composting (with incineration of 
non-ccmpcstable substances). By 1882, this plant was outdated, 
and needed to ,be r~novated or replaced. 

The methcdolg~ 1escribed above was applied to this project. 
Resul~s were as follows: 
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2.1 - Collection of data 

Data was collected on the basis of a questionnaire cir·culated 
to the various communities affcted by the project. The 
findings of this questionnaire made it possible to specify the 
type and quantity of waste to be treated. The principal waste 
produc:;s of the Angouleme conglomeration consist of household 
waste (33,000 tons/year). 

2. 1. 1 Haste 

A more detailed 3tudy ~as carried out in order to identify 
other types of waste that could be treated alongside the 
household waste: industrial waste that could be incinerated 
(and thus treated if an incineration process was to be 
adopted), or industrial waste that could be fermented (and thus 
treated if a composting process was to be adopted). 

Treatment station sludge is already treated separately, and 
investments have already been made for this purpose. This t:rpe 
of waste was thus not considered under this study. 

2.1.2 - Location 

Three sites were surveyed for the treatment plant: the site 
where the present treatment station is located, and two other 
sites with potential openings, particularly for incineration. 

The conglomeration considered the present site used for dumping 
industrial produc~s as the only accep~able location. 

2.1.3 - Processes 

In 1982, the methanization process was still a~ ~he pilo~ plant 
s~age, and could thus not be considered under this study. 

All other processes were applicable to Greater Angouleme: slow 
or accelerated composting, incineration with or without energy 
recovery, manufacture of storable solid fuel, and selective 
sortir.g of household waste. 

2. 2 - Assessment .~f options 

~ight options were set out on ~he basis of the following 
solutions and for~casts: 



- extension of the present 
additional equipment); 
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plant (increased capacity, 

- construction of a new plant to back up the present plant, or 
to treat all household waste; 

- shor~-term forecast for sizi~g requirements to 1990; 

- long-term forecast f•::ir the year 2000. 

2.3 - Analysis of options 

A special committee requested that a further option be added 
(incineration with outlets 2 or 3 km from site), and that an 
additional site be conside~ed. A working party was set up so 
that meetings could be held more frequently, and decisions made 
more rapidly. 

Lastly; an economic assessment was made of each system, taking 
into account investment costs, costs of operation and dumping 
of unusable prcducts, as well as the revenue that might be 
expected f~om the same of by-products (heat, compost, fuels or 
materials). On this basis, ~reatment costs were calculated in 
francs per ton. 

After a co~parative study, technicians proposed three options 
and decision-makers finally se~ected the following system: 
incineration with recovery of energy and sale of steam to a 
local industry and to a hospital. 

3 - METHANIZATION OF HOUSEHOLD WASTE 

The first industrial methanization unit was brought into 
service recently at Voiron, Isere (Fran~e}. 

3.1 - Advantages of the systam 

Of all the possible systems for making use of household waste, 
the principle of methanization in a reactor presents the most 
advantages, since it aims not only to reccver energy through 
the production of biogas, but also makes it possible tc produce 
an organic soil improver fr.om the fermentation residue. 

However. a ~umber of senious technical difficulties are 
enccuntered with this system. While methane fermen~a~ion is 
particularly well suited to, the treatment of waste wich high 
moisture content and high or~anic matter content ~stabili~ation 
ot treatment sta~ion sludge, ,for example). it is more difficult 
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to apply the process to the treatment of h'usehold 
tnis type of waste has relatively low ~oisture 
homogeneity, and requires very specific sorting 
operations. 

waste, since 
content and 
and crushing 

Further, equipment' size must be increased. to account for the 
lo~ proportion of 'dry matter in the reactor (5 - 30% depending 
on the process), and this requirement i~volves higher unit 
treatment costs. 

Similarly, it should be pointed out that energy recovery 
performance with ' this process is lower than with ether 
processes, such as incineration. Incineration can bring 
savings of 100 - 130 liters of fuel oil per ton of waste 
treated, while methanization al lows for -·~covery of only 30 -
60 liters of fuel per ton of waste treated. 

I 

Under these conditions, the economic interest of the system in 
~elaticn to other'techniques of treatment and recovery depends 
on the following factors: 

I 

- local conditions: for th~ use of bicgas; 

- saleability of compost produced from digester residue (and 
thus physical an~ egronomic qualities of this compost); 

ope~ating condit~ons and reliability of the process. 
I 

With regard to th~se last two factors, much can be learnt from 
the industrial tests run at the Syndicat Mixte d'Amenagement du 
V~i!"cm1~is (SMAV) , by the company VALORGA. The VALORGA process 
has been developed after in-depth research ~nder both 
laboratory and pilpt plant conditions. 

I 

3.2 - Description pf installation 
I 

The SMAV householc!., waste treatment plaqt cons i.sts of a unit for 
~rushing waste and removin~ scrap i~qn and glass (capacity: 
16, 000 tons/year)., 

I 

One-half of the 8,000 tons of ~rushed, sorted waste is then 
treated by conventionai aerobic compos~ing, ~hile the other 
half i:.; fed into ,a methanization unit ,on continuous opera~ion, 
ccnsisting basica1ly of a digester with a steel vesse: of 
400 m3 capacity. 

Tr.e :nethanizaticn unit has been in , opertaic•n for several 
months, ?~oducjng' around l,600 m3/ciay,of biogas containing 65% 
methane (i.e., 1,000 m3/day of CH4 anc,4m3/m3 of vessel/day). 
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3.3 - Conclusion 

In an aim to consolidate experience and make a meaningful 
assessment of ~he levels of performance that can be expected. 
from this technique, which could undoubtedly broaden the range 
of possibilities open to communities for the treatement and 
utilization of their waste products, the ANRED and the AFME 
(Agence Fran~aise pour la Maitrise de i'Energie) propose to 
carry out during 1985 a highly detailed technical and 
analytical examination of the installation with the assistance 
of VALORGA and the SMAV. This study should make it possible to 
establish energy and materials breakdowns for the process over 
this period, and to assess compost quality. 
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OIL MILLS 

PALM OIL MILL HASTE: TYPE AND USES 

Summary report of speech delivered by Mr Petitpierre, Agronomic 
~ngineer, Ccnsul~ant at the European Economic Community 

Out of every 1,000 kg of raw material (paim bunches) that are 
sent to the factory, only 240 kg of processed products (kernels 
and oil) are obtained. Waste products thus account for 
approximately 75% of the raw materials. 

1 - TYPE OF WASTE 

1.1 - Dry waste 

There are several types of dry waste, with different utilities: 

- fiber (making up the pulp of the fruit): 10 - 13% of the 
weight of the bunch; 

- shells surrounding the kernels: 5% of the weight of the 
bunch; shell debris: 2.5%; 

- bunch refuse (fibrous part of bunches supporting the fruit): 
23% of the weight of the bunch. 

Cverall, 450 tons of waste are obtained from every ton of raw 
macerial inputs (bunches). 

1.2 - Liquid waste 

Each ton of raw material prcduces 0.8 m3 (approximately 800 kg) 
of liquid waste. Tnis effluent contains the hot process water 
that must be added to facilitate separation of oil from raw 
juice during settling. 

Liquid waste includes clarification sludge, sterilization 
ccndens~te, and wacer from hydrocycloning and fruit washing. 

2 - USE OF WASTE FROM OIL PALM MILLS 

Industri3: units hava a yearly average capacicy of 60,000 -
80,000 t~ns oi raw materials (bunches). 
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~eventy-five percent of the raw materials (45,000 ta 60,000 
tons) would thus be transported to the mill from a radius of 20 
- 30 km for no good reason if the waste materials were not 
utilized. 

2.1 - Fiber 

To process one ton of raw materials (bunches), requirement~ are 
as follows: 

400 - 500 kg of low-pressure steam for sterilization and 
heating; 

- 15 - 20 kWh of electricity, which can be generated b¥ a steam 
turbine requiring 400 - 500 kg of high-pressure steam. 

In large-scale units, a high pressure boiler assembly supplies 
20 - 23 bar steam to a turbine that generates elec~ricity. At 
turbine outlet, 3-bar steam is recovered for use in 
sterilization and heating of the product. 

'!'he overal 1 req•.Jire . .ient ==r 4CO - 500 kg of ::; L~am produced is 
thus 400 - 500 the::-mies ~";hi, which can be met exac~!;; u.Y using 
fiber as fuel in the boilers. 

Shells and ciebria can supply an additional 150 th. 

2.2 - Shells 

Shells are often noz used or little used in large-scale units. 

In small-scale oil mills, on the other hand, given the high 
price levels of turbines compared ·o1i th total investments 
required for the plant, there is currently a tendency to 
propose the following solution: low-pressure boiler supplied 
with fiber and shells. coupled with electricity generating set 
operating on lean gas supplied by a gas generator running on 
shells. This ~olution makes it possible to save 60 - 80% of 
the fi..iel oi 1 formerly used to run the genera7.ing set. 

Gas gener~tors can also be installed on trucks used to 
transport the bunches of palms, but -this solution has several 
e:>rcblems: reduced load cap:.ci ty of truck, relatively zlow 
amort:izement of ~he investment, risks of breakd•:JWn, etc. 
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2.J - Bunch refuse 

Bunch refuse has been used directly for some considerable time 
on pla.~tations, where it is burned to produce 2.5 kg of 
potassium ~hloride per ton of refuse. 

This operation provides 20 - 30% of the potassium requirements 
of the plantation. 

In certain countries, however, such as Malaysia, where the palm 
oil industry is very highly developed, incinerators lead to 
problems of atmospheric pollution, and bunch refuse is spread 
as compost directly in the plantations. 

Only 2 - 3% of the total plantation surf ace area is covered 
with this compost, but the product contains all the organic and 
mineral manuring requirements of the crop. 

2.4 - Liquid waste 

Oil mills produce considerable quantities of liquid waste, &s 
was mentioned above: 64,000 m3 for a mill processing 
90.000 ton~ of bunches per year. 

Further, this liquid waste is highly pollutant: a medium-sized 
oil mill produ~es as m~ch pollution as a town of 120,000 
inhabitants. 

In Malaysia, several measures have been taken to combat this 
proble~. which is one of the country's major concerns: 

direct spreading of wa~te in the plantations: this solution 
has been adopted for several years, but legislation has now 
been passed fobiddi~g the practice unless prelimjnary 
treatment has been carried out to reduce biolcgical oxygen 
demand (BOD}. 

- anaerobic digestion: this bacteriological process can be 
~arried out in two ways: 

anaerooic lagocning in pools covering 1 - 2 hectares, .an~ 
with a capacity of 50,000 m3 of effluent: retention times 
of 70 - 100 days are required tu reduce BOD by 95 - 99%. 

covered or open-air digesters if space is :nore ~:<:pensive or 
unavaila'ole. 

Before i;tas can be produced, hc:·..,ever. the use to which it will 
be put mu:=i-c be known. In t.n~ lighc of chi::; informacion, 
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covered digesters are not always profitable, while open-air 
digesters can be used to reduce pollution levels and are less 
expensive, even if gas cannot be recovered. 

Pollution control is a serious problem in Malaysia, but this is 
not the case in Africa, where the concentration of palm oil 
mills is considerably lower. It is thus rarely necessary to 
treat effluent, except in specific cases when there is no river 
within 10 km of the mill where effluent can be dumped, for 
example, and when the clay substructure makes lagooning 
impossible (Nigeria project), or else when the effluent cannot 
be dumped because of the neighboring fishing grounds (area 
around Lake Tanganyika). 

3 - CONCLUSION 

I should like to make two comments to conclude this subject. 

Firstly, it is important to remember that the reserves of 
biomass that are available to industries in the agro-food 
sector are of much greater interest than agricultural residue 
.o:catt:.~!"ed over plantations. Ther~ are several reasons for this 
fact: r3w materials are concentrated in a si&1glE: location. a 
technical environment provides openings for utilizing the 
biomass, and contac~ with profit-conscious potential partners 
will ensure that biomass is not utilized simply for the sake of 
it. 

It is also important to stress that finding a technical 
solution does not imply that the process is worthwhile. 
Economic calculations must be made scrupulously, since it is 
easy, given the narrow margins of profi-r.ability involved, to 
swing rapidly from a forecast of profit to a situation of 
inevitable loss. 
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BORA BORA: GASIFICATION OF COCONUT FIBER 

Su~ary report of speech delivered by Mr Lemaitre, Renewable 
En~rgy Sources Division, Commissariat a l'Energie Atomique 

(CEA) 

1 - IJISTORICAL BACKGROUND 

Electricite de Tahiti (EDT) has been involved since 1973 in 
rese~rch aimed to discover new sources of energy in an aim to 
comb~t the crisis created by oil price increases. 

I 

Aftei;- mc·~ir.g a general assessment cf the situation 
of tbe high oiomass potential of Polynesia, EDT 
concentrate on gas generators, since these units 
for ,supporting the requirements of a public 
distribution grid on a medium-sized island. 

and in view 
decided to 

are suitable 
electricity 

In 1976, EDT decided to investigate a DELACOTTE t~e gas 
generator supplied by the French company ENTROPIE and installed 
and tested in 1978. Coconut fiber is used as fuel for this 
unit. 

At that time. testing could not be continued due to unfavorable 
economic conditions, and the test program was only resumed in 
March 1980. 

In October 1982, the ""gas generator set'" had been in operation, 
coup:led to the distribution grid, for approximately l, 500 
hours. The diesel generator had also operated independently 
with' diesel fuel for 14.000 hours. 

2 - DESCRIPTION AND PRINCIPLE OF OPERATION OF THE INSTALLATION 

The energy production line is made up of the following basic 
equipment: 

- th'e gas generator and its filtration system 

- t~e electricity generating set. 

2.1 '-The DELACOTTE gas generator 

The 'p:Jrpose of ~ itas gene?"ator is to convert ligneous matter 
intd combus~ible gas through partial combusti~n in 1 air. 
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This gas can be used in engines after filtration (to remove 
tar. dust, etc.) and cooling. 

As ~he fuel is fed into the gas generator. it is successively 
distilled (volatile solids, water and tar escape with the 
fumes). carbonized and gasified. Fumes (and -che tar ccntai•led 
therein) are collected and burned. Residual impuriti~~ are 
removed in a cooler-scrubber unit. 

2-2 - The electricity generating set 

The gas ?reduced is U3ed in a dual-fuel diesel engine. 

The cylinders of the engine are supplied with a mixture of air 
and gas that will not self-ignite. Combustion is obtained 
through pilot injection of dies~l oil. 

The advantage of a dual-fuel system is that total injection of 
diesel oil can be resumed if problems occur in the gas 
generator (technical problems or disruption in coconut-fiber 
supply}. 

On the other hand, operation is not fully independent of 
hydrocarbons, which are still reql.ired for pilot injection. 

3 - THE FUEL 

Coconut fiber and ~hells are abundantly LVailable as a fuel in 
many islands b&c~~se of copra production activities. 

Fiber and ~hells are purchased from private individuals who 
deliver them in bags to the power plant. Fiber is stored in 
hangars with wire-netting walls, where it is protected from the 
rain and naturally ventilated. 

However. in view of the difficulties that can be cau~~d bv 
moisture ccn"-ent; of fiber, a simple drying unit is required. 
This unit is supplied with hot air from the gas cooling fan or 
from the genera~:n5 set. 

Dr~r fuel is :caded manually into r.he gas generator at a rate of 
1.5 m3 of fiber (150 kg) per hour. This operation has been 
simplified r,~i~ year by t~e installatiun of a motorized 
hand 1 ing 1 ine. 
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4 - STATISTICAL HIGHLIGHTS 

Tr·e generating set can supply 190 kW, and generally operates at 
160 kW. 

The gas generator is capable ~f supplying a generating se~ of 
250 kW. 

The following levels of consump~ion have been recorded: 

- diesel oil: 50 g (0.06 l)/kWh at AC generator output; 

- coconut fiber: 1.3 kg/kWh at AC generator output. 

These measurements can be compared with diesel oil requirements 
of approximately 280 g/kWh for a diesel engine of the same 
power rating. 

It can thus be deduced that: 

l kg of fiber = o.~25 liters of diesel oil; 

fiber from 1 coconut= 0.160 liters of diesel oil. 

The Bora Bora gas generator thus assures average gas production 
equivalent to 35 l/hr of diesel oil. 
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MALI: COMBUSTION OF COTTONSEED HULLS FOR STEAM PRODUCTION 

Summary report of speech delivered by Mrs Doucet (specialist) 

1 - THE HUICOMA COTTONSEED OIL MILL 

The case study presentP.d here deals with a succesful French 
project carried out in a cotonseed oil mill in Mali, where a 
boiler operating on cottonseed hulls was installed to replace 
an older oil-fired boiler for the production of process steam. 

Mali's cottcnseed oil mill (HUICOMA) was built in 1981 and has 
a processing capacity of jQQ t/day. Production can be broken 
down as follows: 

- 60 t/day of neutralized oil for local consumption or export 
to Europe; 

- 90 t/day of cattle cake, chiefly for export markets; 

150 t/day of hulls, all of which is used as cattle feed in 
Mali, ei"Cher directly or mixed with crushed cattle cake. 

2 - ENERGY REQUIREMENTS OF MILL 

Primary energy requirements of 
broken down into electricity 
production. 

a cottonseed oil mill 
generation and process 

can be 
steam 

The electricity required by the HUICOMA facility is generated 
by three DUVANT dual-fuel generation sets, each with a rated 
capacity of 640 kW, operating on a mixture of diesel oil (70%) 
and fuel oil (30%). Consumption of petroleum products for 
electricity generation to meet the the internal requi~ements of 
the oil mill is 5,000 l/day. 

Process steam requirements 
200°C. For the first two 
requirements were met by 
5,000 l/day of fuel oil. 

are 3 t/hr at 15-bar pressure and 
years of plant operation, steam 

a boiler consuming approximately 

~he energy requirements 
by pet~oleum croducts. 
in simil~r si~uations. 
focd industries in the 
imported hydrocarbons. 

of the oil mill ~ere thus entirely met 
A large number of Malian companies are 

More than one-half of the major agro
oountry are 80 - 100% dependent en 
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According to World Sank forecasts, the average yearly increase 
in real prices of petroleum will stand at 1.6% between 1982 and 
1995. In view of this forecast, the reduction of an ever
increasing burden of energy expenditure has become a priority 
objective for these industries. 

The HUICOMA operation was a response to this situation. 

3 - SOLUTIONS ADOPTED 

The plant was designed from the 
hulls, which provide a fuel with 
kcal/kg) in order to reduce the 
plant. 

outset to utilize cottonseed 
excellent heat value (3,900 

fuel oil consumption of the 

The first proposition accepted by the Compa.'5wie Francaise de 
Developpement des Textiles (CFDT} involved the installation of 
gas generators operating on compacted hulls, which were to be 
developed in France by the company DUVANT and its subsidiary 
SERMIE. 

Electricity generating sets and the boiler ,,.·ere then desi€:'ned 
to operate on 85% lean gas produced from these hullz;. However, 
-che project was abandoned as a result of t'l:.gh costs for tests 
r-un in France and the difficulties encountered with this type 
of fuel, during both compac-cing and gasific3~ion. 

N~vertheless, it was sti:l possible to us~ .5 .. :: ~/day of hulls to 
meet ~he plant's process heat requiremen~s- pr-ovided that a 
suitable boil~r could ba d~veloped. 

4 - HULL-FIRED BOILER 

At the beginning of 198~. a hull-fired boiler was installed to 
replace -che older fuel oil-fired boiler. ~he new boiler was 
built by in France by F.MOCK (Strasbourg) and has an hourly 
capacity of 2.5 t cf hulls for hourly production of 6 t of 
st.earn. 

Tn respcnse to problems of storage, a hull silo was specially 
designed b7r CFDT, which provides tecnn ical and financial 
support for the project. Hull~ are tr3nspc:-~ed by a screw 
~y~tem and fed into the boiler pneumatica:ly (FAMA system). 

Hulls a:-e burned in suspension by in,jection of air from benea-ch 
the ~::-3.r..e on whi·~i· the hulLs ar-e spread out. A draught fan 

I 
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maintains slight negative pressure in the entire combustion 
chamber. 

Thermal efficiency of the boiler is approximately 80% and 
technical amortizement will take ten years. 

5 - ECONOMIC RESULTS 

The specific consumption of the factory prior to installation 
of the hull-fired boiler was 35 liters of hydrocarbons per ton 
of product processed (10,000 l/day fer 300 tons of product 
processed). The fuel oil savings made possible by the 
installation are thus 5.000 l/d~y. i.e., approximately 
FM 1,500,000/day (FF 15,000) at FM 300/l (FM= Malian franc). 

For approximately 135 days of operation per year (pessimistic 
forecast), yearly savings reach approximately FM 200 million 
(FF 2 million). The total investment cost FM 300 million, 
includi~g FM 130 million for the boiler itself. 

From these figures. the 
calculated as 18 months. 
profitable. 

6 - CONCLOSION 

payback time on the investment can be 
The investment thus app~ars highly 

This project has been successful from two viewpoints: 

- French tec~~olcgy: 

Although most groundnut oil mills have for a considerable 
time uti 1 ized available shells to produce steam or 
electricity, the use of cottonseed hulls for the same 
purposes involved ma.jar hand 1l ing problems { t:-ansportation 
difficulties) and combustion' difficulties (ash, unburned 
sol ids). 

The riUICOMA project demonstrates that the technique of 
combus~ion of oil mill by-products in suspension has now been 
mastered. 

- Mali 3.n policies to promote e-ff"icient and r''.3.tional management 
of local eneriy resources: 

The hull-fired boiler nc-c 'onl:,r allows : !or considerable 
foreign curr~n~y savings, bu~ ~ses only 33~ of the total hull 
production available a~ ca~tl~ feed. ~his reduction :n 
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available resources cf animal feed is relatively low, and 
does not jeopardize the success of the food self-sufficiency 
poiicy followed by the government of Mali. 
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OTHER INDUSTRIES IN THE AGRO-FOOD SECTOR 

COMBUSTION OF RICE HUSKS 

Summary report of speech delivered by Mr Moureau, Director, 
SICA FRANCE RIZ 

1 - INTRODUCTION 

The term "rice husks" is imprecise: it would be :nore 
appropriate to speak of "paddy husks", since the rice that 
arrives from the field. is already known as "paddy··. It is 
surroucded by a sleeve, or husk, that represents approximately 
20% of the weight of the paddy and is removed together with 
anothe::- layer to produce white rice. 

However, 40% of rice is consumed in other forms (steamed rice, 
parbo1ied rice, etc.). Large quantities of steam are required 
to process these products (approximately 1.5 tons cf steam per 
ton ~f steamed rice, and 2.5 tons of steam per ton of parboiled 
rice). 

Tradit:..cnally, the steam was produced from fuel oil. and the 
husks v;er~ stripped off and thrown away. Now it is possible to 
uti:ize t~e paddy ~usks to meet process s~eam requi~ements. 

2 - PRINCIPLE OF OPERATION OF THE PROCESS 

The first two boilers to operate on paddy husks were built in 
1~374 and 1978 respectively. 

The principle of operation is very simple: the husks are fed 
into a .:::ombustion chamber where they are burned in suspension 
at approximately 800°C. The mixture of fumes, air and ash is 
then sent t.o a boiler with an hourly capacity of :)ne ton of 
husks. 

Boilcer feed is assured by a supply system, 
capacity of 25 m3 for 25 t of husks is needed. 
sent dir~ctly into a buffer hopper that supplies 
chamber proportionately to boiler demand. 

and storage 
The husks are 

the combus't.ion 

On leavin( the boiler, th~ ash-laden fumes ~irculate through 
the bciier tubes and are then treated in cyclones to separate 
~h~ ~sh and bring ash content of ~mi~si0n~ intQ l~ne with 
legislar,ion. 
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The ash is recovered and hagged. 
manufactare raises its market value. 

3 - COST BREAKDOWN 

Its ur.iiity in steel 

To produce 25 t:.o~s ot husks per day. 
need.ad ( 25. 000 t·~ns pe:- year) . 

125 tons of paddy are 

The approximate cast of such an installation is FF 3 million, 
~hich can be broken down as follows: 

- boiler ~d combustion chamber: F~ 1.4 million: 

- husk storage, b~iler supply: FF 400,000; 

- dus~ removal and collection of ash: FF ~00,000; 

electrical installations 
FF 800,00C. 

and civil engineering works: 

An identical fuel oil-fired boiler would cost FF 700,000. The 
husk-fired boiler thus involves additional cos~s of 2.3 :nillion 
francs. F·.;el sa·rings :nade pcssi=l~ by ~his inst:.allat:.icn 3.re 
~F 2,080,000 (updated to 1984). 

Additional el~ctrici"ty ~cnsumption :illd i:lperating costs account 
for expenditure or :! l' :320, OCO. A certain amount of revenue is 
generated through sales of ash. Savings on yearly operation 
can thus be calculated as FF 2, 135, 000, which gi•.res a payback 
ti:ne of 13 months on this type o: instaila~ion. 

4 - CONCLUSION 

In 1973, our costs in terms or steam energy per ~g of product 
were FF 0.02 for parbioled rice and FF O.C06 ~er steamed rice. 

In 1984, if -:he plant had stili. 't.een rur.n:.r.g en :uei •)il, unit. 
product costs would have been FF 0.30 and FF 0. 10. The husk 
boiler brings ~hese ccsts dcwn to F? 0.08 and ~F 0.82/kg. 

It is nonetheless true that a rice mill can on~y Ytilize 
available paddy husk3 in this ~ay lI the precess i~ ~cl~c~s is 
based on s~aam p~oducticn so that prices of prGducts remain 
cc:npet i ~ i ~1e. 
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ENERGY PRODOCTION FROM COFFEE HUSKS 

Summary repor~ of speech delivered by Mr Kerever. E~gineer. 
Commissariat a l'Energie Atomique. Member of the Groupe 

d'Echanges Scientifiques et Technolcgiques (GEST) 

1 - INTRODUCTION 

The coffee we buy is prod~ced. by two types of ?rocess: 

- wet method. producing parchment coffee; 

dry method, producing husks, after drying and dehuskin5. 

nusks make up 50% of the total weight of the fruit. They are 
produced in large quantities in certain countries, expecially 
in Af:-ica. Husks are put to few or no further uses and can 
cause environmental pollurion. 

They can be used to replace fuel imports and :neet lccal energy 
requirements. 

2 - RESOORCES AND REQUIREMENTS 

Resources have been assessed .:;n 
dehusking facilities producing more 
coffee ?er year. This level 
approximately 300,000 ~ons 
(100,000 TOE/year). 

the basis of industrial 
than 10.JOC tons of green 
o: production genera~es 

of husks per year 

Energy requirements are highly v~ried: 

Dehusking plants require 400 kWh per ~c~ of coffee produced. 
·~hiefiy f1)r electricity. d.rying and transpo:-tation. 

Other industries (~~cao. =ice. cassavs, etc.;, when har'lests 
·~:)incide. 

Other locsl requi:-emen~s also exist: par~~al repl~~emec~ of 
wcodfuel o:- cha=coa: by briquectes er ~h~=coal fjr~e~ ::-cm 
cor·:ae ~uskz;. 

It should be s~ressed' that coffee husks cause thr~e types o~ 
problem: .:;~or~.;Se (con~;~i.derable space re·=tuirements' close to 
dehus~i~g faci!i~ies ~ue ~o :.;w ~eight per unit 'lo~umej, cd~r 
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( -chr•:mgh fermem::.ation}. 
cf by burning). 

and combustion (when was~e is dispcseci. 

3 - PLANNED ACTION 

:'he r~asons cutlined abcv'= ·1ere =enl.nd cur decision to .::~amine 
the problems encountered :~ the utilizaticn of ccffee husks 
ur.der a program led by ~he association GEST, the Agence 
Francaise pour la Maitrise de l'Energie (ArM~; and the Minist~y 
oi the ~nvironment, ~ith ~ha technical support cf the CEA and 
~he Insti~u~ de Racherche sur le Caz& et le Cacao <IRCC). 
Several manufacturers were also involved in the program. 

Twenty tens of coffee husks were sen~ from Ivery Coast (a major 
~cf'f ee :;;>r'Jducer. -,.,i -ch lo dehuskins:; f :aci .!. i ~ ies hand: ing more 
-chan 10, QtjO tens each). The husks were distrib1..:ted among toe 
differen~ equipment manufacturers for use 4n research into 
u~ilization of this by-prcd~c~. 

4 - CHARACTERISTICS OF COFFEE HUSKS 

:'he phys :,~al and. chemical proper't. i es of are 
si~ilar to those cf o"Cher fc~~s biomass cf ~n:s ~y9e, ; l~n 
moisture conten1::. of 3 - 18% and ash :~cn"t;er.t .J: r]. 5;.; in~:'..t.;ding 

appreciao:e levels of s11:ccn. 

Ei.gher heat vaiue is 13. 000 ~J/kg, c:..:o::. we:gn1; :;?er unit vcl.ume 
is low. C . .Jmbusticn :nvo: ves :-is:;:s .-:,f cl inker f cr:nal:.i•::n :iecause 
cf ~:1e 
::iec~use 

?!"<esence 

5 - ONGOING TESTS 

of si.:i~cn, 
size is ve::y 

of pa~ticle ~~~~~inment 

,}1,.;r cb.j-::c-:.i·.r~s in e:<:a:nining t.he i..;til:za~icn pct.ani:.ial. cf cof:'ee 
~usks ar~ as fol.lows: 

- ~o cu~!lne 1:.:!erent ~3ndli~g ~odes 
p1Ji'lrer:z~,i ~1t~sk.::; .: : 

:Iraru lated, or 
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solutions might include gas generators. burners, or charcoal 
kilns. 

to analyze 
techniques 
technology_ 

and evaluate results 
wi~h the AFME in 

in order to promote these 
countries requiring such 

Test are currently being run on crushing precesses to convert 
husks into pulveri~ed. biomass {for combustion in burners) or 
intc granules tor use in boilers or gas senerators. Another 
handling process based on extrusion pressing is under 
ex.:llllination. Carbonization processes under examination include 
the production of compacted husk charcoal, and den~ification of 
carboni~eci husks. ~e ha~e no results from this research a~ 
this time. 
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PRODUCTION OF ENERGY FROM FORESTRY BY-PRODUCTS HND PRIMARY 
PROCESSING INDUSTRIES IN MIXED TROPICAL FvRESTS 

Summary report of speech delivered by M::- Vergnet, Centre 
Technique F0restier Tropical ( CTF-:-' · ·~~orci.inatcr of the 

Woodfuel E'rogram. '?:-ance:} 

Between weed in the forest and -cne product mP-keted after 
primary processing, volume is generally reduced y S5 - 75%, 
snd a certain amount is completely wasted -chr~1.,;gh . rnin.1$. This 
situation is serious. ~e are going to examine possible 
remedies by anayzing respectively: the i~dus~rial sec~or, by
prod.uc~s. and a case study that provides a meaningful 
indication oi the future situation. 

l - THE INDUSTRIAL SECTOR 

Lew levels of efficiency in processing have brought ind~stries 
closer to thei~ areas of supply. One ?0Sitive csnsequence of 
this tendency is -chai; all by-pr-:id:.icts are cc::•.::en~rateci a~ the 
same loca~:...:m, and it is thus eas 1er ~c look in-co ways or 
utilizing these by-produc~s. 

I:'ldust.ria~ timber compie:ces 'that are currently being set up or 
planned ~re large-scale facilities within wnich different 
technologies will have cppcr~unities to develop. provided they 
optimize production. The si.ze and diversity of these complexes 
lead tc ~cnsiderable and 'l'aried energy requirements. All 
alt.ernatives to pe-r;rol-?um products. which are used 
~raciitionaliy and at great ~~st. are ~hus li~ble to be of 
incerest. pari;icularly if t~esa alternatives involve the use of 
~he by-?rcducts that are already iVail~bl~ on site, ar.d that 
are technically ~nd psychcliically very dif~icult to deal with. 

2 - BY-PRODUCTS 

unlike by-products frcm other industries in the agro-focd 
sector. those in tne tirnbe~ industry are highly mixed in terms 
of physica:. mechanical and chemical properties, 3nd requir~ 
very varied handling procedures. Utilization cf chese by
products is only possible ;~ processini techniques are well 
sYited to a~ch differ~nt typ~. 
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2.1 - Forestry 

Roads and storage clearings account for 2 - 3% of total forest 
area, and represent approximately 200 m3 of industrial timber 
per hectare. 

Forestry operations therusel ves leave at the base of the tree 6 
- 10% of stock volume in the form of tios. 19 - 23% of the 
remainier ia left at the side of roads o~ in log preparation 
clearings. It is uneconomical to collect the products left at 
the f 1::i•::it •:-if the tree or in clearings in the forest. 

The 200 m3 of industrial timber per hectare- can be collected 
economically, but varieties are very mixed {several hundred 
different species; specific gravity from 0.3 to 1.3; diameter 
from 0.2 to mere than 2 m). Processing techr.iques for this 
timber are not developed on the scale of the companies under 
consideration. Only the fruit bearing shoots left in roadside 
clearings (average diameter: 0.6 - 1 m) can be ma::>bilized, but 
this operaticn involves high costs for recutting and sorting. 

2.2 - Processing 

The type of by-product depends on the 
technique adcpted: sawing, pee 1 init ( :-::.t.,,a·y 

primary processing 
cutting) or slicing. 

Yield varies from 30 to 50%, depending on the quali~y ot the 
raw material, the finished product, the machinery used and the 
~ncwhow of operators. 

B~,r-prcducts thus represent 50 - 7C% of the ·mlume of processed 
timber, and, in sawmill processing for example, are made up of 
6 - 3% sawdus~. 4 - 6% bark, and 37 - 43% heavier waste: edge
saw cuttings, offal timber and flitches sometimes weighing 
100 kg or more. 

Al~hough these by-products are highly mixed, they can for the 
mes~ par~ oe handled economical~y and thus utilized. 

3 - CASE STUDY 

The case Ynder e~3mination is a timber complex in the Congo 
basin with forestry operations of 100,00 m3/year, including 
sawin( of 50,COO m3 of le~~ per year. and slicing of 
d. 01:0 :nJ / :1ear. 

The ~neriY requirements ot 
(installed power: 2,300 kW: 

~he complex in~l~de elac~rici:y 
weekly consump~ion: 88,~0G kWh) and 
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heat energy {106.000 th/week in the form of 10-bar steam). 
Available by-products represent 1.240,000 th/week, i.e., close 
to 4 times requirements (calculated as 320.000 th/week). 
Energy produ~tion relies on two boilers (27 t/hr. 25 bars, 
325'C) two AC generators and a stand-by diesel unit (40~ kW). 
This equipment is reliable and well suited to the needs of the 
complex. 

Additional investments involved in the production of energy 
from by-products are around FF 10 million, with ~ payback ti~e 
of around 3 years. 

Thus, the satisfaction of the energy requirements (electrici+:.y 
and steam) of primary processing complexes through the 
utilization of by-procucts now seems a reliable and highly 
economical solution. 

!forestry facilities of the f~ture will have suitable 
characteristics, and, under the press1.ire of governments that 
are showing an increasing tendency to cooperate in this 
respect. should help make the utilization of by-products for 
the prcduction of energy a gener~liy accepted practice. 
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PRO.JETS PRKSDITKD BY PARTICµ>AHTS J'ROM DKVKLOPIHG COUNTRIES 

Summary repprts of speeches 
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ARGENT IHA 

report of speech delivered by Mr Rosman, Vice
President, Bank of Santa Fe 

The production of alcohol from sugarcane and other agricultural 
products has recently taken on considerable importance as a 
profitable way of countering the energy deficit. 

1 - INTRODOCTIOll 

How can petroleum products be partially replaced, providing 
ecological and qualititave advantages for the country, and at 
the same time having a positive effect on the national product, 
the balance oi trade, and the foreign curren~y balance, and 
reinforcing the sovereignty of the nation? 

How can new employment be found, making it possible, in view of 
the type of jobs involved, to reverse the negative tendencies 
of falling populations in rural areas, and increase the 
country's production of goods and services? 

It is possible to meet these objectives in 
provided. that technological innovations are 
applied to the production of alcohol as a 
petroleum products. 

2 - OBJECTIVES 

the short ter:n, 
introduced and 

replacement for 

Six provinces of Argentina have been working together on a 
project that is a good example of regional integration, and 
that will make it possible to contribute very considerably to 
the supply of energy, to solve certain problems in deprived 
areas where jobs can be created, and to improve the social and 
economic situation, not only of the region, but of the country 
as a whole. 

A program of this kind has very significant consequences on the 
society and economy of the country, and its effect cannot be 
gauged in terms of energy alone. 

The ~arket demand for alcohol will be sufficiently wide and 
stable to make it possible not only to solve the problems !aced 
by those regions that will be able to produce sugar with 
agricultural sur~lus and sufficient industrial capacity, but 
wi 11 also open nf!w bar: ..:ons to the ~conomi1c development of the 
agro-food industries that are involved in ~his production. 
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Moreover, there will be a considerable effect on other 
activities supplying goods and services: industrial equipment, 
machinery, fertilizers, pesticides, etc. 

3 - RIGIOHAL ASPECTS 

In view of its size, Argentina bas a very complex and varied 
regional infrastructure. Thus, the Northern provinces, located 
farthest from the ports through which petroleum is imported, 
are the areas where conditions are most favorable to the 
implementation uf alcohol-fuel projects. 

The six regions 
geographic unit. 
same problems. 

affected by 
They have much 

the project cocsititute a 
in common and encounter the 

The development of alcohol production in these regions 
strengthen the bonds between the different parts of 
geographic unit. 

will 
this 

Unlike other provinces, where fuel market conditions do not 
justify the implementation of an alcohol production project, 
the Province of Santa Fe offers a potential market for alcohol 
production that has no equivalent io other fuels. 

Santa Fe has thus been selected to lead the first phase io the 
project, which involves a pre-feasibility study (which is 
essential, in view of the level of investment required ($13 -
14 million. it .. cluding $3 - 4 million for waste treatment). 

4 - CONCLUSION 

The private sector will be participating extensively in this 
project, providing capital and carrying out studies: a State 
company does not appear necessary in this instance. 

Nevertheless,_ the technical cooperation of international 
organizations for research support and facilitation of the 
transfer of technology, .. nd that of France and other developed 
countries in a position to enha.~ce the reliability of 
investment projects, would be most welcome, particularly with a 
v~ew to making it possible to set and develop productive and 
export-orientr,-d activities ~hat will help us reduce our foreign 
debt. 
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BOLIVIA 

Summary report of speech delivered by Mr Trepp, Project 
Director, CONNAL National Consultants 

Our project involves the manufact.ure of organic fertilizers 
through anaerobic fermentation of available waste in Bolivia. 

1 - TBK CllALLKNGK 

There is a serious problem of soil erosion in Bolivia's crop
growing areas, and this phenomenon has repercussions on 
agricultural yield and on socio-economic aspects of the 
agricultural sector. It is thus essential to take immediate 
action at all levels in an effort to slow the process of 
cropland deterioration that is the result of excessive 
cultivation and inappropriate agricultural practices. 

Striki~g illustrations of the situation are provided by the 
cereals sector, where our average yield is 0.7 t/ha compared 
with optimum yield of 4 - 5 t/ha. 

In industrial crop production, we achieve sugarcane production 
of 42 t/ha, where the ideal level is 100 t/ha. 

In the Santa Cruz region, some 1.5 million hectares are 
affected by this process of deterioration. 

2 - AVAILABLE WASTE 

We have conducted a market survey for the principal agro-f ood 
industries in the East of the country, i.e., around Santa Cruz. 
Sugarcane production is the primary source of agro-f ood waste 
in this region, and oil mill waste is also available. 

Grape production is' fairly well developed in the South of the 
country, and provides various waste products. 

In the tropical North-West of the country, sizeable amounts of 
coffee husks and parchment coffee are available. 

' 
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3 - THE PROJECT 

The project has two phases: 

- The installation of a 
technical adaptation. 
different raw materials. 

pilot complex, 
for examination 

with 
of 

capacity 
treatment 

for 
of 

This pilot plant is designed with two 20 m3 digesters that 
can be operated simultaneously or individually for ~reatment 
processes involving high levels of dissolution. 

- A prototype (capacity: 1,740 m3) will then treat the waste 
products from a sugar production facility (causing high 
levels of pollution) and from the region's dairy production 
facilities and abattoirs. 

4 - ECONOMIC ASPECTS 

The project considers the production of energy from biogas to 
be of secondary importance. Our principal objective is not the 
energy aspect, but the production of fertilizers. 

The economic advantages presented by the conversion 
vegetable by-product, e.g., bagasse,' into a fertilizer, 
subject of much more controversy than' are the advantages 
same process in terms of energy. ' 

of a 
is the 
of the 

It can be said, however, that production costs (that exist for 
fertilizer production facilities in ' the same way as for any 
other plant) will be offset by the very high price levels that 
can be calculated for a product with :similar nitrogen content. 

5 - CONCLUSION 
' 

The potential uses of these fertilizers are infinite, and 
Bolivia needs a large number of ,plants of this type if 
agric~ltural production is to return ,to a normal level. 

The project was conceived in the private sector, but efforts 
should be made to involve the State, which could then attempt 
to obtain financing for an exhaustive study, which would 
ideally be carried out in association with national companies. 
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COLOMBIA 

Summary report of speech delivered by Mr Beltran, Director 
General, National Educational Foundation for the Development of 

Agriculture and Livestock Production CFEDAN) 

The principle objective of the Foundation is to provide 
assistance to Colombian peasants who have few economic 
resources. Several programs have been set up in Colombia to 
develop systems of treatment for abattoir waste. 

1 - TBK PROJRCT 

The project introduced here has been submitted jointly to UNIDO 
and the French government. It involves an integrated pig and 
cattle prcduction cycle based on the use of agricultural waste. 

The project is located in the Meta province and consists of: 

- extension of an existing livestock breeding facility to 
increase production from 700 to 3,000 pigs; 

- construction of a production unit for pasteurized food.stuffs 
for cattle (from market and abattoir waste) with a capacity 
of 1,500 l/hr; 

- construction of a biogas production unit (550 m3 digester) 
operating on slurry; 

- construction of a gasification unit operating on rice husks 
(200,000 t) for the generation of elec~ricity for use at the 
farm ( 100 kW). 

2 - CONCLUSION 

This integrated pilot plant is the first of its kind in Latin 
America, and is liable to lead to similar projects both in 
Colombia and in neighboring count~ies. 

The project could be implemented over a two-year period 
starting in 1985. 

It aims to favor pig production and thereby generate foreign 
currency earnin~s for the country. 
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Colombia is witnessing a drop in its currency reserves. The 
project will help the country avoid imports of raw materials, 
such as soybean cake, fishmeal and cereals. 

The model project has three different aspects: 

1} the transfer of technology 

2) the supply of necessary equipment 

3) a training and integration program. 

When the prcgra!D has been completed and operation is underway, 
we plan to organize a seminar for all Latin American countries 
to assess the project from the viewpoint of communities in 
Colombia and elsewhere. 
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IVORY COAST 

Summary report of speech delivered by Mr Kanan David. Technical 
Director, SODEPALM-PALMINDUSTRIE 

1 - INTRODUCTION 

Since 1960. Ivory Coast has extensively developed 
production, and is new the world's third ' largest 
after Malaysia and Indonesia. 

oil palm 
producer, 

In our oil mills that are 
solid waste is utilized: 

energy self-sufficient, almost all 
' 

Bun~h refuse is incinerated in pi ts dug: in the ground, and 
the ash obtained is spread on the plantatipn as fertilizer; 

' 

- Fiber and shell debris are utilized as fuel in the boilers to 
produce the steam required to drive a turbine generator for 
electricity generation, and as a source , of heat for the 
production process; 

- Shells are only partly utilized, as a make-up fuel for the 
boilers. 

However, liquid waste was dumped until 19~8-1979, when tests 
were run on a pilot methanization plant. 

2 - PILOT PLANT AT DABOU 

This pilot plant is made up of a 20 m3 fe~entation unit into 
which sludge is pumped continuously. The s,ludge has undergone 
prel iminar:,r aerobic fermentation after being' stored in a buffer 
tank. I 

Only sludge froai the clarification process has been treated to 
date in this fermentation unit. This slu~e contains 50 g of 
dry matter per liter (5%), 100,000 mg 'raw COD/liter and 

' 35,000 mg 8005/liter. 

Digested sludge floats to the surface and fl:ows into a settling 
tank for aerated lagooning, while conce,ntrated. sludge is 
recycled. 

' 

Biagas is injected constantly into the digester to ensure 
homogeneity, and the sludge circulates thr,ough a water heater 
operating on biogas to maintain digester temperature at 35°C. 
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Tests were run over a one-year period, and results were 
particularly good: 

residence time in digester: 14 days; 

biogas production 
digester capacity; 

. 

in fermentation unit: 2.86 m3/m3 of 

. overall biogas production: 40 m3/m3 of waste. 

Biagas yield per unit of untreated waste is excellent compared 
with the results obtained in Malaysia, for example, where 
biogas yield was 28.8 m3/m3 of untreated waste. 

3 - PROJECT FOR THE INSTALLATION OF All INDOSTBIAL PROTOTYPE 

Three objectives are sought: 

- reduction in pollution levels by significantly reduced COD 
(more than 90%) through anaerobic treatment; 

- utilization of products of the methanization process: 

biogas for electricity generating sets for lighting in 
factory staff accomcdation; 

digested. sludge for possible agricultural use; 

- construction of a prototype that could serve as an example to 
the entire region. 

3.1 - Action taken 

Under the auspices of the Ministry of the Environment and the 
Conseil de l'Entente, a fact-finding mission was led in 
November 1983 by Mr de Gromard of the AFME (Agence Francaise 
pour la Ma1trise de l'Energie), who proposed a visit by 
technical specialists to assess the research prcg~sm proposed 
by the Ministry and the company PALMINDUSTRIE, and to estimate 
the costs of pollution control. 

T~is technic3l and economic visit was ~acie in January 1984 by a 
specialist from the company BIOMAGAZ. His conclusions were as 
follows: 
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- The cost of upgrading the Dabou pilot unit is so high that it 
would be wiser to consider installing a new plant. 

- The results obtained from this unit and the statistics 
collected in the field confirm that the methanization of palm 
oil mill effluent is an economically viable project. 

3.2 Further action 

The project has not found financing to date. The Conseil de 
l'Entente is very interested in the project and has already 
contacted financing institutions with a view to implementing 
this project, but full financin.g bas not yet been granted. 

Additional studies must still be carried out into the 
biological aspects of the project (biogas yield and 
composi~ion), as well as into technological and tecbnico
economic factors. 

Further, a more accurate assessment should be made of the 
~ossible uses of bicgas and treated sludge in ~bye light of the 
organization and requirements of each of ?ALMINDUSTRIE's twelve 
industrial facilities. 

Finally, provisions must be made for design engineering, 
technical assistance for the construction and operation of the 
plant, and, if necessary, staff training. 
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IVORY a>AST 

Summary report of speech delivered by Mr Traore, Societe 
Ivoirienne de Technologie Tropicale (I2T) 

1 - IHTHOOOCTIOM 

This project involves the use of a low-capacity gas generator 
operating on parchment coffee, and aims to further our attempts 
to master the use of the suspension-type gas generator, in 
response to the good results obtained with gas generators 
operating on coconut fiber and hevea (rubber tree) wood. 

2 - PROBLEMS ENCOONTKRKD 

In coffee plants in Ivory Coast, parchment is not utilized at 
present, and is completely wasted through burning. This 
parchment can be utilized to supply a gas generator producing 
lean gas to run a diesel-engined electricity generating set. 
The energy savings achieved would reduce cost price of the 
finished product. 

In order to utilize this by-product, however, the capacity of 
the gas generator must not exceed 140 kW, ~ince the dimensions 
of this type of e<;.uipruent are such that ~1arrow cross-sections 
are required, and circulation problems can arise, particularly 
with parchment coffee. 

Further, gas generators manufactured. in industrialized 
countries are generally not specifically designed for these 
uses, since they are either designed for higher power levels or 
else because they are not suited to the use of by-products such 
as parchment coffee. They are not usually intended for use in 
developing countriP.s, since this would require robust design, 
simple operation and easy maintenance. 

3 - THE PROCESS 

The gas generator planned is fairly conventional, 
vertical combustion chamber mounted over an ash box. 
however, have a number of more original features: 

with a 
It does, 
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- There is no grating between the combustion chamber and the 
ash box. 

Air is injected. in the center of the ash box in order to 
monitor particle size. 

- The base of the ash box is fitted with a hydraulic seal and 
two injection nozzles for injecting cool air into the center 
of the hearth and thereby reduce the formation of fusible ash 
around the perimeter. 

- Facilities are planned to allow for the suction of water 
vapor and gas from the top of the combustion area for drying 
the product. 

4 - COST BREAKDOiiN 

Costs are presented. below {'000 CFA francs): 

EQUIPMENT COST 

Gas generator 20,000 

Electricity generating 
set {150 kW) with dual-
fuel engine 35,000 

2 fans {600 m3/hr and 
150 m3/hr) 8,500 

Pipes and valves 1,000 

Scrubbing system + pump 500 

Gasometer {25 m3) 8,000 

Connections {electrical + 
en~ine supply) 1,000 

TOTAL 

The transportation 
development studies 
million CFA francs) 
million CFA francs. 

------------
74,000 

of parchment coffee {3 million CFA francs), 
{5 million CFA francs) and labor costs (30 
bring the total cost of the project to 112 
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IVORY COAST 

Summary report of speech delivered. by Mr Sery Gale, Director 
for Agro-food Industries, Ministry of the Interior 

1 - INTRODUCTION 

There are three principal sources of wood waste: 

- Deforestation for agricutural purposes: it is difficult to 
gauge how much waste is generated by these activities, but 
some 500,000 hectares of forest are felled for this purpose 
every year. 

- Forestry activities: 
million cubic meters 
marketable timber, 3 
approximately 12 - 16 

Ivory Coast produces an estimated 4 
of timber each year. For every m3 of 
- 4 m3 are wasted, which represents 
million m3 of unused wood. 

Sawmills: of the 4 million m3 of timber, 1.8 is sent to 
sawmills. Our sawmills operate at 40 - 42% efficiency. 
Approximately 1 million m3 of sawmill waste is thus generated 
each year. 

2 - DESCRIPTION OF PROJECT 

We believe that these waste products could be utilized to 
produce gas, and we have prepared a preliminary project 
concerning the gasification of sawmill waste. 

In view of the levels of efficiency attained by sawmills in 
Ivor.y Coast, these facilities are forced to destroy large 
quantities of waste. The use of this waste for the generation 
of electricity seems an economical method of minimizing the 
cost price of the finished product. 

Possibilities include combustion and the production of lean gas 
through a gasification process. 

The gas could be used directly in an en'gine designed to operate 
on lean gas driving an AC generator to 'produce electricity. 

' 

The method that is most appropriate 'for developing countries 
seems to be the gasification process.' Gasification makes it 
possible to limit investment and enhanqe energy efficiency. 
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The process planned under this project involves: 

- processing of waste into cubes of approximately 4 x 4 x 4 cm; 

- partial drying of wood; 

gasification in a vessel that could be built in situ; 

- partial ded.usting of gas; 

- three stages of filtration of gas. 

The gas could be used to run a diesel engine. that could be 
transformed with a system of regulation. 

3 - CONCLDSION 

To ensure the suc~ess of this project. efforts must be 
concentrated on the-·' handling of the sawmill waste, the drying 
of this waste, and the manufacture of gas by the gas generator. 

All these phases could be carried out in Ivory Coast, and our 
intention in coming here today is to find a suitable 
technology, as well as financing for the implementation of this 
project in situ. 
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IVORY COAST 

Summery report of speech delivered by Mrs To.ka Djega, 
Directorate for Agricultural Planning and Modernization and 

Utilization of Agricultural Products and By-products, Ministry 
of Rural Development 

1 - DfftODOCTIOH 

The project that I am going to speak to you about involves the 
recovery of forest clearance waste for subsequent production of 
gas in rural areas. 

The project is in fact a pilot project and forms part 
rural planning strategy adopted by the Ministry of 
Development in an aim to increase recognition of 
population groups and improve their standard of living. 

of the 
Rural 
rural 

2 - DESCRIPTION OF PROJECT 

The Directorate 
Utilization of 
am representing 
by-products. 

for Agricultural Planning and Modernization and 
Agricultural Products and By-products, which I 
today, is proposing to utilize forest clearance 

These by-products consist of twigs, dead leaves and tree trunks 
that are discarded during clearance activities. Clearance 
activities can be classified as follows: 

- Clearance of large areas carried out by the forestry 
commission SODEFOR under the reforestation plan. These 
activities are controlled by the Ministry of Agriculture, 
Water Resources and Forests. 

- Large areas are also being cleared for young farmers to 
become established. The number of operations is small, but 
the total area involved is considerable. 

Small-scale farmers are clearing forest areas in a larie 
number of locations. 

Each of these types of clearance activity generates substantial 
quantities of by-products. 

Collection and 
production will 

utilization of these 
make it possible to 

by-products in biogas 
solve various problems 
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(accumulation of waste in cleared plots, the absence of 
electricity supply in remote areas, supply of diesel oil to 
remote areas equipped with generating sets, migration of young 
people to cities due to a lack of basic comforts in rural 
areas). 

In an effort to solve these problems, we propose the following 
program: 

- quantitative assessment of by-products; 

- examination of profitabiltiy of project; 

- selection of a rural location for the project, aiming to meet 
the lighting requirements of a village; 

- design and construction of a suitale gas generator operating 
on wood and dead leaves; 

- collection and drying of by-products; 

- start-up of gas generator; 

- production of gas to supply a diesel-engined electricity 
generating set of 50 - 100 kW, aiming to supply the 
distribution grid of a village of 200 - 300 inhabitants. 

3 - CONCLUSION 

Our project is still in the early stages of development, and we 
have not made a full examination of all the aspects of the 
proble'll. We hope and believe that the presentation we have 
made today will attract the interest of all the financing 
institutions and companies we have come to meet. 

The Dii:ectorate for Agricultural Planning and Modernization and 
Utilization of Agricultural Prcducts and By-products will be 
happy to provide those or1anizations with further details of 
the project, so that work can be started ~ soon as possible. 

Mrs Toka Djega then proceeded to give with 
a brief presentation of another project 
concerning the gasification of rice husks 
generated by Ivory Coast's six rice 
processing facilities. 
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Close to 45,000 tons of paddy were 
processed by these facilities towards the 
end of the rice season. Average yield is 
77S, leaving 23~ waste materials. Waste 
thus represents approximately one-quarter 
of the total weight of processed rice 
(11,000 tons). 

This waste is due to increase in volume 
considerably by 1986 under the emergency 
rice program that has been launched in 
Ivory Coast. 

Rice processing facilities are installed 
throughout the country, and initial 
problems thus include the selection of a 
site for the project and the collection of 
waste products. 
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CUBA 

SuDJDarY report of speech delivered by Mr Tutor Sachez, 
Specialist in Project Analysis and Development, State Committee 

for Economic Collaboration 

1 - BACKGBOOND 

The first biogas production plants (operating on pig slurry) 
were not built until 1982. 

A nationwide survey was carried out to determine 
sufficient quantities of rav material existed in 
justify the development of this technology. 

whether 
Cuba to 

In the cattle, pig 
potential resources 
equivalent). 

and poultry breeding sector, for example, 
stand at one million TOE (tons of oil 

Aside from the energy aspect of this project, such a solution 
overcomes the hygiene problems pos6d by the accumulation of 
livestock and poultry excreta. 

The basic goal of the project is to develop a system of highly 
efficient anaerobic digesters for pig breeding centers located 
throughout the coJntry, in an aim to produce biogas and 
fertilizers that can be utilized by each of those centers. 

2 - PLANT CAPACITY 

Calculations were made in a pig breeding center with a capacity 
of 24,000 pigs producing 650 m3/day of ~lurry with 1% dry 
matter content (due to high levels of dilution: 27 liters of 
water /day I animal} . 

One digester can thus be loaded with 80 m3 of slurry with 8% 
dry matter content. 
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2.1 - The energy aspect 

- Average electricity consumption of the centers is 50 kWh/day. 

- Two electricity generating sets 
planned for each center, one of 
unit for use in peak periods. 

(unit capacity: 50 kW) are 
which would be a stand-by 

2.2 - The economic aspect 

The Cuban Ministry of Agriculture has approved this project, 
but financing is now required from an overseas body. Financing 
would cover equipment costs and the technical program, 
supervision of construction and installation of the plant, and 
training of the Cuban staff that will work within the company. 

Financing requirements have been estimated at $720,000. 

Cuba would handle civil engineering, heating, hydraulic and 
electrical plant with technical assistance from ab~oad, costing 
an estimated $1,200,000. 

3 - CONCLUSION 

The production of biogas in pig breeding centers is a 
response to current problems such as environmental pollution, 
hygiene, and the production of organic fertilizers from waste 
materials. 

- Raw materials are available, 
carried out throughout Cuba, 
energy potential of these 
conventional energy sources. 

as was demonstrated by a survey 
and it is possible to use the 

raw materials to replace 

- Results of a pilot plant have made it possible to confirm 
that pig slurry is an interesting source of biogas, allowing 
for high yields and relatively short retention times. 
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The use of biogas produced in anaerobic digesters has the 
following advantages: 

. relatively low investment costs; 

simple, accessible 8Dd unsophisticated technology; 

possibility of centralizing utilization and production of 
this energy so as to minimize transportation costs; 

minimal risks of environmental pollution. 
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DOMINICAN RKPOBLIC 

Summary report of speech delivered by Mr Pou, Head, 
Technological Coordination Bureau, National Commission for 

Energy Placning (COENER> 

1 - INTRODUCTION 

I am going to introduce the agricultural program that we have 
implemented with a view to utilizing wood as a scurce of 
energy. 

The Dominican Republic covers an area of 49,000 km:, of which 
60% is mountainous. The population of 6 million is growing at 
a rate of 2.6% per year. The energy cr{sis which the Dominican 
Republic, like so many other countries, has experienced over 
the last few years, is primarily due to the very high cost of 
petroleum and petroleum products. This crisis has led us to 
seek other sources oi energy, and the use of traditional 
sources of energy bas thereby been rationalized. 

Traditional activities involving the use of wood for the 
producticn of woodfuel and charcoal have had an eff ec~ on the 
co~ntry's ecological balance, and large areas of forests and 
woodland have been cleared. 

Over recent years we have developed the concept of energy 
plantations. That concept involves utilizing a number of areas 
of dry, semi-dry and wet woodland for -r·-~ production of 
woodfuel from rapid-growth trees. We believe that this can 
help meet fuel requirements in rural and urban areas, which in 
turn should bring a sharp decrease in the rate of 
deforestation. 

2 - CURRENT SITUATION 

At this time approximately 75% of the population uses woodfuel 
for cooking purpos9s. Bakeries and rural brickworks also use 
,woodfuel. 
I 

,Twenty-five percent of the nation's energy requirements are met 
,by wood, of which 82% is consuced by households. The main 
,source of this woodfuel is dry wocdiand, which covers some 
,600,000 hectares, but semi-dry and wet woodlands also provide 
,woodfuel, and cover 440,000 hec~ares iri the mountainous re~ions 
,of the country. It is estimated that ~oodfuel production would 
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require clearance of 140,000 hecta:es of woodland, since 
average yearly consumption is 0.45 m3 of wood per inhabitant. 

Requirements are thus 270,000 hectares per year. According to 
assessments that have been made, forestry reserves for wood.fuel 
and charcoal could be exhausted by 1987 if an energy plantation 
program is not implemented very rapidly. 

3 - THE CORNER PROGRAM 

A series of studies and research projects have been carried out 
under the wood.fuel production program that we have been 
carrying out since 1982. including: 

- strategic planning for woodfuel charcoal and charcoal; 

- preliminary analysis of the energy plantation project; 

- assessment of financial possibilities for forest plantations; 

- outline of 12 different projects for energy plantations; 

- p~eliminary project 
plantations; 

for the creation of comm2rcial 

study of the processing ofdry wood from native species; 

- tests on species occurring in all ecosystems in the country 
(eucalyptus. citriodora. etc.); 

- installation of a gasification plant with several types of 
kiln, for the production of charcoal. 

Several rural communities already have small areas of woodland 
that are utilized for the production of their own charcoal. 
Dry woodland is of great importance. The Agricultural 
Institute uses 1,000 hectares as a test area for energy 
plantations. 

Certain areas of wet woodland are also available for 
experiments. but the work is being carried out by companies in 
the private sector. We these companies technical assistance to 
ensure that experiments continue. 
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4 - REQUEST OF 1.llE CODD 

The work that has already been successfully completed 
demonstrates that technical solutions are being found to most 
of the problems that we have encountered during the development 
of this program. We have already identified the species of 
native trees that are most suitable. The yield and performance 
of forestry systems and charcoal production techniques have 
been enhanced. 

Under these conditions,._ .tha government of the Dominican 
Republic consider3 that the creation of energy plantations io 
the short term, particularly in areas close to the edge of 
existing dry woodland, should be a priority of the national 
energy policy. 

A number of private banking institutions, including the Groupe 
Financier Populaire {one of the country's largest financing 
institutions) have demonstrated their interest in this program. 

Nevertheless, in view of the importance of the program, we feel 
that a development fund should be set up to centralize 
potential or existing private initiative in the field of 
production of wood as a fuel source. 

For the creation of this fund, the Dominican Republic is 
seeking the participation of overseas financing institutions 
and foreign investors that are interested. in establishing 
energy plantations in order to develop the process of woodfuel 
and charcoal production, and that would be willing to make 
joint investment committments with the government or with 
private bodies. 

3 - CONCLUSION 

We believe that a feasibility study should be car~ied out to 
assess the economic advantages that such investments can bring 
to interested organizations. 

We request financing for this study from the Consultative 
Committee. A summary report of work carried out to date would 
be required, as well as an analysis of the cur~ent market for 
wood as a fuel source and as a raw ~aterial for gasification 
and combustion (charcoal, woodfuel, et~.). 

Studies must also be made of the financial viability of the 
project, and of the conditions in the country in 1985. We also 
believe ~hat work must cover the various different ecosystems 
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of the country. The study should be made over a period of five 
months. Investors must be involved either in wood.fuel 
production projects, or in charcoal conversion projects. 
Financing can come from mixed sources (private and public) and 
a final report should be submitted. towards the middle of 1985. 
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EGYPT 

Summary report of speech delivered by Mr Khalek, Chairman and 
Chief Executive, United Group 

We have recently completed a feasibility study of the 
construction of an organic waste treatment plant for household 
waste. 

1 - CHOICE OF SYSTEM 

The population of Egypt is growing, and 
deforestation is reducing the quantity of 
shortage of forage is imminent. 

at the same time 
available wood. A 

Furthermore, soil quality is deteriorating due 
cultivation, and pollution cause by municipal 
waste are increasing. 

to excessive 
and industrial 

Certain types of waste, such as paper, plastic and glass, can 
be re-used. 

The above reasons have led us to adopt composting as a system 
of precessing household waste. 

2 - THE PROJECT 

Egypt already has some experience in the field of composting: a 
private plant treating household waste has been set up without 
financial support from the municipality, and has been followed 
by five other projects located in different areas of the 
country. 

We have recently completed a feasibility study on combustion 
and composting of the organic matter contained in household 
waste. 

When applied to a city of 500,000 inhabitants, the plant will 
be able to treat 100 tons of household waste per day, to 
produce 60 tons of compost in an initial period. 

Subsequently, it will be possible to collect all other 
compostable materials, and compost production could be doubled 
(depending on requirements) after two or three years. 

The total cost of the project has been estimated at 
million, but if capacity is doubled from the outset, 

FF 25 
costs 
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would be 25% lower. Selling price of the compost produced by 
the plant will be FF 300/ton. The payback time on an 
investment of this type is at least ten years. 

3 - THE PROCESS 

The organic matter contained in the household waste undergoes a 
period of decomposition during which micro-organisms convert 
the waste into useful nutrients (natural fertilizers). 

The principal parameters of fermentation are 
temperatire, moisture content and particle size. 

oxygen, 

Micro-organisms involved in anaerobic fermentation can produce 
toxins: temperature levels must be high enough to initiate 
ionization. Experience has shown that 2 m3 of oxygen are 
required, particularly during the first two weeks of 
fermentation, and that oxygen demand then falls gradually. 

The physical or chemical properties of certain substances can 
have a negative effect on the mixture. High organic matter 
con~ent, however, is a favor~ble factor. 

Sludge or water can also 
3ubstrate and increasing the 
mixture. 

be involved for enriching 
percentage of nitrogc, in 

the 
the 

Temperature can be raised in an effort to maximize bacterial 
activity, but the spaces between particles then become full of 
water and anaerobic conditions are not optimized. 

Nevertheless, the thermal process that raises the temperature 
to 65°C sterilizes the compost, eliminates undesirable 
bacteria, and favors multiplication of micro-organisms. 

Particle size is another important factor. If a substrate is 
finely crushed, micro-organisms can act on a larger surface 
area. If the waste is more coarse, micro-organism activity is 
more difficult. 
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3 - CONCLUSION 

Approximately 25,000 tons can be treated each year in a machine 
operating at maximum capacity. This level of input is 
equivalent to an area with a population of 100,000. 

A preliminary study must be made for each plant to analY2e the 
composition of the mixture. To ensure good results, the 
composition of the mixture must be specified in great detail, 
and close attention must be paid to local conditions. 

Equipment must be technologically suited to local conditions, 
and maintenance must be easy. 
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GABON 

Summary report of speech delivered by Mr Issembe, Deputy 
Director for Research, Ministry of Agriculture 

1 - DITROOOCTIOH 

This project involves the production of energy through methane 
fermentation of the droppings of laying hens, for tne 
production of electricity and heating for incubators. 

The project is planned in four phases: 

1) LaboratorJ tests on a 100 1 fermentation unit c~rried out at 
the INSA facility in Toulouse (France) 

2) Installation of a 5 m3 pilot plant :o France 

3} Industrial pilot pla.~t (80 m3} installed at the SMAG 
(Societe Meuniere et Avicole du Gab~n) 

4} Full-scale plant: 360 m3. 

The project is currentl7 in phase 3. 

2 - 'l'BK CHALLENGE 

Poultry droppings cannot usually be spread as manure due to 
health hazards (poultry disease). Use of this fertilizer is 
even more difficult in Gabon, where there are few areas of 
agricultural land in the proximity of the breeding facilities. 
Eighty percent of the country is covered with rain forests. 

3 - TBK RESPONSE: DESCRIPTION OF THE 80 M3 PILOT PLANT 

The solution involves a concrete fermentation unit in 
continuous operation, which is loaded with 5 m3 of droppings 
per day with 10% dry matter content (after removal of 
feathP:s). 

Despite its 
very latest 
(30 m2/m3). 

agricultural context, this unit is based on the 
innovations in bacteriological fixing by screens 
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After a retention time of 15 days at 33'C, the fermentation 
unit produces t~o volumes of biogas for each tank volume each 
day (35 TOE/year). 

If the following modifications are made: 

- retention time: 12 days 

- volume of droppings: 6.7 m3/day 

- fermentation unit temperature: 45'C 

production can be increased to 3.3 volumes of biogas per tank 
volume per day, which thus generates 58 TOE that can be used in 
a dual-fuel (fuel oil/biogas) electricity generating set. 

4 - PROSPECTS 

project) in 
This level 

m3, would 
:nake the 

The plant must now be enlarged (phase 4 of the 
order to utilize up to 30 m3 of droppings per day. 
of production requires a fermentation unit of 360 
allow for production of 200 TOE/year, and would 
breeding facility self-sufficient in terms of energy. 

5 - COST BREAKDCMf 

Investment 
electricity 
savings of 
3.5 years. 

costs would be FF 3 million, including the 
generating set, and would allow for diesel oil 
207,000 l/year. Payback time on the investment is 
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3 - COHCLOSIOH 

- Gabon's objectives are food self-sufficiency, the increased 
participation of agriculture in the national economy, and the 
reduction of rural depopulation. 

- In view ~f these objectives, the production of energy through 
such a project will help villages to modernize and would 
favor the repopulation of rural areas and the development of 
agriculture. 

Further, market openings exist, since Gabon produces 2,500 
tons of chickens, for domestic coasumption of 7,000 tons. 

- In the light of falling petroleum production (the cornerstone 
of Gabon's economy), it is essential for the country to 
prepare itself for the "post-petroleum" period. 
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GUINEA 

Summary report of s~eecb delivered by Mr Camara, Engineer, 
General Directorate for Agro-food Industries, Ministry of 

Industry 

1 - THI KOBA SUGAR COMPLEX 

1. 1 - Introduction 

The sugar complex at Koba has been in operation for 11 years, 
and derives part of its ene1·gy from bagasse. 

The plant has a yearly production 
sugar, and includes a distillation 
liters of alcohol. 

capacity of 6,000 tons of 
plant producing 720,000 

According to forecasts, the plant was expected. to produce 7,800 
tons of bagasse per year, which is equivalent to 14.4.10 9 kcal 
of energy. However, under actual oper3ting conditions, an 
average of only 3,700 t of ba.gasse is produced each season, 
which is equivalent to 6.8.10 9 kcal. 

The production of ba.gasse could ·ncrease if sufficient areas 
were cultivated (1,500 ha) and if yield was high (40 tons of 
cane per hectare) When these two conditions have been met, 
the energy consumed by the facility will be chiefly derived 
from bagasse, with fuel oil as a make-up source. 

1.2 - Utilization of energy 

Steam energy is used in various ways: 

in the refinery: evaporation, boiling and spinning (i.e., 
sugar processing); 

- in the electricity power plant, for the supply of elect~icity 
to the plant and the industrial zone; 

- in the distillery, for the production of alcohol. 

After combustion, all bagasse ash is discarded. 

1.3 - Alcohol production 

Yearly molasses 
plant produces 

production should reach 2,700 tons, but the 
an average of 500 tons, which is equivalent to 
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135,000 liters of alcohol per year {375 kg of molasses produces 
approximately 100 liters of alcohol). 

The alcohol produced by the plant is sold to a pharmaceuticals 
company for use by a variety of consumers, including hospitals. 

The carbon dioxide given off during the distillation of 
molasses is completely wasted. 

1.4 - Conclusion 

Various requirements have come to light: 

- increased bagasse production; 

- improvement of the process utilized for crushing and pressing 
of cane; 

- examination of the possibility of replacing fixed grates by 
mobile grates in the boiler; 

- examination of the possibility of utilizing the alcohol 
produced as a fuel. 

The following action is planned: 

- We are seeking technical assistance for an exhaustive study 
of the problems linked to- the maximization of energy 
production from various by-products, as well as financing for 
the cultivation of new sugarcane plantations. 

- We are currently planning to t~ansf er plantations to areas at 
lower altitudes. A feasibility study has been made, and we 
are seeking financing for the implementation of this project. 

2 - OTHER PROJECTS 

2.1 - SALGUIDA Company 

SALGUIDA is a Libyan-Guinean parastatal involved in 
agricultural and agro-industrial development. The company has 
an integrated pineapple plantation and processing facility. 

A project was launched in 1984 
energy self-sufficiency of the 
production of energy from biomass 
as follows: 

in an aim to 
company. It 
and sunlight. 

guarantee the 
involves the 

The biomass is 
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The biomass involved is pineapple crop residue. After 
crushing and drying, the product is densified into briquettes 
or shives with a heat value of 4,500 kcal/kg. 

The quantity of waste in terms of dry matter content is 
estimated. at 700 t/year. and is to be used to supply gas 
generators producing lean gas to run engines to generate 
electricity (efficiency: 20%). 

- This type of gas generator is 
ID8l'luring vehicles and dumpers, 
imported petroleum. 

suitable for running trucks, 
and would thereby replace 

- The energy is utilized to supply electricity to the plant and 
offices, for pumping water and irrigation of plantations. 

The cost of biomass energy has not been calculated separately: 
it is included in the total cost of biomass + solar power: 
FB 442.5 million. 

The following action is planned: 

- We are seeking technical assistance for a critical analysis 
of the project. 

If the project is feasible, we 
feasibility study and will seek 
implementation of the project. 

will proceed with a 
financing for the 

- ~e are also considering utilizing draff as a fuel. 

?.2 - Particle board facility 

The installed capacity of 
particle board per year, 
this level. 

this facility is 5,300 tons of 
but current production is only 3% of 

The facility utilizes waste (dead wood collected in neighboring 
forests) to produce a proportion of the energy consumed. 

Aside from the particle board facility, there is a cinchona 
processing facility in the same area that is faced with the 
same energy problems. 

We are seeking technical assistance for an examination of the 
conditions of setting up an energy project based on the use of 
the by-products from these two facilities to produce 
electricity. 
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2.3 - Groundnut and cottonseed. oil mills 

- the Dabola groundnut oil mill has a capacity of 10,000 tons 
of groundnuts (in shells), i.e., 7,500 tons of groundnut 
kernels. 

The facility utilizes the shells to meet a proportion of its 
energy requirements. 

However, the actual level of production stands at only 3% of 
these figures. These poor results are chiefly due to supply 
problems of raw materials (lack of transportation, unreliable 
production) and to energy problems (outdated boiler 
equipment, irregular operation of the hydroelectric plant). 

- Under a cotton production project, we plan to build a 
cottonseed oil mill at Dabola, which will be associated with 
the groundnut oil mill. 

Planned capacity is 1,000 for 7,000 tons of seed. 

The cottonseed hulls will be processed to supply a proportion 
of the energy required by this mill. 
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INDIA 

Swamary report of speech delivered by Mr Singh, Director, 
Bio-energy Division, Non-traditional Energy Sources Department, 

Ministry of Energy 

1 - INTRODUCTION 

India has 700 million inhabitants, and a total cattle 
population of 345 million head. 

These populations are increasing, and energy requirements are 
increasing with them. I should like to give you an idea of the 
residual materials that make up India's potential resources in 
this area. The residue should not be considered as waste, 
since it is re-utilized, and can be processed to form 
additional products. 

2 - UTILIZATION OF BIO-ENERGY IN INDIA 

~e have a large number of bio-energy projects in many different 
sectors. The most important sectors, however, are rice and 
sugarcane. 

The use of rice husks is of great importance, as is the use 
of rice straw. These industries have tremendous potential if 
they can further optimize the use of rice crop residue. 

- Another important area concerns the sugar industry, and the 
utilization of bagasse, which is burned in a quite 
inefficient manner by the industry at this time. We are in 
the process of setting up a unit inside a sugar production 
facility that crushes 2,000 tons of cane per day. To date, 
we have been using bagasse to generate electricity to meet 
the plant's r~quirements. We now intend to produce 16 MW, of 
which 10 MW will be used to supply the plant with 
electricity, while the remaining 6 MW will go to the 
distribution grid. 

We have more than 400 sugar production facilities. We are 
planning action in this sector, but I believe that there is 
room for r.:ooperation in this highly specialized field, 
provided, or course, that we can find the financing required. 

- We are taking action at local level in the utilization of 
waste products generated by distilleries. India has 125 
distillieries throughout the country, but there is 
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nonetheless room for overseas cooperation and the transfer of 
technology from abroad. 

Our livestock population is very large. Various types of 
program have been launched to improve the quality of the 
livestock, and to increa~e the weight of animals while 
retaining stability of the population. The quantity of waste 
materials will thus increase. This development offers 
tremendous potential for the production of energy and 
manufactured products. 

3 - PROBLEMS 

We are running a nationwide program for biogas production for 
domestic uses. In this respect, industry can play a major 
role, in that unit costs must fall as the number of gas 
generators produced increases. I do not understand why 
engineering principles cannot be applied to the reduction of 
the size of digesters. While we do not believe that digesters 
should be reduced to the size of pressure cookers, we feel that 
a ccmbinaticn of mass production techniques and the use of 
plastics for the construc~ion of gas containers would make it 
possible to reduce the cost of these units while increasing the 
nu~bers produced. 

At industrial level, we have large quantities of waste 
materials and animal excreta. There are livestock production 
facilities and dairies in and around most large cities, and 
these activities give rise to animal excreta that are both 
abundant and available. One project involves T.he generation of 
3 MW of electricity from this waste. 

We have outlined a large number of projects, and have selected 
sites. Now we are seeking cooperation 7n the areas that I have 
mentioned. We welcome the contributions that you have already 
made, and would greatly appreciate a ccoperacion agreement tha~ 
would allow us to improve our knowledge of the areas in which 
you are working, and that would er.hance your understanding of 
our specific needs. 
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3 - alllCLOSIOM 

The bilateral cooperation program that could be set up as a 
result of this meeting could solve to our mutual advantage a 
number of the problems we are facing. 

It is important to understand the efforts we are making in an 
aim not only to analyze objectives. but also to examine the 
potential resources of a country such as India. and thereby 
make a more meaningful assessment of what French industry and 
the European Community can do to help us solve the problems 
that face us. 
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IHDOHESIA 

Summary report of speech delivered. by Mr Soeriaatmadja, 
National Coordinator of Biollld.Ss Energy Technologies; Aide at 

the Ministry of State for Population and the Environment 

1 - THK PROBL.iM 

One of the principal activities of the inhabitants of Lampung, 
Southern Sumatra. is tapioca production for the manufacture of 
cassava flour. Over the last fiv) years. 11 large-scale 
industrial agro-food complexes for the processing of tapioca 
have been set up in that region. 

Input for the industry and for flour manufacture is 200 
400 tons per day on average, for a daily production of 100 tons 
of flour. The remaining 100 - 300 tons are generally dumped in 
rivers, leading to high levels of pollution in these 
watercourses. Water quality is deteriorating, an~ the 
situation is incompatible with the region's surface water 
resources, which are required by the tapioca industry. 

The development of the 
the finished product, 
and abroad. A~erage 
Certain by-products 
potential, but are not 

tapioca industry has improved quality of 
and markets are favorable both at home 
income has also increased in the region. 
of this industry have considerable 
utilized at this time. 

The negative aspects of this industry are beginning to make 
themselves felt more than the positive aspects, however, and 
small-scale tapioca processing is disappearing due to the 
greater competitiveness of large-scale facilities. 

Another negative aspect concerns the ecology of the region. 
Surf ace water is highly polluted in terms of COD and BOD. and 
the quantity of water-borne toxic chemicals is increasing to 
such an ext:.ent that there is an imminent shortage of unpolluted 
surface water for use by population groups. 

2 - ACTION PLANNED 

A progr~ has been outlined, covering technological and socio
economic aspects of the problem, as well as ~he question of 
management. 

Tapioca indust~ies must become 
alongside local population groups, 

involved 
and the 

in this program 
government must 
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commit itself to the implementation of these meesures, in an 
attempt to increase awareness of the gravity of the problem and 
to find an effective solution. 

Steps that have been taken to date involve technological 
aspects of the problem. Stabilization lagoons must be 
improved. Waste from the tapioca industry must be recycled., and 
this project faces additional problems. 

The objective is to manufacture granulated animal feed and 
citric acid, and this causes additional problems of pollution. 

By-products must be recycled: 

- through composting 

- through biogas production. 

3 - CONCLUSION 

Recycling of by-products is still at the experimental stage. 
We have made little progress in the examination of biogas, and 
we have come here today to find out which different approaches 
could be taken to solve the various problems that face us. All 
parties concerned by the pollution caused by tapioca waste must 
be involved in this project and must work together towards 
finding a solution. 

We have already formed a provincial 
responsible for pollution control, 
studies, and staff training. 

environment unit that is 
the assessment of case 
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KENYA 

Summary report of speech delivered. by Mr Jones, Energy 
Conservation and Fuel Oil Replacement Adviser, Ministry of 

Energy and Regional Development 

1 - INTRODUCTION 

Kenya has no known reserves 
country's energy comes from a 
geothermal electricity schemes, 
of imported. petroleum. 

of coal or petroleum. The 
number of hydroelectric and 

and from substantial quantities 

A survey is to be carried out to assess the potential for 
replacing petroleum with residual biomass such as waste from 
rice, coffee, flour, soybean and other agro-food industries. 
The substitution value of these by-products (utilized. at the 
factory location} is $6 million. 

2 - OBJECTIVES 

To a certain extent, this project is a demonstration operation 
aimed to identify the most efficient way of utilizing residual 
bio~ass in existing boilers anJ generators. 

The operation will thus allow for more widespread use of this 
type of technology and increased use of this type of fuel. 

3 - THE PROJECT 
I 

The specific proposals of the Kenya Cashewnut Company would 
involve an engineering and feasibility study, in an aim to 
identify the steps that the company should take in an effort to 
make the most suitable investments needed to adapt its 
equipment and make it possible to burn cashewnut ~aste. 

The factory utilizes 3,000 tons of petroleum e~ch:year to roast 
and dry cashewnuts. 

At the same 
whose :narket 
burning. 

time, it produces 7,500 tons of 9as~ewnut shells, 
value is very low, and which a~e ~isposed of by 

I I 

Utilization of these shells in the plant's boilers would allow 
for savings of $600,000 on fuel oil expenditure. 
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The project involves three uses of cashewnut shells: 

- in the roasting process 

- as a fuel 

- to generate the electricity needed in the factory, surplus 
(if sny) being sold to the distribution grid. 

3 - CONCLUSION 

This project would serve as a demonstration operation for the 
use of low-cost equipment for the local production of energy. 

Between 50 
a project 
converted. 

and 100 plants in the country would be suitable for 
of this type, provided ovens and boilers are 
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MADAGASCAR 

Summary report of speech delivered by Mrs Razafindrakoto, 
Directorate for Programming and Financing. Ministry of 

Livestock and Animal Production. Water Resources and Forests 

1 - IHTRODOCTIOM 

In line with the government's energy policy, the project 
presented here aims to further the integration of the country}a 
extensive unused resources, particularly with a view to 
contributing to the satisfaction of very large energy 
requirements for domestic purposes. 

The project 
Madagascar at 
follows: 

thus involves the integration of biogas in 
community level, and its main objectives are as 

to utilize available agricultural and animal waste that is 
suitable for the prcduciton of biogas; 

- to utilize local resources to supply energy to population 
groups or isolated. villages, farms or industries. 

2 - THE PROJEC'! 

The biogas production project is applied here in the form of a 
pilot plant for a Technical Training Center for Livestock 
Breeding, offering courses for breeders and livestock agents. 
The center has seventy head of cattle, and facilities 
(dormitory, kitchen, e~c.) that consume energy for lighting, 
heating, cooking and preparation of cattle feed. 

The cen~er, which is currently connected to the national 
electricity distribution grid, has a diesel-engined electricity 
generating set for emergency use. 

3 - ENERGY BREAKDOWN 

The seventy head of cattle at the center produce approximately 
250 tons of manure per year, which is theoretically equivalent 
to an average bicgas production of between 12,500 m3 and 25,000 
m3. 

The easiest 
electricity. 

way of using this 
At 1.5 kWh/m3 of 

energy 
biogas 

is in the 
produced, 

form of 
and with 
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transmission losses 
used directly by 
30,000 kWh. 

of 20%, potential production that can be 
the center is estimated at 15,000 

The center requires an estimated 30,000 kWh per year. 

In the least favorable scenario, 50% of the center's 
consumption is thus covered by biogas production, while under 
optimuim conditions processed. waste can meet energy 
requirements fully. 

4: - KXICOTIOM SCBXDOLX 

4:.1 - Installation phase 

Five months will be needed to build and install a biogas 
prcxiuction unit of the type proposed by the Groupe de 
Recherches et d'Echanges Technologiques (GRET), designed. to 
operate on 0.5 - 2 tons of manure per day, and producing 25 -
80 m3 of gas per day. These levels of ~~put and production 
correspond to the characteristics and requirements of the first 
site selected: the Technical Training Center for Li,restock 
Breeding. 

4.2 - Development phase 

The plant will be run in over an eleven-month period, and a 
more detailed study will be made with a view to enlarging the 
scope of the projects to cover other sites. 

4.3 - Economic and financial assessment phase 

Another eleven months will be needed to assess the total 
investment requirement for the preparation of new sites, civil 
engineering work, machinery and other capital goods, etc., and 
to identify sources and condi~ions of financing for the 
project. 
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5 - CONCLUSION 

This presentation is merely a preliminary step towards the 
development of the use of new and renewable energy sources in 
Madagascar. It thus involves a general appreciation of the 
resource opportunities for the integration of the use of biogas 
at community levei in Madagascar. 

~ch remains to the done before a genuine feasibility study can 
be carried out during the development phase. but it will be 
possible to consider the first pilot plant as a reference. and 
thereby ease the subsequent financial and economic 
appreciation. 
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MAURITIUS 

Summary re~~rt of speech delivered by Mr Rivet, Principal 
Assistant Secretary, Ministry of Energy and Internal 

Communications 

1 - INTRODUCTION 

The island of Mauritius has few resources, and depenas to a 
large extent on imported petroleum products (18% of total 
importa) for the satisfaction of its energy requriements. 

The country produces 30% of its energy through the combustion 
of petro~eum. It was thus decided to replace this imported 
energy source with a cheaper fuel. 

To reach its objectives in the energy sec~or, various options 
are open to the government: 

- increased !1ydroelectric production 

- increased electricity generation from ba.gasse 

- increased energy production from imported coal. 

2 - THE PROJECT 

In view of the climatic changes that have been observed in 
Mauritius, the island's objectives for hydroelectri~ 
production, which we thought could be developed over the next 
decade, will probably not be reached. 

The generation of electricity from bagasse will thus be a major 
factor in Mauritius' aims to produce electrici~y without 
importing petroleum in 1986, and will make it possible to meet 
one-half of our ene~gy requirements using national resources. 

The project is in an advanced stage of development, since it is 
approaching the investment phase. 

Preliminary estimates, have been made in a number o~ factories, 
.-md have made it possible to assess the size of the investments 
~hat will be required' by our program. 

For example, a pilot project has indicated that for a plant 
processing 100,000 tons of sugarcane, a bagasse trea-cment 
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facility with a capacity of 25 t/hr would require an investment 
of $14 million. 

Other sugar complexes could also become involved. This would 
make it possible to produce 250 kWh from bagasse and would 
increase investments to $72 million. 

Further, if all units were fitted with pelletizing lines, 
electricity production costs would fall by one-third. 

Bagasse storage should also be taken into account. so as to 
ensure a constant supply of fuel. However, storage has a 
negative &ffect on the heat value of the fuel. 

It should be possible to extend t~e project to all of the 
island's 21 sugar complexes, but in the first instance, 
pelletizing lines are planned ~or the four major facilities 
whose pote~tial is the greatest. 
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MALAYSIA 

Summary report of speech delivered by Mr Baharunden, Director, 
Raw Materials Processing Department, Federal Land Development 

Authority (FELDA) 

1 - INTRODUCTION 

The organization I represent is a public body involved in the 
utilization of brushlands within the wider context of the 
government's agricultural program, but more particularly with a 
view to developing oil palm plantations. 

Malaysia has 208 palm oil mills (State-owned and private sector 
combined), and 25 additional State-owned mills are to be built 
under our next program. 

2 - BICGAS POTENTIAL IN MALAYSIA 

Given the number of palm oil mills in the country, the removal 
of the large quantities of wastewater disharged by this 
industry is a very real problem. A new technique now makes it 
possible to adopt a different approach to the problem. since 
oil mill waste can be used to produce methane and other related 
gases. 

This biogas can then be a significant source of energy for the 
production of electricity under the Malaysian government's 
program to bring electricity supply to rural areas. It is 
estimated that daily biogas production could reach 6,000 m3, 
which is equivalent to 630 kWh. 

3 - UTILIZATION OF BIOGAS 

A number of studies have been led into the utilization of 
biogas for domestic purposes, but propositions have not been of 
particular interest due to the high costs involved. 

The most usual method of utilizing bicgas to generate 
~lectricity involves direct combustion of the biogas in a gas
fired engine, after removal of other rel3ted gases. However, 
it is difficult to completely remove sulfur from biogas, and 
very high maintenance costs are incurred. F'.Jrther, this type 
of system has not been recommended for use in o~l mills, since 
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it does not improve steam distribution, particularly in palm 
fruit sterilization. 

An unccupled co-generation system for steam production has been 
adopted for most of the palm oil mills in Malaysia that have an 
hourly processing capacity of 20 - 60 tons of fruit. Biagas is 
produced. through m~thanization of the waste in a digester and 
is burned without any sulfur =emoval in the boiler, and thereby 
utilized. in the production of high-pressure steam. Electricity 
is genera~ed through steam turbines and is then distributed. by 
the central grid to private users in rural areas. 

The government has opted for this system, and it is encouraging 
its use for the production of electricity in rural areas. The 
system has the following advantages: 

- incre~sed electricity generation capacity 

no sulfur removal for combustion in boiler 

- minimized operation and ~ai~tenance costs 

possib:li~y of integratiQn wi~h oil production process to 
improve efficiency. 

For the project to be viable, 630 kWh of electricity must be 
generated. Other conditions include: 

- maximum cost of $1 million 

- yearly cpera~ing costs less than $21,000 

- annual electricity production greater than 2,900,000 kWh 

- average unit cost of electricity: less than 4¢/kWh. 

- average lifetime of install3.tion: 25 years. 

4 - CONCLUSION 

We have highl~ghted a number of ~tatistics concerning palm oil 
mills, and have examined the utility of electricity production. 
aowever, to implement this type of project, low-cost, efficient 
boilers and steam ~urbines must be purchased. 
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At this time, a more detailed. 
perhaps by French specialists. 
factories or equipment in 
appropriate way. 

examiniation must be made, 
to make it possible to install 

a more economical and more 

I invite all French companies to contact me in Malaysia. where 
resource and investment potential are both highly promising. 
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MOROCCO 

Summary report of speech delivered by Mr Zabi, Secretary 
General, Comite de Developpeme~t des Energies Renouvelables 

( CDER) 

The two projects that I am going to talk about are part of a 
renewable energy source development program, and are based on 
the use of animal waste for the production of electricity. 
They have been studied in collaboration with the Agence 
Francaise pour la Mattrise de l'Energie (AFME) and the Comite 
de Developpement des Energies Renouvelables (CDER). 

1 - PROJECT 1: MABRAKECH MUNICIPAL ABATTOIR 

1.1. - Introduction 

This multi-purpose abattoir produces an average of 5,000 tons 
of carcasses each year, and has a theoretical maximum capacity 
of 10,000 t/year. It is integrated in an industrial complex 
including a refrigerated. warehouse, an industrial dairy and an 
animal :narket. 

1.2 - The problem 

Liquid waste that is dumped untreated into the drains poses a 
serious hygiene problem. Solid waste is treated with tolyl, 
which is a highly expensive substance. 

1.3 - The solution 

The solution adopted to remedy these problems involves total 
waste processing using an industrial bicgas-composting system, 
which is to be integrated in a project to modernize the 
abattoir. 

The process is based on the principle of anaerobic fermen~ation 
in a favorable mesophilic environment (35°C),. 

Estimated average volumes are as follows: 

- slaughtering capacity: 17 t/day 

- waste: 250 :n3/da:r. 
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Total pollutant level is 1160 kg COD/day, which can be broken 
down as follows: 

Type of waste 

Centrifuged fecal 
matter (l,000 
t/y~·ar at 12% 
dry ~olids 
conte•1t) 

Waste from off al 
and concentrated 
waste~: 

10 m3/ton 
of carcass 

Liquid :nanure, 
slurry and 
rediluted manure 
with low straw 
content 

average daily 
volume 

(m3/day) 

1 

65 

10 

* after water economy 
program 

average daily 
pollution level 

(kg COD/ciay) 

60 

600 

500 



Low load 

Rem~val to 
effluent 
disposal 
syst;em: no 
treatment 
station, but 
utilization 
on manured 
fields in 
semiarid 
areas 

ABATTOIR WASTE 

/High load~ 

solids liquor 

to ~ompost ing 
line 
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STABLING AND 
ANIMAL MARKET 

l ~ solid ~slurry 
-
1 

!llanure (negligible) 

! ~o co~osting 
! line 
I 

v .... pre.i1:n1nary 
dilution 

I "' ~ 

I 

l 
:nethanization 

~ bicgas: energy 

oY.sested. 
substrate: sent 
to effluent 
disposal system 
after anaerobic 
treatment for 
improved hygiene 
during manuring 



159 

1.4 - Estimated energy breakdown 

With a recycling system and very short retention times, 0.35 m3 
of biogas are produced for each kg COD removed 
{efficiency: 70%). Total daily biogas production is thus 
285 m3 (100,000 m3/year). 

- At 6 kWh/m3 of biogas, 600,000 
generated (thermal} or 150,000 
energy. 

kWh of electricity could be 
kWh of electricity ? heat 

- The ho~ water will be utilized to heat the fermentation unit. 

- Specific consumption of the abattoir: 55,000 kWh/year. 

- Electricity consumption for refrigeration: 250,000 kWh/year. 

1.5 - Estimated cost breakdown 

Energy costs of the abattoir are DH 46,000/year (DH 1 =FF 1), 
and refrigeration costs are DH 154,000/year, giving a total of 
DH 200,000/year. 

Expenditure incurred through modernization and purchase of 
additional electrical appliances (approximately DH 50,000) must 
be added to this figure, bringing the total to DH 250,000/year. 

Investment costs for a fermentation unit, a gas storage 
facility, electricity generating set and utilities would stand 
at approximately r:·H 750, 000, with a payback time of 3 years. 

Sales of 200 t/year of compost would bring revenue of 
DH 10,000. 

2 - PROJECT 2: THE SODEA FARM 

2.1 - Introduction 

The SODEA (Societe de Developpement Agricole) is a State-run 
company that manages production facilities covering 56,000 ha 
throughout Morocco, including a 5,000 ha facility in the 
Marrakech region. 

This facility that has been selected as a site for this project 
cultivates an area of ~ore than 500 ha of olive groves, citrus 
and other fruits, and has a mixed livestock production capacity 
(milk + meat). 
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2.2 - The problem 

This agricultural complex is not connected. to the rural 
electricity distribuition grid (Office National de 
l'Electricite). All its electricity requirements (lighting, 
production lines. official housing, farmworkers' douar, milk 
reservoir, offices, etc. ) are satisfied by two diesel-engined 
electricity generating sets. Costs for connection to the grid 
have been estimated at DH 45,000. 

2.3 - The solution 

Given the availability of 55 EHC (equivalent head of cattle) 
producing 3 m3 of slurry per day, and a retention time of 20 
days, tank capacity requirements are 60 m3. 

Average biogas production from this type of slurry is 2 m3/m3 
of tank capacity, i.e., a total of 120 m3/day. 

At the rate of 5.5 kWh/m3 of bicgas produced, a total of 
660 kWh of electricity (ther~al) can be generated. A biogas
fired engine will thus make it possible to generate 60,000 kWh 
and 120 k~b (ther~al) per year, which will be t~sed to heat the 
fermentation unit, run milking machines, an~ ~eet cleaning and 
domes~ic requirements. 

2.4 - Energy breakdown 

To produce ~he elecT.ricity required for lighting and for the 
milk reservoir, the production facility has two diesel-engined 
electricity generating sets that operate for 9 - 10 hours a 
day. 

In 1983, total diesel oil consumption reached 10,000 liters. 

Overall diesel oil consumption (for 5 tractors, 9 water pumping 
sets and 2 generating sets} was 193,250 liters in 1983. 

2.5 - Estimated cost breakdown 

Overall energy expenditure of this farm is DH 600,000, 
including DH 116,500 for the diesel oil needed ~o operate two 
generating sets and a motor for raising water from a well. 
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Investment costs for the system proposed under this 
(including tanks and biogas-engined generating set 
related equipment) are DB 500,000. 

project 
wi~bout 

Gross payback time on the investment will thus be 4.2 years. 

The project is of considerable social importance, since it will 
make i~ possible to supply biogas for cooking and lighting of a 
douar of 30 families. 
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MOZAMBIQUE 

Summary report of speech delivered by Mr Forte. Chief 
Executive. BOROR 

1 - INTRODUCTION 

EOROR is a State-run company operating four coconut production 
facilities of 4,000 - 6,000 ha each along the Mozambique coast. 
Overall yearly copra production is 14,000 - 18,000 tons. and 
objectives are to produce 20,000 tons by 1988 and 40,000 tons 
by the year 2015. 

This company is faced with considerable problems of fuel supply 
and transportation, and yet most of its by-products (fiber and 
shells) are unus~. 

The present introduction is based on the feasibility study that 
was carried out by the engineering ccmpany SATEC DEVELOPPEMENT 
in late 19e3, :and outlines a prcject for the utilization of 
these by-products to produce energy wi~h a view to arousing the 
interest of potential sources of =inancing. 

2 - DESC!l;IPTIOH OF PROJECT 
I 

Each of the 4 units making up the company is divided into 39 
blocks of, 200 - 600 ha of plantation each. Each block has one 
or two copra drying kilns. 

bloc and improve working conditions 
S,000 in total), an electricity 

required for each block. If this 

In order ,to automate each 
of the laborforce (7,000 
generating set would be 
solution is adopted, the 
fully justified. 

choice of gas generators would be 

?otential' and requirements must thus be as~essed. 

2. 1 - Fue'l availability and requirements 

Depending' on ~equirements, we have estimated that one or two 
electrici~y generating sets operating on lean gas (unit 
capaci~y:' 40 kw) would be required for a medium-sized block. 
To prcduce 40 kW of elec~ricity, 6,000 coconut shells must be 
burned each day in the gas generator. A I I s·candard kiln 
processes' 12, 000 coco1.1uts per day, and consumes approximately 
40% of ~he husks (4,800 husks). Availabili~y'for conversion 
into energy is 7,200 husks and 12,000 shells. 

I I 
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Although this first approach has only been adopted for certain 
blocks, it has transpired. that a standard kiln handling 12,000 
coconuts per day is fully capable of producing 40 kWh, without 
affecting current methods of copra preparation. 

2.2 - Proposed solutions 

- A 40 kw gas generator costs FF 418,000 at this time. The 
difference in investment costs between this type of unit and 
a conventional electricity generating set is FF 332,000, 
which corresponds to fifteen months' supply of diesel oil to 
operate the conventional unit. Equipment is totally 
amortized in 19 months. 

- A configuration with 3 gas generators of 40 kW unit capacity 
coupled in parallel would make it possible to generate 
120 kWh at peak periods, off-peak requirements being met by 
one or two generators on stand-by. 

- A smaller gas generator {15 or 20 kW) could be installed. on a 
trailer for use en mobile units. This type of generator 
costs FF 90,000. 

A 400 kW gas generator unit consumes 10 tons/day of shells 
and prcduces 2 tons of charcoal. Power levels cannot fall 
below 270 kW, and investment costs are FF 4.5 million. A 
better solution would be to couple two 200 kw units, that 
would allow for an operating range of 140 - 400 kW, and would 
cost FF 6 million. 

- Kits to convert farm tractors to dual-fuel (diesel oil/lean 
gas) or to lean gas only operation are reliable and offer 
good operational flexibility. 

2.3 - Acquisition proposal 

Foreign cur~~ncy savings are a major concern of the authori~ies 
of ~ozambique. In view of the vast areas covered by BOROR's 
ac~ivities, its difficulties in obtaining diesel oil, and the 
example that could be set by the gas generator project, the 
following proposals for purchase of equipment can be made; 

- 3 electricity generating sets wi~h gas gener~tors (2 at 
~acuse, 1 at ?ebane); 

- 5 tracto~s fitted with gas genera~ors. 
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These purchases would provide BOROR with economic references in 
this field, a..~d the company cculd then opt to install this 
equipment throughout its plantations as and when investment is 
necessary. 

CON CLOS ION 

A further examination of the modules available on the market 
mus~ be carried out, although the 40 kW ~odule is at present 
well suited to the needs of each block. 

We should like industries to propose one mqiule or several 
connected. moci .. les, including the following equipment: crusher, 
compacter, gas generator, and, possibly, a copra drying system 
operating on lean gas. 

It is estimated that total savings of l,000 TOE could be made 
in this way. 
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PAKISTAN 

Summary repo~t of speech delivered. by Mr Shah, Technical 
Officer, Appropriate Technology Development Organization, 

Ministry of Science and Technology 

1 - LIVESTOCK BREEDING: CONSIDERABLE POTENTIAL 

1.1 - Methane fermentation from mrdlure 

Pakistan has 21 million head of cattle in rural areas, 
producing 10 kg of manure per animal per day. Only half of 
this manure is collected, and total yearly availability is thus 
38 million tons. It w~~ld thus be possible to produce 1,418 
million m3 of biogas and ~l\ke fuel oil savings of 879 million 
liters (costing 3,076 million rupees). 

1.2 Fertilizer production from manure 

Moreover, the methanization of 1 kg of :nanure produces 0. 7 2 kg 
of compost containing 2~ fixable nitrogen. Only 20% of this 
nu~rient is available in solid form, which gives a total 
nitrogen production capacity of 110 million kg/year. 

A conYentional composting process, producing compost at the 
rate of 0.56 kg with 1.5% nitrogen content per kg of manure (of 
which 20% is in solid form) would make it possible to obtain 64 
million kg of nitrogen per year. 

Methanization can 
46 million kg of 
( 5 rupees /kg) . 

thus lead to the production of an additional 
nitrogen, with a value of 230 million rupees 

1.3 - Poultry breeding 

Fourteen million birds (laying hens, breeders or meat chickens) 
could supply a ~ige~ter with 1,267 tons of droppings per day, 
and thereby make it possible to produce 23 million m3 of biogas 
per year · ( 0. 05 m3 of biogas/kg of droppings). This project 
would bring savings of 14 million liters of petroleum (costing 
57 million rupees), plus revenue from fertilizers (2.8 million 
:::-upees). 

Overall, Pakistan would thus save 3, 400 :nil lion rupees in ti1is 
sector each year. 
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2 - LEVEL OF DEVELOPMENT OF THE SYSTEM 

Four types of digester are currently being developed in 
Pakistan: 

- a fixed dome digester (capacity: 65 m3) supplied with cattle 
manure; 

- a digester of 25 m3 supplied with poultry droppings; 

- a digester of 5 m3 with flexible gasometer; 

- a portable digester of 3.5 m3 that can be installed in a 
matter of hours. 

The energy ~reduced is usually utilized for 
iighting, but ~t can also be used to run an 
generating set or pumping unit. 

cooking and 
electricity 

3 - CONCLUSION 

1} Pakistan has considerable potential for methanization, and 
its clearly defined and determined policy should favor the 
utilization of this source of energy. 

2) Projects should 
op~imum results 
conditions. 

be developed with a 
under the country's 

·.riew to 
dif~~erent 

obtaining 
climatic 

3) An information program should be launched in the press and 
on raci.10 and television, and mobile units should be used to 
inform the population about this technology and the 
advantages it offers. 

4) Volunteers sh0uld be tr~ined 
ensure that the technology is 
country. Special incentives 
•10 lunteers on the bas is of tt!e 
under their leadership. 

in ea~h district in order to 
quickly adopted ~hroughout the 
should be offered to these 
number of installations built 

5/ To overcome ~he diffi~ulties encountered in installing 
conventicnal domestic units {foundations, steel 
ccns-cruct.ions, etc. ) t.urnkey plants are recommended, so as 
to enable installation by villagers themselves. Certain 
c~mpanies have run trial oper~~i~ns in this area, and 
r9sult.s are i:?ncouraging'. 
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SENEGAL 

Summary report of speech delivered by Mr Cisse, Director for 
Energy, Minstry for the Development of Industry and Craftmaking 

The government of Senegal has drawn up a program allowing for a 
50% reduction in domestic consumption of petroleum products 
over about ten years. ·rhe projects presented here are part of 
this program. 

1 - HOUSEHOLD MAS'lE IN DAKAR 

This project 
produced in 
electricity. 

involves 
the city 

the 
of 

~ncineration 
Dakar, with a 

of household waste 
view to producing 

The 1,200,000 inhabitants of the city of 
produce l,000 - 1,200 tens of waste per day. 
very varied composition and particle size. 

Dakar currently 
This waste is of 

Nevertheless, the following results were obtained from the 
analysis of a sample of this waste: 

- moisture content: 30% 

- LHV (dry): 2,150 kcal/kg 

- LHV (untreated): 1,330 kcal/kg 

- carbon content: 16.5%. 

Estimations show that the incineration of Dakar's municipal 
waste wculd make it possible to generate 100,000 TOE of 
electricity, which wo~ld reduce the country's overall petroleum 
bill by close to 18%. 

This preliminary study has been carried out by the EDF 
subsidiary DITT, and was associated with an examination of the 
commercial outlets for the elec~ricity generated as a by
product. At this time, the national electricity company is 
prepared to handle all the electricity produced through 
incineration, provided that selling price per kWh remains lower 
than the prices currently practised. 

A feasibility study will make it possiole to optimize the 
choice of a site for the industrial incineration plant 
(estimated costs: FF 17 million), and to plan an adequate 
collection infrastructure. It would then be possible to 
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consider household waste as a national resource, and an 
integral part of the nation's energy accounts. 

2 - DAK.Ak ABATTOIR HASTE 

This project involves the production of methane and compost 
from abattoir waste. 

The Dakar abattoir currently handl~s daily: 

- 2~0 head of cattle 

- 600 sheep/goats 

- 30 pigs. 

Abattoir activities produce an estimated 10 tons/day of fecal 
matter, all of which could be treated in an industrial methane 
fermentation unit. 

This unit will make it possible to produce: 

electricity (generated. by biogas-fired generating sets) and 
hot water (essential for washing the abattoir}, thereby 
meeting 40 - 50% of the abattoir's total energy requirements; 

- ccmpost (with a natural outlet in the market gardening areas 
of the Dakar peninsular). 

The project will also 
caused by the current 
ocean. 

make it possible to reduce pollution 
practice of dumping this waste in the 

Investment costs have not yet been precisely calculated, but 
will not exceed approximately FF 2 million. 

Overseas assistance is sought for the feasibility study into 
the utilization of this waste, with a view to specifying the 
following: 

- composition of waste; 

- financing for investment; 

- pos~ibility of installi~g the industrial unit before ~he end 
of 1985 or during the first half of 1986; 

- local training requirements for operation of facili~y. 
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SRI LANKA 

Summary report of speech delivered by Mr de Alwis, Head, 
Agricultural ~evelopment Department, National Research and 

Development Center 

1 - INTRODUCTION 

Coconut fiber, a by-product of the copra industry, is available 
in large quantities in certain parts of Sri Lanka. 

Natural decomposition of coconut husks is a very slow process, 
and these substances are at present very little utilized. 
Attempts have been ma.de to re-use the husks as fertilizer in 
the coconut plantations, but organic :natter content is 
insufficient. 

A small-scale unit has been installed in one copra production 
facility to prcduce briquettes from the fiber. ~he production 
of these brique-ctes appears •.mcompeti tive compared with 
charcoal production, since the briquette manufacturing process 
consumes large quantities of energy. 

2 - AVAILABILITY OF THE BY-PRODUCT 

~he low density and high moisture content of coconut fiber (70 
- 80%) make utilization difficult. Any process ai:ning to 
utilize this ~aterial must thus oe preceded by a drying line 
and a briquetting line, both of which consume large amounts of 
energy. The treated product, however, has a heat value of 
12,000 kJ/kg. 

Coconut fiber production (10% 
esti:nated at 150,000 tons/year. 
country, b~t particularly in 
Colombo. 

moisture ccntant) can be 
It is ?reduced throughout the 

the "Coconut Triangle" near 

The low density of coconut fiber makes it pr9fer~ble to locate 
briquetting uni~s in that region to avoid excessive 
transportation costs. 
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3 - EXISTING MARKETS 

Fifty-five percent of the energy consumed in the country is 
derived from wood. Woodfuel consumption stands at 840,000 
tons, of which half is utilized in the domestic sector. 

There would be considerable demand for briquettes in urban and 
suburban ar~~s if prices were competitive with prices of 
woodfuel. In rural areas, on the other hand, where wood is 
collected individually, demand is likely to be substantially 
lower. 

Large quantities of liquid gas are consumed for cooking food in 
urban areas, and it would thus be fair to assume that the 
market for coconut fiber briquettes is open in this sector. 
However, since users are unwilling to return to the use of 
traditional open-hearth stoves, it is indispensable to install 
combustion equipment that is suited to this type of fuel. Our 
organization has developed an ideal cooker for this purpose, 
with a level of efficiency of 25%, compared with 5 - 10% 
achieved wi "Ch tr::td.i ~icnal s-coves. 

There is a~3o a ~arket in the :ndustrial sector: many 
industrial precesses {small-scale foundries, blacksmiths, etc.) 
utilize f~el oil, ~ocdfuel or charcoal, and constitute :urther 
~arke~ potential for coconut fiber briquettes. 

4 - THE PROCESS 

4.1 - Dryicg 

?rel iminary drying of the r3.W waste is very important, 
is a determining factor in the economic viability 
briquetting process. 

since it 
cf the 

Mais-cure content can be reduced to 40 - 50% simply by using 
hydraulic presses or ~olling mills. 

Solar-powered drying units are then used in the 3econd phase of 
the drying process to reach 20% moisture content. A solar 
panel of 3.5 mi can dry 30 ~of fiber per day. 

4.2 - Briquetting 

Dry fiber i3 compressed into briq~et~as at a temperature cf 
i3o~c. 
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Compression is carried out by hydraulic machinery fitted with 
heated cylinders. These cylinders require a supply of hot gas 
or superheated steam. 

A gas generator supplied with a small quantity of briquettes 
produces lean gas for a burner unit. This burner can be 
utilized with a boiler to produce superheated steam, or with a 
gas mixer to obtain hot gases at the temperatures required for 
the process. 

Residual gases at the ou~let of the briquetting machine can be 
utilized to supplement the solar-powered drying lina. 

5 - COST BREAKDOWN 

The cost of an installation including presses, solar drying 
line, briquetting unit, gas generator and related equipment is 
estimated a.t 1. 6 mil lion rupees. 

Operating cos~s (~aintenance, electricity, etc.) are estimated. 
at 23,000 ~upees per month. 

Wi'th daily prod·1ction of 10 tons of brique'ttes, -che plant wiil 
have produced 15,000 tons in 5 years. Five percent of this 
production will be utilized to supply the gas generator. 

Briquette production costs are thus 0.38 rupees/kg. 

Transportation costs between ~he factory and the point of 
consump-cion (50 km), and the density of the product (750 kg/m3) 
raise costs to 0.45 rupees/kg. 

6 - ENERGY BREAKDOWN 

Coccnu't fiber briquettes have a heat value of 12.000 kJ/kg. 
The pric~ of the heat produced by these briquettes can thus be 
calculated at 37.3 rupees/GJ. 

~his ;>rice is only 60% of the least expensi•1e alternative 
(wood). 
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TANZANIA 

Summery report of speech delivered by Mr Nindie, Research 
Engineer, Energy Conservation Department, Organization for 

Industrial Research and Development (Tanzania) 

The economic background of Tanzania (increasing problems of 
balance of peymen~s and inflation rates, and decreasing rates 
of growth) is a result of the sharp price rises for petroleum 
products, and has led the government to direct research towards 
alternative sources of energy. 

1 - ETHANOL PRODUCTION FROM MOLASSES 

1.1 - Advantages and objectives 

Tanzania sees alcohol fermentation for ethanol production as a 
feasible alternative, and favors small-scale units (5 m3/day). 
Such units would have the following advantages: 

- low level of investment 

- direct access ~o supplies of animal feed 

- rapid implementation 

- participation of :ocal farmers (impact on employment} 

- improved geographical distribution of alcohol-fuel supply 

- effective instrument of rural aevelopment. 

The Organization for Industrial Research and Development has 
carried out an investigation with a view to setting up a small
~cale ethanol production facility. 

The objectives of this project are as follows: 
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- to reduce foreign currency expenditure and redress the 
balance of payments; 

- to increase per capita income in rural areas, while 
increasing the nation's agro-industrial activities associated 
with alcohol production; 

- to reduce environmental pollution caused by disposal of 
molasses in Tanzania's rivers. 

1.2 - The project 

A piiot plant is planned, with a capacity of 5 m3 of ethanol 
per day. 

This installation and those 
in the ~ong ter~ tc supply 
thereby replace d~esel oil 
Further, it will be possible 
derived chemicals to replace 

that follow will make it possible 
more fuel to domestic markets, and 
and gasoline utilized by cars. 
to increase production of alcohol
petrochemical input. 

In 1983, 120.000 tons of gasoline were consumed in the road 
transportation sector. To replace with alcohol 20 - 30% of the 
petroleum utilized, production of approximately 30,000 m3 of 
etnaool will be required each year. Large-scale sugar 
producticn facili~ies produce 75,000 tons of mclasses/year, of 
which only 6% is currently utilized for alcohol ~anufacture and 
cattle feed. 

The pilot plant will have a capacity of l,000 m3/year, i.e., 
5,000 l/day for 200 days of operation per year. Total 
investment required for this plant is $750,000. Production 
costs for e~hanol are $200,000/year, and the ethanol ~ill be 
sold at $0.7/1. If the plant operates at 60% of its installed 
capacity, it will return profits of $300,000/year. 

The payback time on the investment is ~hus 2.5 years. 

1.3 - Conclusion 

The plant is designed for a yearly ethanol production capaci~y 
of 1, 000 :n3. 

Specific gravi-c7 of gasoline 15 735 :.cg/:n3. If 1,000 m3 of 
ei;hanoi are utilized instead of gasoline, the national eccnomy 
·11ill :nake savings of 735 tons of gasoline. 

Gasoline prices en world markets stand at $275/ton. 
sa11ings of approximately :S200, 000 would be possible. 

Thus, 
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2 - DESCRIPTION OF PROJECT AIMED TO REDUCE DEFORESTATION 

2.1 - Introduction 

At this time, a large proportion (30%) of the energy consumed 
in our country is derived from wood.fuel. We consume 
40 million m3 of wood each year, and are woodlands and forests 
are disappearing as a result. 

Considerable peat reserves have been discovered in North-East 
Tanzania. We should like to try to use this peat in an aim to 
reduce the rate of deforestation. 

We will also ~equire the transfer of new techniques in order to 
manufacture charcoal under optimum conditions (increased 
efficiency). 

Z.2 - Project for the manufacture of peat briquettes 

Several diesel oil-fireci electricity generating sets are 
ins't.alled in the area around these reserv·es, and we incur 
considerable expenditure by importing the fuel they require. 
We have examined the possi~ility of using briquet't.ad peat to 
generate electricity for heating in the households sector. 
Tr3Ilsporta't.ion causes va::.-ious problems in these areas. 

~e do not have direct access to the 
survey these peat reserves, and it is 
are approaching specialists in an aim 
detail whether our project is feasible. 

technology required to 
for this reason that we 
to assess in greater 

2.3 - Improvement of equipment for the production and 
utilization of charcoal 

In theory, 4 million m3 of wood are carbonized to produce 
290,0CO tons of charcoal. The wocd has a specific (ravity of 
0.8, and ~f~iciency of the charcoal producticn pr~cess is 10%. 

As one spea:~er has 3.lready pointed out, charcoal kilns now 
exist with levels of efficiency ~3aching 20 - 30%. This 
equipment must be utilized in our country in order to limit 
deforestation. 

~e wish ~o gain 
high-~ff iciency 
produc~ion. 

access 
kilns, 

~o ~he technology needed to 
and thereby increase cur 

produce 
charcoal 

Annual charcoal demand in Tanzania stands a~ 300,000 ~ens, and 
is Jrcwing at a r~te of 5% ~er year. 
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Forty-three percent of our country is covered with woodland, 
but our reforestation program i.3 :lO"t. succeeding in maintaining 
the rhythm of deforestation. 

The charcoal that is produced is utilized chiefly in urban 
areas, in charcoal ovens with 10% efficiency. These ovens are 
widely used, since gas or elec~ric cookers are not available in 
sufficient cumbers and =osts are too high. Traditional 
charcoal cookers are thus in wide use, and levels of efficiency 
are very low. 

We are aware that ovens of improved quality are now available, 
and we intend to carry out an investigation to assess the real 
needs of charcoal users, and to increase efficiency. 

2.4 - Conclusion 

It is estimated that 
charccal ovens. At 
traditicnal charcoal 
levels of efficiency 

500,000 households 
this time. those 
cookers built by 

are very low. 

in this country utilize 
households are using 
local craftsmen, and 

ne ~culd like to set up a small-scale facility producing 20 
=cokers per day, or improving the quality of these ovens so 
that we can gradually e~sure that this new technology spreads 
throughout the country and that the diff arent manufacturers 
apply the technology to their production processes. 

We intend to carry out an investigation aimed at both 
~anufacturers and users. 

A traditional oven consumes approximately 600 kg of charcoal 
per year, while an oven of improved quality consumes only 
240 kg. Yearly savings of l,728 tons of charcoal can be made 
using a ~i:n with 10% efficiency and wood with specific gravity 
of 0.8. These savings represent an economy of 21,000 m3 of 
wood. 
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THAILAND 

Summary report of speech delivered. by Mrs Suvachittanont, 
Researcher, Energy Research Division, Thai Institute of 

Scientific and Technological Research (TISTR) 

1 - INTRODOCTON 

In 1883, our rice production was 17 million tons, containing 
20% paddy husks (i.e., approximately 4 million tons). Most of 
these husks are unused, and rice producers are obliged to 
dispose of the by-product by in~ineration. 

The Thai Institute of Scientific and Technological Research has 
thus decided to organize pilot programs to promote pyrolytic 
technologies for the utilization of rice husks. 

2 - OBJECTIVES 

The program of action led by the Insti~uta seeks to achieve 
several objectives: 

to convert rice husks into charcoal, oil and gas in an aim to 
replace conventional sources of energy and to remove these 
waste products; 

- to apply the technology to other agro-f ood industries as a 
method of disposal of waste; 

- to supply agro-food indust~ie~ with recycled energy; 

- to create employment; 

- to export the technology to other developing cour.~ries. 

3 - PYROLYTIC TECHNOLOGY 

Pyrolysis is the thermochemical conversion of organic matter 
into combustible gas in the limited presence of air. No 
external source of heat is required fer the reaction. 

The husk storage system is fitted with a device ~o feed fuel 
into the reactor. The product is collected in a charcoal drum 
in the base of the reactor. This conversion system is fit~ed 
with a ~est unit to check that the reaction has been comple~ed 
and that ~he finished 9roduct is a pyrolytic g~s. 
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Further, we have designed. and developed. a briquetting machine 
for the production of balls made by mixing carbonized. rice 
husks with cassava starch (tapioca). These balls of charcoal 
can then be utilized for domestic purposes. 

The gas produced during the process is dedusted in a cyclone 
bef cre being stored in a gasometer connected to a 5 kw 
elactricity generating set. 

4 - EHRRGY AND COST BREAKDOWN 

We have several demonstration plants, two of which have been 
set up in provincial areas, with unit capaci~y of 1.5 tons of 
rice/day. Mixing tanks have been installed to allow for the 
supply of gas to a 280 hp diesel engine. Thirty percent of the 
fuel requirements of these diesel engines has thereby been 
economized. 

~ost rice production facilities produce 40 tonsiday of rice 
husks. Processing requires 130 liters of fuel per day. The 
installation of a system of pyrol~sis will make it possible to 
eccncmize approximately 50 liters per day. 

?ayback time en the 
~pprcximataly 2 years. 

5 - CONCLUSION 

investment (around FF 60,000) is 

Our Ins-citute would like "to act as adminis,trative coordinator 
between local organizations, overseas investors and rice 
producers, and seeks financing at low interest rates. 

~e could also supply the basic design parameters, as well as 
infor~a~ion as to cost and optimum conditions of opera~ion. In 
ccnjunc1=ion with the National Energy Agendy, we could offer 
financial assistance to inves~ors in ~he for~ of special 
incentives for the !'.'eduction of taxes or the extension of 
fiscal payment schedules. 
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TUNISIA 

Summary report of speech delivered by Mr Maherzi, Directorate 
of Design and Development, Entreprise Tunisienne d'Activites 

Petrolieres (ETAP) 

The Tabarka livestock breeding facility SOCELTA has launched a 
project for the production of biogas from animal excreta, and 
in particular from poultry droppings. 

1 - INTRODUCTION TO THE LIVESTOCK BREEDING FACILITY 

This farm breeds laying hens, meat chickens and breeding hens. 

- The laying hens are accomodated in about twenty buildi~gs. 
An average total population of 160,000 produces 32 tons of 
droppings each day throughout the year (11,500 to~s/year). 

- ~eat chickens number an average of 70, 000 (al thougt. '.e 
buildings can hcusa up t~ 5~0.000 birds) and produce 500 
tons/year of droppings with 30 - 50% moisture center 

100,000 breeder hens produce 3,500 tons of droppin~~ per 
year. 

The farm thus produces a total of 15,500 tons of drop-~ngs per 
year. 

The buildings housing the laying hens each 
cooling and humidification unit, three 1.5 
scraping droppings, and lighting equipment. 

requirP an 
hp mocors 

air 
for 

Buildings for meat chickens and breeder hens require lighting 
and heating equipment to main~ain temperature at 25~C. 

SCCELTA also has a cattle feed plant producing 100 tons per 
day. A granulation project is underway. and requires a new 350 
kW tr3.nst'ormer. 

2 - THE PROJECT 

2.1 - Preparation 

A study must first be carried out into ~he sui~abili~y of 
setting up demon~tration digesters for modules of d~t~erent 
si::!es: 
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- installation of digesters 
10,000 hens and producing 
year; 

for 
260 

single buildings each housing 
540 tons of droppings per 

- installation of digesters for a group of 4 buildir..gs housing 
a total of 40,000 hens and prcd~cing l,000 - 2,500 tons of 
drcppings per year; 

- installation of a central 
buildings with an average 
tons of droppings. 

digester for 
total yearly 

all the company's 
capacity of 15,000 

The different possibilities for ·.ltilizing the gas produced must 
then be examined, as well as the feasibility of replacing 
conventional fuels (electricity, LPG, etc.) with biogas, so as 
to maximize energy ~elf-sufficiency for such facilities. 

2.2 - Implementation 

Three phases are needed to implement this project: 

- installation of one or more biogas prcduction unit{s), 
depending on the solution adopted.; 

- installation of equipment needed for total consumption of the 
gas produced, in replacement of existing equipment, in 
response to the findings of preparatory investigations; 

- installation of a compost processing unit. 

Mr Maherzi then described a pilot biogas 
production plant set up on a private farm 
with 15 head of cattle and using a bell
type digester to produce 5 m3 of biogas per 
day. This plant is used for lighting and 
heating purposes. 

Mr Maherzi also explained that 47% of the 
popu:ation of Tunisia is located in rural 
areas. 85% of these households are not 
supplied with electricity, and more than 
half are loca~ed in remote settings. An 
investigation is underway to assess the 
ener~y consumption of these small-scale 
farms (3 or 4 head of cattle), where 
barrel-~ype diges~ers can be installed. 
Biogas will be used for pumping wal;er as 
well as for cooking and :ighting. 
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OTHKR USKS OJ' BY-PRODUCTS FROM AGRO-JOOD IHDOSTBIES 

Mr Affholder, Director, ANRED, and Chairman 
of this session, gave the floor to 
Mr Cheverry and Mr Richard. 

Mr Cbeverry, Agence Rationale pour la Recuperation et 
l' lUi•inatioo des Decbets ( AHRKD) 

First I should like to say a few words about the spreading of 
·organic soil improvers, a method of utilizing waste from agro
food industries that is likely to develop further in the 
future. 

Spreading, or manuring, is 
contains organic matter and 
as: 

- water supply to the soil 

advantageous 
minerals and 

- mineral supplement through fertilizers 

as this effluent 
can thus be of help 

- organic matter supplement (for structural stability and 
biological activity in soil). 

A further, quite widespread use involves composting. This 
technique makes it possible to utilize solid or semi-solid 
waste, which cannot be spread on the fields. 

The utilization of animal waste can be of interest in that once 
the energy potential has been removed, the protein 
concentration of the by-products is higher and they can thus be 
used in animal feed in place of other products. 

The p~ocess nevsrtheless involves problems of preservation and 
storage, and composition can vary over a period of time. 

Existing techniques must be adapted on a case-by-case basis to 
take account of each of these obstacles. 

Another method of utilizing waste consists in enrichment of 
~hese products themselves in terms of nitrOl(en or protein 
content. The technology required for this biological process 
is considerably mor& sophisticated. 
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Each time, therefore, that a real chance appears to utilize 
waste from agro-food industries, it is essential to study each 
of these options before deciding how best to adapt to the local 
context and to the local conditions of the producer. 

Mr Richard. Bead of Food and Nutrition Department. 
lnstitut de Recberche sur l•Elevage et de Med.ecine 
Veterinaire des pays Tropicaux {IENVT) 

We are particularly concerned in our research with two types of 
application for utilizing by-products for cattle feed: 

- as a supplement in extensive livestoc~ breeding (particularly 
in the Sahel); 

- intensi~Te feeding {chiefly of ruminants). 

We are attempting to 
ration depending on 
available: 

make up a number 
the composition 

of different types of 
of the by-products 

- molasses with high energy potential; 

- cattle cake with high nitrogen content; 

- brewery by-products with high energy and high nitrogen 
content; 

- bagasse, groundnut ~hell~ or cottonseed hulls with low energy 
potential (through digestion) and low nitrogen content. 

For example, sheep feed ratio~1s were made up with mollasses, 
cottonseed hulls, cottonseed cake, cottonset?d and urea. 

The problem of energy potential comes into play when we want to 
use a by-product of J"mited possibilities either in terms of 
energy or in terms of nitrogen (bagasse, cottonseed huils). 

In response to a question concerning the 
IEMVT's experience wh,h rice husks, Mr 
Richard continued: 

We have only limited experience of rice husks. 
tests were rur. with a State company in Cameroon. 

A numbet" of 

These by-products have high silicon content, and are not Ldeal 
for f~eding animals, since they cause pathological disorders 
wher. more than 10% of the ration consists of ricb husks. 
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The type of production sought is an important factor: 

- in extensive livestock breeding, rice husks can be used as 
make-up feed in higher proportions; 

in intensive activities. to produce milk or meat at a rate of 
500 g gain per day per animal. rice husks can hardly be used. 

Mr Singh (India) pointed out that rice 
husks, which are widely available in India, 
are not currently utilized to produce 
energy in India, hut incinerated in kilns 
or burned in the fields, which causes 
serious pollution. He suggested that the 
use of small-scale power plants be 
developed in rice-growing areas. 

Mr Maung, Honorary President of the 
Consultative Committee and Head of 
Industrial Development (Chemicals Industry) 
Service ci UNIDO (Vienna), pointed out that 
an FAO report is available on the use of 
rice husks in boilers, as are the results 
of a pyrolysis unit in the Philippines. 

Mr Camara (Guinea) questioned Mr Cheverry 
on the subject of utilization of pineapple 
draff. 

Mr Cheverry. ANRED 

In pineapple canning activities in Martinique, bract waste is 
prassed and the juice that remains is filtered to recover the 
suspended solids. The pressed residue and the suspended solids 
are then stored in silos as animal feed. 

Investigations are underway into the use of the juice to 
produce energy, but to my knowledge no such study has been made 
of the solid waste. 

In response ti'.!> a question by Mr Bouity 
(Congo), concerni~g financing aid for the 
development of, research and impl,ementation 
of projects in, the renewable energy sector, 
Mr Lambert replied: 
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Mr Lambert. Agence Francaise pour la Mattrise de 
l'Energie (AFME) 

Covering ~oth research and demonstration projects. the 
"Ma1trise de l'Energie" program (formerly .. Sahel, Energies 
Nouvelles") set up by the Cooperation and Development 
Department at the Ministry of Foreign Affairs (Mrs Geissmann) 
and the AFME, has subsidized a n~mber of pilot or demonstration 
plants in the renewable energy sector. 

It is clear that energy management projects must in all cases 
form part of wider action involving rural development. housing 
projects, agro-food industries, transporta~ion, etc. 

There is thus no credit available for renewable energy projects 
since there are no renewable energy projects that exist as 
such. There are pumping schemes that meet irrigation 
requirements, biomass projects that help to stabilize the 
energy balance and cost balance in a project for an agro-tuod 
industry, and so on. 

For countries concerned by the Fonds d'Aide et de Cooperation 
(FAC}, i.e., cniefly French-speaking African countries, there 
are financing possibilities, either for a feasibility study, or 
in the form of partial subsidies (in conjunction with the 
Caisse Centrale de Cooperation Economique. 

the CFCE (Centre 
COFACE credits 
but all these 

For other countries, organizations such as 
F~ancais du Commerce Exterieur} can provide 
(export credits guarantee~) in certain cases, 
details will be given later. 
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POLLUTION CONTROL 

Mr Lucas. Assistant Director of Technology 
and Innovation, Directorate for 
Agricultural and Food Industries, Ministry 
of Agriculture, and Chairman of this 
session. pointed out that French policy in 
i964 has made it possible to deal wi~h ~he 
problem linked to water treatment through 
action taken by the Water Authorities in 
relation with the competent public bodies. 

Mr Noel, Head of Industry Department, 
Artois-PicardiP Water Authority 

Agro-food industries cause more than half the pollution in our 
country (excluding toxic ~ubstances). The first technology to 
be developed was aerobic purification. This treatment process 
is higtly efficient, but involves two major ~rawbacks: 

- production of residual sludge (that cannot be utilized); 

- considerable electricity consumption. 

Later, research carried o~t in France led to the development of 
new techniques involving anaerobic treatment. 

It should be pointed out that most installations in France are 
large-scale stations. since they treat large quantities of 
pollution, created by urban conglomerations of several hundreds 
of thousands of inhabitants. 

Even if anaerobic treatmenc can be used to produce methane for 
use in boilers, this gas cannot be ~oln as a source of ~nergy. 

The treatment p~ocess is nevertheless less costly in terms of 
energy that aerobic treatment, since no energy input is 
required for operation. There are, however, disadvantages: 

- lack of long-term experienr,e (the earliest plants have been 
operating for 3 years); 

- the need for high levels of pollution in water treatei 
(preliminary preparation of water required); 

- production of other pollutants (e.g., ammcnia). 

The technologies 
considerably, and 

utilized by 
costs vary 

French companies vary quite 
accordingly. Each technique 
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should thus be analyzed closely before deciding which one to 
use for a given case. 

Mr Duriez, Engineer, Environment Department, Regional 
Directorate for Industry and Research (Nord-Pas-de
Calais) 

In France, waste containing organic matter is responsible for a 
level of pollution equivalent to 100,000 tons of COD per year. 
If all this waste was treated anaerobically, yearly savings of 
approximately 100,000 TOE could be made. 

Anaerobic digestion is only possible if there is a need for 
energy in the vicinity to stabilize the heat balan~e of the 
installation. Waste must thus be at the temperature required 
by the process. Two cases are possible: 

- The waste can already be hot and have sufficient organic 
matter content (as in canning industries), and can thus be 
used. directly in methane production; 

The waste can be cold, and low-cost energy is required to 
raise temperature (as in sugar production). To avoid using 
the biogas, energy recovery must be incorporated ~n the 
design of the whole treatment line. 

The combustion of biogas can produce energy for the company. 
Biogas burners are available, anci operate on pure biogas or 
biog~s/natural gas mixtures. Biagas can also be stored to 
ensure a regular sup~ly to the turners. There are, however, 
safety problems linked to the use of biogas: 

Biagas is produced at low pressure, and there is thus a risk 
of air leakage into the equipment. 

- Biagas contains significant quantities of other gases, such 
as carbon dioxide (20 - 40%) and hydrogen sulfide, and 
equipment operation can be affected. 

Over recent years, the 9rocesses involved in methanization have 
undergone intensive and highly effective development. For 
example, the fixed-culture method of methanization makes it 
possible, through the relatively high volumetric load 
capabil:ties compared with conventional methods (non-intensive 
or uniformly mixed), to improve the efficiency of installations 
as well .,,_s the biogas yield, while reducing the volume of the 
digesters (and thus costs), but above all to reduce the 
retention time of the effluent. 
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On average, it would be fair to assume that in agro-food 
industries, ·1 kg of COD can produce approximately 0. 4 - 0. 65 m3 
of biogas containing around 60% methane. 

This recovered energy is generally equivalent to 10 - 20% of 
the primary energy consumed by the instf'.llation. 

Mr Cheverry, Engineer, ANRED 

Before speaking about pollution control, attempts must be made 
to reduce levels of pollution at source by adopting 
manufacturing processes that produce less pollution, as 
distilleries have already done. 

The sarr..~ company can have types of waste with different 
pollution levels, and it is of inte~est to separate these 
different types of waste at source in order to apply specific 
treatment processes. 

Each treatment process (methanization, aerooic treatment, 
lagooning, etc.} has a critical level, and, depending on local 
conditions, can be selected on the grounds of its relative cost 
or efficiency. 

Further, each treatment process itself generates by-products, 
and sludge in particular. These by-products can be discarded, 
or utilized as organic soil improvers. But problems can arise 
since the sludge contains pathogenic germs (that are a danger 
to the environment) and heavy metals (that affe~t soil 
quality). 

Mr Albagnac. Director of the INRA Food Technology 
Center (Lille) 

When choosing between mesophilic and thermophilic 
methanization, it should be pointed out that from a biological 
viewpoint, the activity of methanogenic bacteria populations i~ 
sioilar in both cases. It is thus practically never of 
interest to opt for mesophilic fermentation, which is more 
sensitive to sudden changes in temperature (especially in 
temperate climates). 

In terms of the general philosophy with regard to energy 
applications for crop residues or for effluent generated by 
agro-food industries, methanization is the latest technique 
available. Separation lines or separate collection systems can 
be set up so as to be able to treat pollution by conventional 
methanization techniques, and to reco~er substances that can be 
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utiliz'9d. in animal feed and pharm~ceuticals selectively and 
without causing water pollution. 

Aside from new, high-performance proces~es such as fixed
culture methanization. there is a wide variety of processes 
that have been known for some time. yet are not obsolete. The 
choice of process must be made on a case-by-case basis, and 
must take into acount the variability of the propert~~~ of th3 
waste, the amount of space available, etc. 

The average cost of an installation treating 1 ton of COD per 
day can be estimated at FF 400,000. 

It should nevertheless be pointed out that problems remain for 
the utilization and degradation of solid residue where levels 
of efficienc~ and treatment speeds are relatively low. A 
number of "phase separation" processes are being developed, but 
are still at the experimental stage. 

In response to a question from the Tunisian 
representative concerning the procedures 
already adopted to overcome the risk of 
explosions, Mr Duriez made several points: 

If air enters the installftion during anaerobic treatement, 
methane production stops. ~'his fact is thus a primary safety 
factor. 

If the process is maintained at slight pressure because of 
storage requi.i·ements, the problem is not encountered. 

- At very low pressure, however, an oxygen analyzer is required 
for checking oxygen content of the gas and thus avoid all 
risks of explosion. 

A representative from 
whether the figures 0.4 
with 60% methane per 
applied to all types of 

Ivory 
- 0.65 
kg of 
waste. 

Coast asked 
m3 of biogas 
COD treated 

Mr No!l stressed that these were average 
figures, but that at the Thumeries sugar 
production facility near Lille, 0.4 m3 of 
biogas with 85% methane was produced from 
each kg of COD treated. 
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Mr Albagnac added that it is preferable to 
speak in terms of production of methane per 
kg of COD broken down, and that there is a 
theoretical limit of 350 l of pure methane 
per kg of COD broken dowr, and that 80 -
90% of this potential is recovered 1n 
prac~ice. 

Mr Lucas closed the session by drawing the 
attention of participants to the capital 
importance of process diagrams in 
developing e.n approach to problems of 
pollution control: the point of departure 
should not be the quantity cf waste 
available, but the very beginning of the 
process. O~her possible uses should be 
examined, the residue left behind after 
treatment must be taken into account, and 
so on. 

He added that social organization is 
~equired to facilitate optimization of 
certain pollution control techniques. 
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PART FIVE: 

RKF~IKS FROM FRENCH INDOS~RIKS 

Summary report of proceedings 
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UTILIZATION OF BY-PRODUCTS: THE IMPACT ON AGRO-FOOD INDUSTRIES 

Summary report of speech delivered by Mr Lucas, Assistant 
Director for Technology and Innovation in Agricultural and Food 

Industries, Ministry of Agriculture 

1 - BY-PRODUCTS = ADDED VALUE 

By-products of the agricultural and food industries are very 
extensive and very varied resources, which should be utilized 
whenever possible. 

In France, for example. by-products from the sugar industry 
represent more than 20 million tons, and those from dairy 
industries in the form of milk serum contain more than 300,000 
tons of dry matter. They can constitute added value for 
product lines, which is essential, and which determines 
profitability in certain cases. There is so~~times a very fine 
distinction between pollutant waste and useful by-products that 
can become highly profitable products (altLough this is all too 
rarely the case). 

2 - RECOMMENDATIONS 

In many instances. it is important to insist on the need to re
assess the type and even the quantities of by-produucts 
available. Except in certain specific cases (shells, bones, 
etc.) the by-product should not be considered as a homogenous 
mass leaving the factorv. 

On the contrary, the entire process must be examined with a 
view to achieving three objectives: 

- limited losses 

- optimum utilization for entire plant 

- optimum timing of product/by-product separation phase. 

Many examples can be found in milk, 
oleaginous cr.)ps. 

cereals, sugar and 



3 - APPLICABILITY OF BY-PRODUCTS 

There is a wide variety of types of by-product found in 
agricultural and food industries in the countries represented 
here today: brewery malt returns. dolo and cassava draff, cake 
from groundnuts. copra, cottonseed, oil palm, palm fruit, etc., 
cacao pods, and so on. Many of these are still wasted or 
under-utilized. However, they are suitable for various 
applications, notably in the production of energy and food. 

3.1 - Utilization in livestock breeding 

The energy value of each by-product is expressed in terms of 
nitrogen, minerals and dry matter. The composition of these 
by-products is known, and some are more interesting than 
others. Certain by-products are complementary. Thought m•~::;t 
be given to the following: 

- the possibility of developing a local livestock breeding 
facility utilizing these by:-products; 

- an assessment of the potential of the cattle feed 
manufacturing industry, in the light of local and regional 
conditions: type of needs, frequency and duration of needs, 
costs for breeders. etc.; 

- the possibility of exporting a product with higher added 
value. 

3.2 - Energy production from by-products 

The rise in energy prices which has affected certain countries, 
and particularly France, has brought an urgent need to 
intensify the efforts we are making to replace fossil fuels 
with renewable energy sources. In many countries where biomass 
production is at a moderate or low level, or where biomass is 
difficult to mobilize, the use of waste from agro-food 
industries is of capital importance in this replacement 
procedure, whatever the disadvantages of the product (space 
requirements, low specific gravity, moisture content, etc.) 
might be. 

The experience gained in Europe over the last ten years in the 
field of waste-derived energy has demonstrated that the 
thermochemical process involving combustion, gasification, 
carbonization or pyrolysis has very interesting prospects, as 
does the biochemical processes including methane fermentation 
and ethanol production. 
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4 - CONCLUSION 

This approach can bring greater productivity 
and f~od industries, provided the following 
into account: 

to agricultural 
facts arP. taken 

There are no general soiutions: each case must be examined 
separately, and as critical an approach as possible should be 
adopted. Otherwise, there is a risk of breaking ground that 
has never been known to be profitable. 

It is important to continue research and development work on 
many subject~ ~n an aim to further improve on the results 
obtained and to exchange our respective experiences, as we 
are doing this week. 
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EXAMPLES OF APPLICATIONS FROM ENGINEERING COMPANIES 

Summary report of speech delivered by representatives of the 
companies CLE TECHNIP. SPEICHIM and LERMINET 

1 - BAGASSE TREATMENT IN MAURITIUS (Mr Suzor. CLE TECHNIP) 

Most Third world countries depend to a considerable extent on 
foreign exchange earned by the sugar industry. Regrettably, 
much of this foreign exchange is spent on the purchase of 
petroleum products. 

The sugar industry nevertheless has a sound infrastructure that 
makes it possible. with a few modifications, to optimize the 
utilization of ba.gasse. 

L 1 - Drying 

Until now, bagasse with 50% moisturP. content has been burned 
directly in boilers, with efficiency of 45 - 50%. 

Half of the energy contained in the bagasse is thus lost at the 
gas outlet. Logically, the first step that was taken was to 
recover this waste heat. 

The characteristics of the gases to be recovered must be 
identified before they can be sent to appropriate equipment and 
utilized for drying bagasse. 

When the bagasse is dry, the facility possesses a fuel source. 
The dry bagasse can either be converted entirely into 
electricity or stored for later use. 

Sugar industries seek to stagger their activities over a six
to eight-month period, and in this case storage is necessary. 

1.2 - Densification 

Before storing dried bagasse, it needed to be densified. 
Several methods were tested, and the final choice was 
pelletization. This choice was based on the economic viability 
of the factories in Mauritius, but the situation changes 
regularly and it is thus conveivable that the solution will be 
reconsidered in the coming years. 



1.3 - Mauritius 

-a-
1~~ 

A program has recently been launched concernin~ the 2i 
sugarcane processing plants in Mauritius. 

These 21 sugar facilities could supply 80% of the island's 
electricity requirements. through drying systems in all 
faciliti~s and densiiication lines in 12 faciiities. 

We ha~e recently finished. instaliing the first dryers and 
densification lines for the launch of this program. 

1.4 - First installation 

Ba4asse is transported to the drying unit on conveyor belts. 

At the outlet of the unit. a proportion of the dried bagasse is 
sent to the factory where it is used as fuel, while the rest is 
sent to the densification unit. 

The increased efficiency of the system is largely due to the 
combustion of dried bagasse in the boiler units. 

Before densification, 
procedures: 

dried bagasse goes through various 

sorting, needed for selecting particles of suitable size for 
pelletization: 

- steam treatment, needed to achieve malleability required for 
pelletization. 

The drying unit is supplied with gases taken off the stack. A 
certain quantity of gas is systematically released so that air 
does not enter the stack. 

This entire system is closely monitored and required only two 
days of training for the operators in Mauritius. This first 
plan~ will produce 18,000 tons of densified fuel per year, 
which will be used by another factory and converted into 
electricity. 

$80 million will be required to complete this program. 
over 10 years are estimated at $110 million. 

Savings 
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2 - TREATMENT OF HASTE FROM PALM OIL MILLS (Mr Blayo. 
SPEICHIM) 

The combustion of by·-prociucts from palm oil mills provides an 
ideal example of a ~~ccessful project, since this application 
has now spread to ~ll the inJustrial oil mills that have been 
set up over the last 20 - 30 years. 

It appears in practice that palm oil mills have a good supply 
of energy resources, but that their principal problem lies in 
the reliability of equipment and installations. 

2.1 - Principal types of waste 

The finished product, oil. represents only 25% of ·che raw 
material by weight. 

The waste consists of bunch refuse (25%), shells (7%) fiber 
(8%) and liquid waste. 

The combination of two 
increasing production) 
research into means of 
running costs. 

factors (quantities of waste and rapidly 
explains the importance attached to 
utilizing this waste in order to cut 

2.2 - The process adopted 

The solution generally adopted for producing energy needed by 
the factory is the combustion of oil palm fiber and shells. 

In practice, from one ton of bunches per hour, it is possible 
to produce 500 - 600 kg of steam at 20 - 25 bars. 

The steam pressure is reduced to 3 bars in a turbine, and the 
low-pressure steam is then used in the factory for 
sterilizaticn of bunches and heating of different products. 

The pressure-reducing turbine drives an AC generator that 
supplies electricity to the various motors and to the accessory 
equipment in the factory (lighting, laboratory, etc.). 

This simple process did however require certafn modifications 
to the oil mill machinery: 

- medium-pressure boilers were required, and water-treatment 
requirements were thus greater; 

- a mechanic and an electrician were required for the turbo
generator and stand-by electricity generating set. 
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2.3 - Limitations of the conventional process 

Efforts are generally not made to reduce 
consumption. since energy saving~ would incur 
operating cos~s to remove unspent fuel_ 

electricity 
additional 

This reasoning has be~n rap~ated many tin.es over the 1::..st 10 -
20 years. Lut s•_1ch an a.pprr;:t•..;n is limited: 

- Palm oil mills do not -?erate continuously_ They are sized 
to handle peak periods of production that last onlv a few 
weeks of each year_ During these periods, all the 
installations remain hot from one day to the next, and there 
is a surplus of fuel_ On the other hand, in certain off
peak periods, insufficient fuel is available and a make-u~ 
fuel source is indispensable (e.g., for a diesel-engined 
generating set). 

- In ~mall-scale units capable of handling 6 a tons of 
bunches per hour, energy self-sufficiency is not reached, and 
diesel-engined generating sets are required. Operating costs 
of the factory are thus si.~nificantly higher. 

To replace fuel uil, one interesting solution is to install gas 
generators operating on shells to produce lean gas. 

3 - UTILIZATION OF ABATTOIR HASTE AND BREWERY MALT RETURNS AS 
ANIMAL FEED (Mr Devoisin, LERMINET) 

3.1 - Brewery malt returns 

World beer consumption is growing 
developing countries, altho1Jgh it 
Europe. 

3.1.1 - The by-product 

sharply, particularly 
is relatively stable 

in 
in 

Beer is produced through fermentation of barley grains, during 
which the starch is converted into sugar. Dried, mashed malt 
is added and the mixture is boiled. Returns are filtered out, 
and the liquid ferments ~o produce beer. 

The returns (barley without starch) is rich in proteins and is 
a first class nutrient for animals. However, they contain only 
20% dry matter and must thus be dried to avoid rapid 
decomposition. Since energy prices rose, the cost of drying 
returns has become prohibitive. 
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3.1.2 - Dehydration by lipid bed evaporation 

Our company thus sought an efficient means of reducing the 
moisture content of the returns that avoided the restrictions 
of traditional methods of drying. 

The dehydration process involves treating the returns as soon 
as they are filtered out of the wort. At this stage the 
product is at 75°C and can be evaporated. on a lipid bed by 
feeding oil into a multiple-effect ex~hange~ until the solids 
suspended in the oil are water-free. At the end of the 
process, dehydrated returns are separated from the oil bath in 
a centrifuge, and the oil can then be re-utilized. 

Centruifuging will not be perfect, however, and a 
quantity of fats will remain in the final product, 
increasing its energy potential. 

3. L 3 - Comparison with traditional drying method 

certain 
thereby 

Traditional methods of drying consume approximately 5 kg of 
steam for each kg of water evaporated., while lipid-bed 
evaporation requires 0.12 - 0.25 kg of steam for each kg of 
water evaporated. (depending on the number of effects of the 
evaporator in the low-temperature thermoc~mpression system). 
If a system of mechanical recompression of steam is applied to 
the product when hot, steam consumption can fall to a maximum 
of 0. 05 kg/kg of water evapora·i;ed. 

3.2 - Abattoir waste 

A poultry slaughtering facility has recently been set up that 
uses no fossil fuels, and with electricity requirements of 
0.15 kW and water requirements of 4 1 for each bird 
slaughtered. 

The problem remained of how to dispose of the products that are 
not aimed for human consumption: 

1) head, feet, necks (1,550 kg/day} 

2} entrails (l,700 kg/day) 

3} feathers (l,800 kg/day) 

4} blood (600 kg/day). 

The mixture of 1} and 2) has moisture content of 65%, and 
contains 66% - 70% feathers and 83% blood. 



Feathers can be pressed. Pressing requires c~lf 15 to 20 
~c1lfkg of water removed, while dehydration re·1uires 500 
~.000 kcal/kg of water removed. 

However. the other forms of waste m~st ~~ processed untreated 
and are thus dehydrated immediately i~ an air- and water-tight 
mi·dng uu::;. c~ heated. rc"":.ating ta:-.k :::Cept under pressure, and 
fitted with an in~ernal screw device to avoid aggregation;. 

The volume of this tank depends on the size of 
but is generally 5 m3. 

~ abattoir, 

Gas is needed to heat the mixing unit. For a product with 65% 
moisture content, cost price of the kg of water evaporated is 
approximately FF 0.33, excluding related costs and amortizement 
of capital equipmen~. 
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LIST OF INDUSTRIAL COMPANIES REPRESENTED 

ABC BIO INDUSTRIE 

AIC - SIT 

AINF 

BERTIN 

Mr Morgan, Chief Executive 

Biolo~ical preservation 
vegetable by-products 
recycling as animal feed. 

Mr Romin, Chief Executive 

of animal 
suitable 

and 
ior 

Assessment and management of f~ctories. 
technical assistance and training i11 
various industries in the agro-food sector. 

Association Interprofessionnelle de France 

Mr Wallyn, Director, Commercial Relations 

Official non-profit organization 
established for nearly 90 years and ~ith a 
staff of 500 persons. 

The AINF 
unequalled. 
inspection, 

has in-depth knowledge and 
experience in technical 

consultancy and training. 

Mr Delcros, 
Relations 

Director, International 

Research and Development company with a 
staff of 500, including 250 engineers and 
managers, involved in the development of 
processes considered a priority for future 
industrial application in the following 
fields: thermal equipment, energy, fluirl 
mechanics, optics, electronics and 
industrial systems. 
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BIOMAGAZ 

CdF INGENIERIE 

CEREX 

CGEC 

Mr Aubart, Director 

Mr Seve. Chairman 

Design and manufacture of treatment 
stations using methane fermentation. 7he 
company is part of the EMC Group 
(Entreprise Miniere et Chimique) and is 
particularly involved in agricultural 
supplies (fertilizers and animal feed). 

Mr Coulombe!, Head of Industrial Equipment 
Department 

Regional company formed by Houilleres du 
Ba~sin du Nord et du Pas de Calais, a 
subsidiary of Charbonnages de France (CdF). 

Engineering company supplying 
industrial plants in all fields. 

Mr Dutreux, Commercial Director 

Mr Ledru, Project engineer 

Recovery and utilization of bagasse. 

turnkey 

Com~agnie 
Chauffage 

Generale d'Entreprise de 

Mr Fourncls, Exports manager 

Paris-based subsidiary of Societe Francaise 
des Petroles BP, CGEC has a staff of l,000 
and a yearly turnover of FF 850 million. 

Ins·tallation, operation, routine and 
specific maintenance of heating plant, air-
condi tioning equipment, cold storage 
facilities, electrical installations, 
electricity generating sets and water 
treatment pla~ts. 
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CLE-TECHNIP 

DECOBECQ 

DUVANT CREPELLE 
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Mr Roye~. Technical/Commercial Director 

Lyons-based company specialized in 
equipment for ~reatment of slurry, manure 
and organic waste from all livestock 
breeding facilities from small-scale farms 
with a capacity of 50 pigs to large-scale 
f&cilities of l,000 - 10,000 pigs. 

Mr Su"Zor 

Mr Carion, Commercial Director 

Large, independent design 
staff of 550, including 
working in 13 offices. 

off ice 
100 

with a 
engineers 

This design office is involved in design, 
engineering work ana technical assistance 
in building industries, handling and 
lifting equipment, and mechanical, 
electrical and electronics industries. The 
c1Jmpany has wide exp~rience of liquid waste 
treatment. 

Mr Martin, Com~ercial Department 

Mr Delval, New Energy Sources Department 

250 persons working at Lille, Sedin, 
Valenciennes (production facilities) and 
Soul tans (test facility). 60% of turnover 
from export markets (French-speaking Africa 
and Southeast Asia) . 

Activities: 
{generator 
en~ines. 

utilization of 
gas) and bi1Jgas 

lean gas 
in diesel 

References: 450 kW gas generator operating 
on coconut shells; conversion of standard 
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ENERSYSTEM 

ERP AC 
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diesel engine into gas-fired 
(natural gas, lean gas or biogas). 

engine 

Mr Boillot, New Energy Techniques division 

Electricite de France: morP. than 100.000 
persons 

Investigations and Research Directorate: 
3,000 persons 

Resource-based activities: ba.gasse, 
sugarcane molas~es slop, water hyacinths, 
eucalyptus brushwood.; process-based 
activities (with in-house experimentai 
equipment): comb•Jstion, gasifi~ation, 
methane fermentation. 

Examination of technical and economic 
feasibility and identification of potential 
investors and industrial partners. 

Mrs Mouinat Eboko 

ENERSYSTEM is a subsidiary of TOTAL and of 
SPIE BATIGNOLLES. 

The principal role of the company is to 
find solutions to problems of energy supply 
to sites located at considerable distances 
from the central distribution grid 
(agricultural settlements, ir.dustries or 
facilities). 

Activities: pre-feasibility and feasibility 
studies, investigation and set-up of 
sources of :inancing, sP-lection, operation 
and maintenance of equipment, and staff 
training for all multi-energy proj~cts from 
0 - 5,000 kW. 

Mr Morawek, I~ternational division 

Independent water-treatment company with a 
staff of 130 persons (50% managers). 

Marketing of water-treatment equip•·•~nt and 
products; regular technical assistance 
provided to French-speak in~ African 
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countries; examination of all problem? of 
water treatment in a production facility 
from inlet to outlet (sources. drinking 
water, process water, heating plant feed 
water, methanization: contact type , fixed
bed. anaerobic filter. sludge blanket, 
etc.) 

Mr Consigny 

Regional company (based in the Lille area) 
manufacturing a range of solar arrays, 
particularly based on tiles and slates; 
also involved in photovoltaic technology. 

France's second largest manufacturer in 
this sector. 

Production of industrial hct water (30 
1o~c) for all applications in the agro-food 
sector. 

LERMT~ET INGENIERIE Mr Lerminet, Chief Executive 

The company has a staff of 60 persons (80% 
engineers) and an annual turnover (works) 
of FF 500 - 600. 

The company was established ten years ago, 
and is involved in general and process 
engineering in agro-food industries. 
manufacture 0f ethanol-fuel with 
utilization of by-products for production 
of protein for human and animal nutrition. 
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PEC ING EN I ERIE 

PILLARD 
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Mr Dantonnet, Chief Executive 

This medium-sized company (PME) has a staff 
of 400 persons and is chiefly involved iP 
oil mills (crusher, press. industrial 
installation), with activities in other 
3gro-tood industries and abattoirs. 

Mr Maurice, Commercial Dir.a•-:-t.•:n"' 

Manufacturer and outfitter working in 
pneumatic transportation, air conditioning, 
dust e;ctraction and dehydration. 

Mr Bouquie, Director (PEC Toulouse} 

Entirely owned by the EMC Group (Entreprise 
Mini~re Chimique), PEC Ing4nierie has a 
staff of 200 persons and is developing its 
activities in the following sectors: 
chemicals, processing of nuclear waste, 
indu:=.;trial and agro-industrial waste 
treatment (including animal excreta). The 
company has many references in agro-f ood 
industries in Latin America and Africa. 

Mr Mestrius. Thermal Destruction of 
Pollutants Department 

Marseilles-based company owned by the Fives 
Cail Babcock Group, with a staff of 350 
per~ons and three subsidiaries (in West 
Ge~many, USA and Brazil). 

General industrial heating company 
manufacturing conventional and special
purpose burners (e.g., for lean gas), gas 
generators, incinerators. combustion 
chambers and special-purpose kilns for 
vegetable waste. 
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Mr Simon, Chier Executive 

Regional company (Nord-Pas-de-Calais) with 
a staff of 1,000 persons. 

General engineering company ~orki~g in all 
types of technical equipme~t, particularly 
for solar power, waste treatment and 
desalination of seawater. 

Permanent facilities in 
basin, in French-speaking 
English-speaking countries. 

the Caribbean 
Africa and i.n 

SATEC DEVELOPPEMENT Mr de la Mettrie 

SCET-AGRI BDPA Mr Houel. Head of Agro-food Industries 
Department 

These two design companies are owned by the 
technical subsidiaries group of the Caisse 
des Depots et Consignations and are 
spe~ialized in the implementation of rural 
development and agro-food projects. 

The SCET-AGRI 
Developpement de 
Group has a staff 
300 engineers and 

BDPA (Bureau 
la Production 
of 350 persons, 
managers. 

pour le 
Agricole) 
including 

The company adopts an integrated approach 
to the problems of development, from the 
rational use of natural resources to the 
processing and marketing of agricultural 
products and the utilization of by-
product~. 



SEPAREPUR 

SEP..MIE 

SGN 

207 

Mr Decool. Technical Director 

Regional design office and manufacturer 
employing 80 engineers and technicians. 
Particularly involved in pollution control 
e;f fresh water and proGess water, and in 
4as~P-~~ter treatment. 

Mr Loisel, Director 

(Societe d'Etudes et de Realisations de 
Materiel Industriel et Energetique) 

The company has designed several composting 
units for ligno-·~ellulose waste (400 kg -
2.5 tihr). a low-capacity gas generator, 
high-powered electricity generating sets, 
and special-p~rpose boiler equipment in the 
manufacture of pressure vessels. 

Mr Fremin du Sartel, Bio-industries 

SGN (Soci~t~ G~n~rale pour les Techniques 
Nouvelles) is a subs1a1ary of the CEA 
:Commissariat pour l'Energie Atomique) and 
TECHNIP. 

The company is specialized in nuclear 
t~chnology, but has activities in 
automation, the installation of flexible 
workshops and in industrial biotechnology. 

SGN has developed with the INRA a fixed
film methanization process, installed. at 
the BEGHIN-SAY sugar production facility at 
Thumeries (Nord-Pas-de-Calais) and at a 
distillery slop treatment facility in the 
Cognac region. A project for the 
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~e~hanization of sugarcane molasses slop is 
also underway in India. 

SGN is also developing a process for 
continuous alcohol fermentation on fixed 
cells. 

Mr Lesur, Commercial Direct.::>r 

CE (Chimie Expansion) is 
SNPE (Societe Nationale 
Explosif). 

a subsidiary 
de Poudres 

of 
a. 

Aside from the firm's principal activity, 
which involves the construction of 
factories and worksl 1ops for its French
based parent company. SNPE-CE has 
diversified into engineering for the agro
food industry: process. projects, 
implementation, commissioning and safety 
engineering. 

Mr Costa, Sales Engineer 

Gene.:-al engineering company. 

Mr Hancn, Director 

Design. engineering, agronomic management, 
administrative techniques. 

Mr Blayo, Chief Engineer 

SPEICHIM (Societe pour l'Equipement des 
Industries Chimiques) is an engineering 
company owned by the SPIE Batignolles 
Group. 



VALORGA 

Its principai activities involv~ dcsi~n. 
installation and technical 3.ssistance for 
chemicals and agro-food industries. 

In the agro-food sector. the company works 
c~ief ly with its awn pr0c~sses in ~he 

~cl!~~i~g 3r~as: distille~ies f~r 
production of alt~ •hol-ft.:el ::lr pure alcohoi. 
fermentati0n and yeast pr".ld.ucti.;:.n units, 
seed and palm oil mills. 

Mr Bo•.ichardeau, En£5ineer 



PART SIX 

ECONOMIC AND FINANCIAL ASPECTS 

Summary re!)orts of sp~eches 
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l - FRANCE'S PUBLIC-SECTOR INVESTMENT FINANCING INSTRUMENTS 

Mrs ~arsili~re. aepr~sentative, ~aisse Centrale de Coop~ration 
i!:'~'}nomique 

In ~r::i.nce. ·d-::•relopment aid and financin~ to be allocate-i for 
ir.d.us~t·ial d~velopment are handled by two ;ni~istri8s, ~~m':?ly 
;;he Hini.;;r:r:r of F·:Jre:;;n Aii.:tirs ~!'"\d -;;he Ministry 0r.' i<-i~an:~~-

Thi? allocation of public-sector funds for project financin-'5 is 
handled by the Ministry o= Finance, which makes loans available 
to c.:mntries ·~overed. by protocols concluded. at government 
level. Those loans can b~ used in conjunction with priva~e 
export credits known as Treasury loans. 

These :oans are gran~ad ~o a large nu~oer oi coun~ries. 
Others. to whi~h that possibility does not appiy, and with 
whi·~h France has si.=rned cooperation agreements. may :::-eceive 
funding from the Cais.;;e Centrale de Cooperati•:in £~,:;nomique as 
well as the Fond3 d'Aide ~~ de Coopciration (FAC) of the 
Ministry of Forei~n A:f~irs. 

The Caisse Centralt. d.:: Cocpera~ic:.n Economiqu~ is a go-..rernment 
body ope~·ating under- the au:;pica?S of the Mir.istry o: Finance. 
It .grants assistan·~·~ to a tini te number or· countries, covering 
the developing countries. including virtually all of Africa. a 
sizeable portion of "Gbe Caribbean. Haiti. the Lesser Antilles, 
the S~ychelles. and the Comoros. Those countries may apply for 
long-term loans to finance productive investments. I would 
like to emphasize the productive aspect of those investments: 
as financing invol ·..res loan capital. projects must generate 
sufficient inc.:>me to ~nsure loan repayment. 

NP.vertheless, the Caisse Centrale 
does take an interest in pilot 
they show conside-able promise 

de Cooperation Economique 
projects or studie$, provided 

of developing into productive 
pro.jects. 

In order to fa~ilitate industrial promotion. the Caisse 
Centrale d~ Cooperation Economique founded a subsidiary, 
PROPARCO, a company for economic promotion, that offers 
financing through the acquisition of shareholding interests. 
Its primarv ~im is to bring French companies into contact with 
medium-siz~d companies in the developing countries in order to 
help them increase production or develop technology. 
PROPARCO's activit:es are limited to providing technical 
assistance and participating in joint investments. Projects 
which have been identified by PROPARCO can become eligible for 
financing by the Caisse Centrale de Cooperation Economique. 



PROPA2.CO mana~es the Fonds :ies ~cudes Indust;rielles 
Renouveiables. which lS replenished from FAC subsidi~s. and 
which allows tor tn~ gran~ing of loans ~o French industries 
willing to execut~ a general study of a technoiogical or 
commercial installar.ion i:-i a dev-.:'!.oping country. Reimbursement 
for r.b.:>:: :;;:.udi-::s is required onl:r if the correspcna:i.ng project; 
::-~aches -:he exec,1cion s~age and 5enerat.0;s income. 

Aside irom grantir.g loans, certain French governmen~ agencies 
have developed instruments designed to offer assistance for 
innovation, in the form of financing for preliminary studies. 
I will mention just a fe~ of those agencies: 

ACTHL which :::.elped organize this consul~ative committee 
:neetin'!: 

- A~i~! . .\R, :'lnd . .. .. .. 
(l l VlS l.i~n, 

=~·.:,:!!·~ ~r-ies: 

l. ,~ ... 
pa::-ticularly 

especially 
the ANVAR 

active in 
Developpement 

the developing 

- 3. r:u:::ber of funds managed under the auspices of technical 
minis-t:d . .,::;. p;~r'tir::•..;Li.rly tne Minisr.r:r of A~riculture and the 
Mi~istry oi Re~~arcn, which are also in a position to offer 
subsidies or financing for i~novation. 

Aside from the possibilites offered by the French government, 
commercial banks can also provide financ.ng. Banque Nationale 
de Paris (BN?), which has agreed to ~ct as leader of the 
commarcial banks represented h~re by Societe Generale, Credit 
Agricole and Banque Indosuez. will discuss the various 
possibilities in ~his field and the means by which ~hey 
part.ici pate. 
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2 - POSSIBILITIES OPEN TO FRENCH BANKING ESTABLISHMENTS FOR 
PROJECT FINANCING 

Mr Charpentier. Banque Nationale de Paris (BNP) 

The way in which the BNP is organized to handle foreign trade, 
which is similar to ::hat of al 1 the ma.jar nationalized banks. 
~nabl.es us to operate in a ma..'1ner that is l: . .:?th centralized and 
decentrali::::ed. 

BNP has a General Directorate for Foreign Trade. located in 
Paris, which is staffed by foreign trade "technicians". These 
technicians work in one of two areas: opP.rations within France 
and operations in specific zones outside F'r~ce. iiere with me 
today are t·.vo other r~presentati ves of the General '.) i recto rate: 
Mr E~rgeron. whose -?:eog!"aphical zone is Africa. and Mr Bocquet, 
whose ~eographical :;one is Asia. My responsibili~y is in the 
agro-focd, agro-industrial, nwn-specialized engineering, 
cement. and ru~be~ sectors fer ~11 countries. 1Unfortun~Lely, 
the person in charge of the zone covering the Americas could 
not be with us due to unforeseen engagements elsewhere.) The 
professional sectors ~cvered by the General Directora~e are 
agro-food. transport~~ion, energy, buildinb and public works, 
and aeronautics. 

The staff of every BNP branch in France i:1cludes a person we 
cal 1 Director for Ini:e~·national Trade, wr. ~se job is to make 
contact with suppliers lo~ated in the zone covered by his 
branch, study that supplier's export projects, and direct him 
to on~ of two places: either to the fore' Jn trade assistant fer 
the subdivision which includes his branch, or else tc::> the 
General Direckorate in the event th2~ medium- or long-term 
financing is r~quired for exporting. 

BNP maintains centralized and .:i· . ..;entral ized sectors in France 
as well as an international ne-:: mrk covering the 74 countries 
in which BNP is represented .. Representation takes the form of 
representative offices, which are specially designed to assist 
suppliers and establish contacts with potential buyers; 
branches, which are more directly involved in actual banking; 
and subsidiaries, which acquire shareholding interests 
alongside those of BNP. 

BNP, like all the major nationalized banks, can grant export 
financing at stabilized rates for projects that have been 
approved by the export credits guarantee commission made up of 
the Directorate for External Relations (DRE) and COFACE. 
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I would now iike to give the rloor first to Mr Berge!"on. wh·.J 
wili explain the role of ~he geographic agent #i~hin the 
General Direc~orate at BN?. and then to Mr Bocquec. who ·..;u . .i. 
discuss the •.raricus rramework ~reements and protocols that can 
e~ist within a given zone. 

Mr Bergeron. BNP 

Geographic a~ents play an ~xecutive role. Each is res?onsioie 
for one geographical zone. There are currently five_geographic 
agents. one for the Maghreb, one for Asia/Oceania (Mr Bocquet), 
one for the Americas, one for Europe, and myself for Africa 
(excluding the Maghreb). 

The geographic agents are on the s~aff of the General 
Di :~·~tiJrate fin· rQreign Trade. which comprises two financing 
bodies (one in France and one abroad). The French body is 
:-eprese!1ted by French exporters and is supervised by executives 
from the professional sector. including Mr Charpentie~. The 
o~her body is represented by buyers and foreign importers and 
is S!..Ipervised by BNP geographic agents. -

The fir'st job of the geographic agent is to m~kc preiimi.nary 
contacts with the DRE. Lne Caisse Centrale de Cooperation 
Economique, embassies. and other organization3. He must also 
become familiar with his zone, a task which requires him to 
establish contacts with ministries, private sector companies, 
representatives of the Caisse Centrale de Cooperation 
Economique in each of the different countries, and the BNP 
network through its representative offices, correspondent 
banks. subsidiaries. and branches. 

Once contacts have been established, he must familiarize 
himself with projects, which can be renovation projects, 
private or public sector projects, or new projects. In some 
instances, he may be called upon to propose framework 
agreements to satisfy ne~ds for financing. 

·After that, his job is to write reports that will be widely 
circulated throughout the network. He must also try to match 
the desire of French companies to export with the financing 
needs of foreign importers. 
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Mr Bocquet, BNP 

F;::>r my zone. which is Asia/i:)ceania and the :.iiddie East. I 
like to discuss the types of f_nancing availabl~ for 
various projects. 

would 
your 

As ind.;.r::ated r .••• ..... ars111ere, ~here ~~ist government 
pro:.2cols iJ~t,.11een ;:;·r-~nC·-? atld a nt~mbr3r O= :t~;er 1~0t1:1r.::.· ies. 
These pr.::itoeols i::ivol•1e long-term credits (l:) years) at low 
interest rates. whid-i are granted by the French Tr-easury, and 
which are linked to purchase credits granted by French banks at 
interest rates approved by OECD consensus as applicable at the 
time of signature of the sales contract. 

The countries of the Asia zone with whir~h France has concluded 
protoc0ls are India, Indonesia. Malaysia, Pakistan. Sri Lanka, 
Thaiiand, Nepal. and B:3.n~ladesh. Vir~ually all of those 
protocols ffere negotiated in French francs. 

In order to t~ke ad·..rantag,:, of a prot:oGol. your project must 
have been presented to French goverr,:ne!!t. officials at a very 
early date. as well as to the loc~l government. with your 
·-~·..:stomer ac-cing as intermediary. A certain number of protocols 
are pre-allocated a~ the time they are signed, and a list of 
cl~arly specified projects is attached in appendix ~o ~he text 
of the protocol. 

However, in some countries, 
distinct tranches: 

these protocols included two 

one, which is known as the projec~ tranche, is pr~-allocated 
for specific projects (the minimum amount per project is 5 to 
10 million francs); 

th~ other, which is known as the non-project tranch, is 
usually set aside for financing sr::all capital goods, or even 
consumer goods; the minimum allocation is 80,000 FF per 
projer::~t. 

These protocols entitle you to rece1 
sales contract. 

100% financing for your 

Na'turally, when this type of protoco: is signed between the 
French government and the government another country, it is 
followed by a bank commitment agreeffi~nt, wh1ch is signed by 
most of the French commercial banks. Du~ to the fact that 
those banks cannot ~rant purchase credits f0~ periods exceeding 
7 years, the State-run Banque FranQai5e du C: :nmer~e Exterieur 



(BFCE; takes over for the last th~ee y~ars. 
granted for ten-year periods. 

As a general rule. financing is provided in 
However. negotiations are currently underway 
financing in other currencies also. 

as ~redits are 

French francs. 
to allow for 

In ad.ii ti.;in to government proto·~ols. commercial banks 
occasi0nally sign private framework agreements with local 
bar.ks. but only involving conventional purchase credits. That 
procedure is advantageous because the text of the credit 
agreement is negotiated once and for all. Thus, credits can be 
arranged more quickly. using credit reports. 

Lastly, ali French commercial banks are in a position to offer 
specific purchase credits for individual t~ansactions. 

3 - UNIDO'S TECHNICAL COOPERATION ACTIVITIES 

Mr Maung, Director of Industrial Development Service 
{Chemicals Industry), UNIDO 

Our basic technical ~ooperation program is centered around the 
project pre-investment phase, which extends only as far as the 
pilot plant stage. 

In order for an initial contact to be made, the government of a 
developing country must file a request with United Nations 
Development Program {UNDP) representative stationed in his 
country. This procedure con~erns requests for technical 
assistance: 

- requests for aid in the form of experts or short-term 
consultancy; 

requests for the provision of services by consultancy firms. 
whereby they would carry out feasibility studies; 

- the organization of training sessions. 

UNDP supplies most of the available funds (70%) as part of this 
technical assistance program. There is an allocation for each 
developing country, which the respective governments must 
distribute among their country's various projects. 

There is 
per year) 

a Fund 
the 

for Special Industrial Services {$85 million 
purpose of which is to finance short-term 
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activities (including consultancy and the solving of delicate 
problems). 

There are also financial assistance programs in the least 
developed ·~ountries. 

The United Nations Industrial Development Fund CUNIDF) receives 
!.5 million dollars annually from two types of contribution: 

- contributions from the governments of the industrialized. 
nations which are transferred to a common fund on which UNIDO 
draws to finance various projects according to carefully 
defined. procedures 

- contributions from donor 
finance specific projects 
country. 

countries that 
upon agreement 

can be used to 
from the donor 

ft stould a~so be pointed out that some countr~es seek their 
own financing. Syria, for exampl~. called upon the Islamic 
Development Bank. the Arab Fund, and the OPEC Fund to finance a 
project for composting municipal waste. The three institutions 
involved in tha project requested that UNiDO experts carry out 
consultancy missions. and their request was approved (the ba3ic 
study having received prior financing from UNIDO). At the 
present stage of the project, bids are being assessed. 

4 - SOURCES OF INFORMATION FOR PROJECT FINANCING 

Mr Peyrard. Chief Executive Officer. International 
Research Center for Investment Funding in the 
Developing Countries (IRCIF) 

Not being a banker, I am not a specialist in financial 
syndication, but rather in project financing in the developing 
countries, essentially involving hilateral and multilateral 
go•1ernmental organizations, some of which are referred to as 
a:i'l organizations. 

Two years ago, we authored a reference work which is now in its 
second printing. Translation for the r.:nglish-language version 
is nearing completion, and it should be released in the United 
States by next spring. The French title is "Banques et Fonds 
Internationaux··. 

We have been carrying out our information work by publishing 
articles almost monthly, usually in "Industries et Travaux, 
d'Outre-Mer", "MOCI" (the fortnightly review of the Centre, 
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Francais du Commerce Exterieur), and the well-known review 
"Banques". with which we have collaborated on other occasions. 

We hold training sessions, in Paris and selected African 
cities, particularly in conjunction with the Centre 
Internc1.Li.onal de Formation de l~ Profession Bancaire. We •Jffer 
corporate counselling, and we are creating a computerized 
database in conjunc~ion with the appropriate subsidiary of the 
Caisse des Depots. 

As we have the most comprehensive documentation on the subject, 
we are also preparing a guide to engineering firms that have 
been involved in projects partly financed by bilateral and 
multilateral organizations. 

Since 1982, it has become very rare for commercial banks alone 
to provide total financing for projects; while not impossible, 
it is simply difficult to arrange. Commercial banks request 
participation by one or more financing organizations (such as 
the World Bank, to take a well-known example). These bodies 
can participate in one of several ways. 

Taking the example which was processed by the Cair 
de Cooperation Economique and its subsidiaries, t 
ordinary and special loans. 

~ Centrale 
ffe exist 

- Ordinary loans are loans whose interest rates are roughly the 
same as those prevalent on the market. Ordinary loans ate 
used to finance profitable proje0ts. As they are repaid, the 
same funds are reloaned after a certain number of years. 
There is no shortage of these loans, despite ~he fact that 
needs are indeed very great. 

- Special loans are more closely related to grants. The amount 
of the grant can reach 80 to 90% of the loan, and 
occasionally even 100%. Special loans are granted for 
infrastructure or pro.iects that promi3e long-term 
profitability, and funds become scarce when only a small 
portion is repaid. 

In addition, these bodies can acquire shareholding interests in 
companies, local banks, or national development banks, they can 
finance technical assistance, and they can offer guarantees to 
certain borrowing countries. 

The purpose of some of these bodies is to promote economic 
co~peration among the Member States, as practised in Africa and 
Latin America. 
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Mcst of these bodies also grant loans to national development 
banks and national develcpment financing institutions. which in 
turn :'!.re responsible for lending the money to small and medium
sized compani~s within the country. Some of those lenders 
estabJ. ish loan prog!"ams. 

Most often. this involves joint financing, that 
acquisition 0f sharehoiding int2rests by several 
backers. There are two types of .joint financing: 

- common pool financing; 

is, the 
f inane ial 

- parallel financing (funding related to actual 
characteristics). 

There are many beneficiaries of this type ~f financing, 
including governmental organizations, public-sector companies, 
or in certain cases, pr:i. '::;ite-sector companies. 

The criteria used to grant financing are extremely varied, 
dep~nding on the origin of the funds. The World Bank has 
certain criteria, for example, France's Caisse Centrale has 
others. and the Islamic Development Bank has yet others. They 
can be geographic, historical, or otherwise related to actual 
projects. 

In addition. there are very strict procedures governing these 
types of joint financing, often involving international 
invitations to tender. 

Mr Peyrard ended his presentation with an 
illustration of joint financing: the 
Entreprise des Industries Chimiques du 
Senegal (ICS), which was inaugurated a few 
months ago. 

Total financing amounted to.over 75 billion 
CFA francs, divided into 40% equity capital 
and 60% loans from different financing 
bodies: the OPEC Fund, the Arab Bank for 
Economic Development in Africa, the 
European Investment Bank, and the European 
Develcpment Fund. 



Mr Dutreux, Foreign Trade Counsellor in France 

Manufacturers and sellers are just as motivated as foreign 
representatives when it comes to executing the pro.jects that 
have been presented to us. However, it is regrettable that 
information does not circulate better at that level. Sellers 
can rely on the CFCE ( Cent::-e Francais du Commerce E:ct.erieur} 
for a gen~ral idea of the ;:i.id that is av·ai labL~ (for e~ample, 
from COFACE or their own region). 

It should also be pointed out that by the time a protocol is 
signed, it has practically run out. Therefore, protocols must 
be drafted with French manufacturers or sellers as partners. on 
the one hand, as they are your best advocates in dealing with 
French financial organizations, and with the commercial attache 
of your embassy acting as intermediary, on the o~her hand. 

In order for a project to be included in a protocol, it must be 
profitable and have undergone in-depth study. This is often a 
ve::y long process (1 year), as investments are granted on the 
basis of a fourth, fifth. or sixth proposal, a 3ituation which 
causes problems for manufac-tu:-ers. However_. manufacturers may 
receive support from COFACE (in Lne form of prospecting 
insurance or project insurance). After that, they must 
surmount the obstacles posed by the export credits guarantee 
commissions (DRE, COFACE, or BFCE). 

The greater the detail used in presenting a project, the 
greater are its chances of being implemented, even in the case 
of non-budget or non-protocol projects. CFCE is available to 
help_you achieve that goal. 

5 - QUESTIONS FROM PARTICIPANTS 

Representative from Colombia 

Mr Peyrard neglected to mention that the operation in Senegal 
took place nearly ten years ago, because the idea was mooted in 
1974, and that all of this was launched only a month ago. 

Obviously, these are large-scale, long-term projects. However, 
in the situation in which the developing countries currently 
find themselves, for projects that last ten years, the people 
here will only hear about the implementation of projects 
pres~nted today in th~ year 2000. We feel that greater efforts 
should be made, especially by the banks. 



In an operation 0f tn1s type, the amount • ' .J 1.nVGLVEu. 

astonish~~g than the number ~r countries and bodies that have 
taken ~ar-t (World Ba~·.k. OPEC). despite which. it i.~a2 taken 10 
;;'ears tc r-eech the implementation stage. 

When pr~jects are smaller in scale, we ar-e simply told that the 
type af project is not worth the trouble. 

Mr Millimono, Representative of the Republic of 
Guinea, UNIDO Office, France 

I would like to point out a few small problems we have 
encountered. ;fo are often asked to submit good projects, that 
is, productive projects. profitable projects, projects that 
promote export.s and generate hard currency income, in order to 
~chieve return of investment within a reasonabie period of 
time. 

Howe·1er. in order to define a good project, proper financing is 
require.:: from the very 01;<:set. 

We have c:cn-r.acted a number .-,f Fr~nch industrial companies in 
order to work out a preliminary project which we could present 
to financing organizations. It goes without saying that on the 
basis of a preliminary project, it is difficult for a financing 
institution to come to a decision on whether or not to provide 
financing. In fact, financing is usually refus"ed. 

Next, we are asked to suggest reasonable projects, that is, 
medium-sized projects. When these pro.je~ts are defined, we are 
informed that their profitability is uncertain, t,hat the 
pro,ject is Si":lal l, and we run up again::>t financing problems. 

When we suggest large-scale projects. we a~e told that the 
local market is not very great, and that the sub-regional 
market is not big ~nough to absorb production. Here again, we 
come up against problems in obtaining financing. 

Our question, therefore, is "What are we supposed to do·?" 

Moreover, .1. 

our country, 
would like to know the practical steps to take if 
Guinea, haf:: si,irned credit agreements. 



Mrs Larsil iere answered the first q1.;estion 
put by Mr Millimono. indi:::::ating that apart 
fr::m the ci.if:ferent instruments mentioned. 
previously, which can be used to pre
finance studies, the Caisse Centrale has 
d~velopeC. a range of procedures that are in 
wide use and that are all linked to 
pr;::ducti ·Je projects as d·=ter:nint:d ~Y 
studies. For tne least deveioped 
countries, the Caisse Centrale may even 
agree to .::arry out its own study, providing 
f u 11 f inane ing. and passing it •.Jn to the 
country or company in question if the 
project is to be carried out. 

Mr Bocquet suggested tnat Mr Millimcno find 
a French bank that would be willing to sign 
a private framework agreement wito a 
Guinean bank. either through one of i:.s 
loc31 branches or through its head office. 



6 - COMPREHENSIVE TABLE OF BANKS. MULTILATERAL INTERNAtIONAL 
FUNDS. AND BILATERAL INTERNATJONAL FUNDS 

6.1 - International Organizations 

- World Bank Group 

International Bank f . .:,r Reconstruction and Development - I3:.D 
International Development Association - IDA 
International F~nance Corporation - IFC 

- United Nations 

United Nations Development Program - UNDP 
r;nited. Nations Industrial Development Organization - rmIDO 
International Fund for Agricultural Development - IFAD 
World Food Program - WFP 
United Nations Indust::-i3.l C·evelopment :t\~nri - r;NIDF 
Self-replenishing Fund of the United Nations 
United Natic•ns Conference nn Tr:."tde and .Development Fi..:nd -
iJNCTAD F'•Jnd 
InterP.aticnal Fund r0r Science and Education 
United Nations Capit::'d Dev·elopment Fund - UNCFiJ 

6.2 - Regional Organi~aLions 

Inter-American Development Bank - IDB 
African Development Bank - ADB 
African Development Fund - ADF 
International Finance Corporation for the Development of Africa 
- SIFIDA 
Asian Development Bank - ADB 
Asian Development Fund - ADF 
Private Investment Corporation for Asia - PICA 
European Investment Bank - EIB 
European Development Fund - EDF · 
OPEC Fund for International Development 
Arab Bank for Economic 0Bvelopment in Africa - ABEDA 
Arab Fund for Economic and Social Development - AFESD 
Islamic Development Bank - IsDB 
Arab Monetary Fund - AMF 
Arab Authority for Agricultural investment and Development -
AAA ID 
Interarab Corporation for Investment Guarantees 



6.3 - Sub-Regional Organizations 

- Africa 

West African DevP.lopment E~nk - WADB 
Devei•Jpment Bank of Central African States - BDEAC 
~ast Arri,~an Deveiopment 3ank - EADB 
~:1nci. fo~ (~•J:)perat i·~n.. t:~.Jmpens~:: i.:~n, and Dev;::- lcpment - 2~.:::D 
1ECUWAS) 
Community Development Fund - CDF tWAEC) 
Solidarity and Intervention Fund for Community Development -
FOSIDEC (WAEC) 
Mutual Aid and G1..1'.'.!r3.rltee Fund of the Consei I de l 'Entente 
Guarantee Fund of the Common African And Malagasy Organization 
- OCAM 
African Solidarity Fi.md - ASF (Franco-African Conference} 
Interstate Committee for Dro·..ight Centro 1 in the Sahe 1 - CILSS 
Club du Sahel COECD) 
Great Lakes States Developm~nt Bank - BDEGL 

- Latin America 

Central A:neriea.."1 Bank fer Economi•:: Integration - CABEI 
Andean Development Corpor:'1tion - ADC 
Cariobean Development Bank - CDB 

6.4 - Bilateral Organizations 

- Europe 

France: Caisse Centrale de Coop~ration Economique - CCCE 
Fonds d'Aide et de Coop~ration - FAC 
Belgium: Societe Belge d'Investissement International - SBI 
Britain: Commonw~alth Development Corporation - CDC 
West Germany: Deutsche Entwicklungsgesellschaft - DEG 
Deutsche Gesellschaft filr Technische Zusammenarbeit 
Gmbh - GTZ . 
Netherlands: Nederlandshe Financierings Maatschapij Voor Outwik 
Kelingslanden NV - FMO 
Sweden: Swedish International Development Au~hority - SIDA 
Norway: Norwegian Agency for International Development - NORAD 
Denmark: Danish International Development Agency - DANIDA 
Industrialization Fund for Underd~veloped countries - IFU 
Finland: Finnish International Development Agency - FINNIDA 
Finnish Fund for Development Aid - FINNFUN 
Switzerland: Direction de la Cooperat-ion au Developpement -
DCD/DDA 
Italy: Department for Cooper~tion an~ Development 



- North America 

United States: United States Agency for International 
Development - USAID 
Overseas Private Investment Corporation - OPIC 
Canada: Canadian International Development Agency - CiDA 

- Pacific 

Australia: Australian Development Assistance Bureau - ADAB 
Japan: Japanese International Cooperation Agency - JICA 
Japanese Overseas Development Corporation - JODC 
Overseas Economic Coope~ation Fund - OECF 
Export-Import Bank of Japan 
New Zealand: New Zealand Development Assistance Office 

- Middle Kast 

Kuwait: Kuwaiti Fund for Ar3b Economic Development -
Abu Dhabi: Abu Dhabi F•m•.! :•n· Ar::i.b Economic Development -
Saudi Arabia: Saudi" DAvelopment !'i:nd - SFD 
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CONCLUSION 



ENERGY MANAGEMENT IN AGRO-FOOD INDUSTRIES 

Summary report of speech delivered by Mr Martelly, Agence 
Frani;aise pour la Maitrise de l' Energie t AFME) 

1 - ENERGY: A CHALLENGE TO AGRO-FOOD INDUSTRIES 

In France, energy consumpt.icm related t.::i ag~;:i-i>J•::id indu;:;tries 
i::; approximately 5 million tons of oil equivalent (TOEi. which 
represents around 0. 1 TOE per inhabitant, excluding ener,~y 
expenditure in agriculture itself. 

Energy expend.i ture •.raries enormo1..1s ly from induS!try to ind.u3tL"y 
with in the agrc--iood. sector, but •::an represent up to 401;; •:Jf 
production costs. 

Wide coverage has been given over the c.:ourse of this week to 
examples of food industries where available by-products can be 
utilized to produce energy and thereby meet the energy 
requirements of those industries. 

The 2onclusion might be drawn that the need to save energy 
disappears as soon as low-cost, renewable, alternative energy 
sources become available. This is f~r from the truth. Energy 
savings and alternative energy sources are not mutually 
exclusive. They are complementary. 

2 - DIFFERENT LEVELS OF ENERGY SAVINGS 

Very considerable energy savings are technically possible in 
almost all fields. 

Dehydration, for example, which is known to be a very ccstl;.' 
operation. can be carried out with negligible energy 
consumption by condensing water vapor in the final stages of 
the process and utilizing a multiple-effect evaporator. In 
theory, there is no maximum possible number of effects, but 
clearly investment costs very quickly become a limiting factor. 

Managers of a given company must thus decide upon a level of 
investment in the light of profitability criteria that are 
specific to that company, after having taken all possible 
action (involving no investment or investments that are paid 
back quickly) to bring about reductions in energy consumption 
(reduced .,,estage, installation of automatic regulation systems, 
lagging, etc. ) . 
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Investments involving modifications of the manufacturing 
process or of the energy flow of the factory can be made at 
various different levels of energy management. 

3 - RECOVERY OF HASTE HEAT 

All industrial activities produce hot effluent in gaseous or 
liquid form, from which large quantities of heat can be 
recovered, either directly or using heat exchangers. 

Recovery of hot air 

Energy can be recovered from an industrial drying unit, for 
example, in several different ways: 

by limiting excess air up to stoechiometric proportions; 

- by recyi::::ling hot air from the outlet; 

- by heating the product to be dried; 

- by condensing the water vapor released by the product. 

Recovery of hot water 

In dairy production, for example, hot water requirements are 
very numerous, and recoverable hot water is abundant. However, 
needs and resource availability do not always occur 
simultaneously. Correct management of this hot water, with 
intermediate storage at different temperature levels, can make 
it possible to fully satisfy the energy requirements of a 
cheese production· facility. 

4 - ENERGY RECOVERY USING A HEAT POMP 

The temperature of a waste product can be raised to the 
required level by using a heat pump. In canning plants, 
sterilizers supply water at 60°C, while liquor tanks require 
water at 90°C. The water at 60°C is fed via a system of heat 
exchangers to a boiler, and releases heat to the evaporator of 
a heat pump, which is then used to heat the liquor to 90°C, 
with energy savings of 50%. 
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5 - MECHANICAL RECOMPRESSION OF STEAM 

Mechanical recompression of steam is a similar system to that 
or· a heat pump operating on an open cycle: instead or uti.i i:::ing 
a coolant that is alternately condensed and evaporated in a 
closed system. the process steam itself serves as the ·.:-onvector 
:fhlid. •:)nee its temperature has been increased by compression. 
This steam releases heat when it condenses, and ::b.e ,_:-i:mdens.s.te 
is removed. 

Mechanical recompression 
of transferring heat to 
distilling that liquid. 
factor of 10. 

of steam is a highly ~r'ficient me&ns 
a iiq1.iid. or of concentrating or 
Energy consumption is reduced by a 

6 - MECHANICAL PRESSING AND INVERSE OSMOSIS 

Another method of removing water ~rom a product is through a 
direct mechanical process: pressing. when applied to a solid, 
or inverse •)smosis when applied to a liqui.d.. 

7 - CONCLUSION 

Energy saving processes basically involve: 

- the systematic re-utilization of h~at produced (the notion of 
energy cascading); 

- the efficient use of electricity as an alternative to heat 
energy derived from fossil fuels. 

These processes have already aroused the interest of French 
industries in the agro-food sector, as is demonstrated by an 
average reduction in energy consumption of 20% (for equivalent 
levels of production) since tne beginning of the energy crisis. 
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CLOSING SESSION OF THE CONSULTATIVE COMMITTEE 

Summary report of speeches 

Mr Maung. UNIDO (Vienne), Chairman of Session 

It is clear that the objective that we should be trying to 
attain is to move from the identificatii:m of needs t.=- th~ 
design of projects. the preparation of investment propositions. 
and finally to the implementation of these pro.jects. 

The objective is clear. How can it be reached~ 

Mr Soeriaatmadja (Indonesia) 

I suggest that the proceedings of this meeting of the 
Consultative Committee be recorded in a detailed summary 
report. This task could be accomplished by UNIDO. 

As interested 
follow-up in 
industry and 
tapioca. 

parties, we should develop our own individual 
conjunction with our colleagues from French 

with the institutions involved in research into 

With a view to sharing the experience that we will gain during 
the follow-up to this meeting, I sincerely wish a ~econd 
meeting of the Consultative Co!DIDittee to be held quickly. 

Mr Rivet (Mauritius) 

The preparation of a summary report of all the speeches and 
addresses made during this meeting is of vital importance in 
the transmission of information. 

Before leaving this meeting, we should know what follow-up 
· action UNIDO and the o~ganizers are to take, so that we are in 

a position to relay this information to our governments, since 
each and every one of us will be called upon to make a report 
as to the appropriateness of our speeches. 

Mr Maherzi (Tunisia) 

If a second meeting of the same type is to be 
near future, it would be of interest to 
importance to existing techniques, research 
current operations involving the production of 

organized in the 
attach greater 
initiative and 

biogas. 



Mrs Suvachittanont (Thailand) 

In my opinion a iuture meeting should allocate more time to the 
presentation of cJur prc:.jects ( 30 mir.1utes or even ·=·ne t-10•..ir; so 
that more attention can be paid to technical aspects. 

Mr Trepp (Bolivia) 

It seems that this 
consultation towards 
not towards the 
represented here. 

Consultative Ccmmittee has directed its 
the technologies offered by France, and 

interests of the different countries 

Clearly, a project that is at the stage of a feasibility study 
cannot be presented in fifteen minutes. 

Mr Zabi (Morocco) 

I should like to ~hank the organizers of this seminar for the 
opportuni-ty 1=hey . have provided for us to present each of our 
projects, our problems. and the means of solving them. 

It must be said tr1at ideas a.re legion. but that we ar-= f ::i.:~ed 
with difficulties in putting these ideas into practice, through 
lack of financing. I wculd thus stress the importance for 
financing institutions and international organizations to help 
us to develop our standa~d of living. 

For a future meeting of the same kind, I would suggest Water as 
a suitable theme, since agriculture depends on it, and several 
countries are currently su~f ering from drought. 

Mr Shah (Pakistan) 

I suggest that an exhaustive document be drawn up listing the 
names and addresses of the different participants. 

Representative from Cameroon 

I should like to draw the attention of UNIDO and of 
industrialists to the obstacles to development and the optimum 
utilization of new technologies with which we are faced. This 
is true in all sectors of the economy. 

In the North of Cameroon, for example, cattle breeding 
activities make it possible to feed the country's 10 million 
inhabitants. Drought is advancing throughout this region, and 
the cattle population is short of food. Meanwhile in the South 
of the country, waste from sugar production and from cotton and 
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coffee plantations is going to waste, when it should be 
utilized to manufa~ture cattle feed. 

It is important to know what we want before we can hope to put 
into practice the means that exist to obtain it. The most 
important help we can receive is in organizing ourselves. 

Mr Camara (Guinea) 

I am particularly satisfied with this meeting, 
allowed us, above all, to compare ourselves 
countries on the same path towards economic 
development. 

which has 
with other 
and social 

We would request the organizers of this meeting to act as 
swiftly as possible so that our projects might succeed. 

Representative from DUVANT CREPELLE 

Unlike certain persons who have criticized this meeting for 
having too commercial a flavor, I should like to point out that 
no contracts have been signed, but that we came here with a 
view to opening discussions on contracts that we hope to 
conclude favorably in a relatively distant future. 

What was important from our p~int of view was to know whether 
the technologies that we have b~en developing provided suitable 
solutions to the different problems that exist. In this 
aspect, the meeting has been a complete success. 

Mr Miraud (Minstry of Foreign Affairs) 

I should first like to point out that our foremost objective, 
the setting up of contacts, seems to have been achieved. 

In addition to the North-South cooperation that was the real 
aim and object of the meeting, two things have happened that I 
personally did not explicitly expect to see: 

South-South cooperation, in response to the realization by 
participating developing countries that complementarity 
exists between them, that they have shared fields of 
interest, and that exchanges of information -- and even of 
techniques -- can be made between them. 

- North-North cooperation, with industries whose roles and 
activities are complementary meeting each other and 
co~rdin~ting themselves better to meet the needs that have 
been indicated by our friends from abroad. 



The meeting 
participants 
reached abou-c 
particip:=rnts 
restrict the 
spe::i.k at the 

233 

was originally in-cended for about twenty 
from developing countries, but we eventually 
thirty-five. ~e are very pleased that so many 

have oeen here, but it was of course necessary to 
length of speeches to give everybody the chance to 
same time. 

ik.r-etr1eless. I think the t i:ne al lotted for the presentation ._,.._ 
technical possibilities by industries was even more restriced. 
In this respect, there are no grounds for speaking of 
imbalance. 

While it is true that swift action is essential, it is also 
important -co realize that the ke . .l to any preferential action 
leading to development is not in t~e hands of the organizers, 
but in the hands of the participants from developing countries 
in con.juction with their technical and financial partners. 

Furthermore, we are very favorably disposed to attempting 
anoti1er ev~nt rif this type. but it is impossible today to say 
~here, when, or with what financing. 

Mr Maung (UNIDO, Vienne) 

Conta.::!t has been made, and we are very happy to see overall the 
satisfaction of the many parties involved. 

It will be to the advantage of each and every one of the French 
industries that have developed new technologies for the 
production of energy from biomass to use UNIDO's vast network 
co transmit information from the developed countries ~o the 
developing world. 

We should like many French companies and specialists to be 
enrolled at UNIDO for the supply of services and equipment, to 
make it possible for specialists to supply services in as short 
a time as possible. 

Mr Meyour (ACTIM) 

The ACTIM can continue the cooperation that has begun here in 
two ways: 

It can take action prior to negotiations, by organizing and 
participating financially in consultation, whether it be in 
identification at the request of companies or preparation and 
feasibility at the different stages of assessment of 
projects. 
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It ean tak~ action after negotiations, by organizing courses 
in French companies for nationals of developing countries. 

Mention must also be made of the assistance that our Agency can 
provide by maintaining relationships after the operation by 
forw~rding all kinds of technical documentation. 

Mr Jeanroy (UNIDO, Paris) 

While certain participants have found the agenda of these last 
few days too dense; it has n=inetheless been possible, given the 
quality of the speeches delivered both by the many 
representatives of developing countries and by companies, to 
paint aa complete a pi•::ture as possibl..._. 1::if the pr1::oblema 
encountered and of potential solutions to those problems. 

Emphasis should alsc be laid on the importance of the follow-up 
to this meeting, which cannot be carried out without the active 
participation of the representatives of developing countries 
and of industries present here, in completing the questionnaire 
that will be forwarded to them. · 

We would very much like other meetings of this type to be 
organized in other: sectors of activity, such as fisheries and 
mining engineering, which are of particular relevance to this 
region of France. 

Mr Josepbe (Nord-Pas-de-Calais Regional Council) 

The subject that has been discussed this week is of capital 
importance for life throughout the world and for the survival 
of our planet. I would personally like to urge those around me 
to take steps to ensure that action is taken. This is a vital 
question for developing countries, but it is also vital for 
industrialized countries, and it is most probably essential to 
peace among the men and women of our world. 
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UNITED NATIONS 
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INTRODUCTION 

The Agence Francaise pour la Mattrise de l'Energie (AFME) has 
commissioned SEMA-ENERGIE to draw up an inventory of 
agricultural product processing waste with energy potential in 
the developing countries, and to analyze possible energy 
production methods. 

This document covers all the main tropical cash crop processing 
industries that produce waste of this kind, as well as 
livestock breeding and household waste from major cities; in 
each case it sets out: 

- types of waste produced, and the energy production processes 
according to current levels of development; 

- a flow chart of the process showing waste output at eech 
stage; 

the breakdown of potential world reserves in terms of the 
quantity of waste produced and its usable energy content; 

- other uses for the ~rod.uct which can compete with energy 
production. 

The processes considered here involve the main industrially 
processed tropical crops, since i~dustrial-scale processing 
ensures that waste is to some extent localized in one place. 
These are: 

- coffee 
- cacao 
- coconut 

oil palm 
- groundnut 

- cotton 
- cashew and shea nut 
- sugarcane 
- rice 
- grain maize 

For each crop an attempt has been made to identify the waste 
and by-products that are produced before the industrial 
processing stage, i.e., crop residues in the field or in the 
producing villages. 

The other two activities considered here also produce large 
quantities of biomass with energy potential. These are: 

- traditional or industrial cattle, pig and poultry production; 

household refuse production in large towns, with or without 
centralized collection. 
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1 - tlASTE MITH ENERGY POTENTIAL AND XNKRGY PRODUCTION METHODS 

For each type of waste that can be converted. into energy, 
applicable technologies are listed and their current level of 
development is indicated. 

Waste and by-product~ with energy potential can be classified 
in four different ways: 

- quantities produced, allowing for the fact that below a 
worldwide ye~rly production level of 500,000 tons there is 
little incentive for technological investment; 

- quantities available, allowing for the quantities already 
utilized at the present stage of development; 

type of availability (whether or not the waste is pre
collected): prior collection will often be a deciding factor 
in the profitability of industrial-scale energy production 
from a given type of waste; 

- opportunity cost, (or the utilization value of the by
product): if this is high, (for example with exported 
molasses from cane mills), it can have a detrimental effect 
on certain projects, while if it is low or negative (for 
example with noxious waste such as palm oil processing 
sludge) it can be a very favorable factor. 

It is especially useful to classify energy conversion processes 
according to: 

- level of development, which can be broadly assessed as 
follows: 

boiler burning: industrial stage, reliable, but specific 
problems of choice of feed method, depending on particle 
size and substrate handling; 

methanization: industrial stage, reliable for liquid 
substrates; development stage for solid substrates; 

gasification: industrial stage for wood and 
hulls, development stage for other 
particularly due to maintenance problems in 
countries. 

cottonseed 
substrates, 

dev13loping 

profitability of conversion, ,the current level of which can 
often be corralated with level, of development: 
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industrialized technology already in wide use: profitable 
process; 

. pilot industrial project stage: technological process bas 
been mastere-~ but economic profitability and maintenance 
procedures have not yet proven themselves on a commercial 
site; 

technology at laboratory stage: cost parameters have not 
been adequately defined. and there are no guaranteed 
development prospects. 

2 - ~ROCESS FI.Oii CHARTS 

The series of operations by which the harvested. crop is 
converted. into the finished. product, generally a food or drink 
product, varies widely across the world. 

We have restricted ourselves here to crops processed in the 
producer country, since the waste that interests us is that of 
the developing countries. Successive operations are shown in a 
simplified flow chart which takes into account: 

- the waste produced. throughout the post-harvest system, 
including that produced prior to processing: for example, 
crop residues such as straw, haulm and palm trunks are shown 
(even though such waste is generally scattered around fields, 
plantations and villages), since the energy potential in such 
waste can be enormous and utilized to very varying degrees. 

- the dichotcmy that exists, with many crops, between first
stage non-industrial processing, and more or less integrated 
industrial processing. While some crops, like groundnuts and 
coffee, are processed entirely at industrial level, others 
which partly serve as a food crop may be handled by the 
producers or by village craftworkers, either for the 
preparation stage (e.g., copra production, cacao bean 
drying), or for the entire processing operation (palm oil, 
shea butter, rice, maize). 

Certain factors, such as the varieties grown, the composition 
ot the harvested plant product and the processing operations, 
can vary significantly from one country or region to another. 
As far. as possible, however, to provide points of refence, two 
calculations have been made for each intermedi~te and final 
product and for the waste from e~ch processing operation. 
These calculations are: 
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yield in weight per 100 kg of the processing sequence product 
normally cited in production statistics; 

- moisture content expressed as 
primary product (RH) or as the 
the primary product (DM). 

relative humidity of the 
proportion of dry matter in 

These ratios are given 
come from West Africa, 
de !'Entente countries. 

as guidelines; ·for the most part they 
and more particJlarly from the Conseil 

Lastly, the flow charts for waste 
production and large cities have 
differently: 

output from livestock 
been conceived rather 

the different types of waste generated by cattle, pig and 
poultry production are described qualitatively; 

. urban household refuse is described in terms of per capita 
output and composition, according to the level of development 
of the country concerned. 

3 - POTENTIAL WORLD RESERVES 

An attempt has been made to estimate, for the main developing 
producer countries, the potential energy reserves incorporated 
in waste from cash crop processing industries, livestock 
production and household refuse: 

The production statistics used are the FAQ ~tatistics for 
1982-1983 and, where there are considerable fluctuations, a 
round average for the last 5 known years is adopted. 

For crops like cacao, which is partly exported raw and partly 
processed in si~u, the quantity consumed by the exporting 
country's factories is indicated and used as a basis for 
estimating the industry's waste output. 

National production statistics generally only take into 
account the quantities sold commercially. In other words, 
this est~mate, except for livestock, takes no account of 
waste from farm consumption of food crops, which are also 
the most scattered and least easily usable types of waste 
(recycled as fertilizers). 

In the particular case of household refuse, the estimate is 
restricted to output f~om Third World cities with a 
population of over 1 million. 
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The waste produced, in tons, has then been calculated in 
terms of the ratio of waste to commercial product. This 
approximate ratio has been calculated in the same way for all 
countries, except in the case of household refuse. 

Estimates of potential energy reserves are based on the 
quantities of -waste produced and not the quantities actually 
available. In fact it is not yet possible to quantify the 
proportion of waste already utilized (a qualitative 
assessment is given in Table 1 for each product). On the 
other hand, such a quantitative assessment would in any case 
not take account of the conditions and cost of waste 
utilization, a factor which affects economic feasability. 

The estimate of 
technology under 
reserves linked 
industrial scale 
on: 

potential energy reserves is linked to the 
consideration. For each country, only those 
to conversion techniques feasible on an 
have been quantified. The estimate is based 

the net heat value of the waste (This is not generally 
known with any accuracy, since it is based on too small a 
corpus of analyticai data, and the data itself is too 
variable); 

t~e energy conversion efficiency actually observed during 
normal operation. 

Output estimates have been based on an average figure for 
combustion (6(-65%), and a conservative figure for 
gasification (0.20 kWh/th of heat value) and methanization. 

Estimated energy reserves must be understood: 

as usable energy, i.e., final energy output allowing for 
whether it is used for heat or electricity, and taking 
conversion efficiency into account, 

as potential energy from all the waste produced, not merely 
the waste available actually through given current uses and 
utilization conditions, 

as having a high level of uncertainty (estimated at 30 -
40%), due to the quality of the statistics and the lack of 
precision in the ratios used. 
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4 - COMPETING USES 

Energy production from 
agricultural processing 
considered in comparison 

biomass in general, and from 
waste in particular, has to be 

with other types of potential uses for 
these materials: 

- animal feed, wherever waste with high protein content can 
find a market near the place of production (e.g., molasses 
from sugarcane mills); 

- soil improvement and manuring, wherever there are significant 
amounts of N, P or K. either by direct application or after 
burning or composting; 

- miscellaneous uses: paper and board, tr3ditional building 
materials, industrial raw material, etc. 

These competing us~s must be examined in terms of: 

- cost breakdown: processing and packaging costs involved 
in each utilization system, cost pri~e of the product 
replaced, gains in terms of local added value and foreign 
currency earnings; 

- accessible markets: volume of existing demand close 
enough to the point of waste prod··ction for the processed 
waste to be of economic interest to users or the 
community. 

An analysis of projects has been made in order to shed light on 
the comparative value of these different uses. This analysis 
has shown that: 

in economic terms, projects are highly sensitive to 
transportation costs, and therefore tend to favor short-range 
collection, whatever use is to be made of the waste: 

- in market terms, the slow development of industrial livestock 
production in developing countries and the under-use of 
organic fertililizers at this time favor the use of waste for 
the production of energy. 



hl 

kcal 

kWh 

RH 

DM 

t 

th 

TOE 

UNITS OF MEASUREMENT AND ABBREVIATIONS 

hectoliter <l hl = 0.1 m3 ) 

kilocalorie <1 kcal = 10-3 th = io-7 TOE = 4185 J 
= 3.97 BTU> 

kilowatt hour (1 kWh = 0.96 103 kcal = 0.86 th = 3.6 
106 J <physical equivalence> 

relative humidity <as percentage of raw material by 
weight) 

dry matter <as percentage of raw material by weight> 

ton <metric> 

thermie <heat energy needed to r3ise 1 metric ton of 
water from 14.5°C to 15.5°C at a constant pressure of 
1 standard atmosphere} 

ton oil equivalent €1 TOE = 1 TEP = 7.33 BOE = 
107 kcal = 104 th= 4.19 1010 J> = 4 107 BTU 
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POTENTIAL ENERGY RESERVES 
IN 11 CROP PROCESSING INDUSTRIES 



A - COFFEE 



I COfff E I 1, WASTE WITH ENERGY POTENTIAL 

WASTE AND BY-PRODUCTS Et£HGY PHOllUCf lllN fHOM WAS TE 
CPERATIONS 

Type Anr'l.lal world Currt1nt UBI! Technology Level or frenc:h fLrms or 
tonnage dev1tlopment orga111zat 101'6 involved 

WET KTtID wet pulp 1500 10; t none (no~ious waste) methanizat ion pl lot plant I .R.c.c. - VALOOGA 
PROCESS! l'(i 

dried parchment 200 10} t burnt tn ai mp le . boiler coutiustion induutr i al 
bo1 lera 

ORY HETHOO husks }500 10l t boi. ler c:o111bust1on p1 1 ot plant I.R.c.c. - PILLA~> 

PROCESSING {parchment 
+ dry pulp none catltiuation after pi lot plant AlRAl N 
+ skin) (m1ldly nuxi.oua) gri.ndi.ng .... 

ID 

cont>uet. ion in pl lot rlant SEtt-t It:: 
briquette form 

- - - - - -

gas i. f1c:at ion laborato1·y l .R.C.C, - Pll.1.AHD 

INSTANT COFFEE coffee grounds 40 to sor. burnt bo1 ler c0tltiust ion 1ndustr1 al ( 1) Boiler manu rectur11 ni 

MANUFACTURE (25" O.H.) 
gaa1 f1cat ion laboratory 

compost 
:nethanizat Lon laboratory 

A.f' .H.E. niJdel operation sheet 
( 1) a stea111 bo1 ler fuel led with coal and c:of fee grounds 



-'£"Cr:- 1 ~ ~cs :i "''.-~-•or 
;_...~~-r~~--~~1-·""'"'-• ~~Y--

:W<S '·CRY :u.? 
+ P!Qa+L'{T • ~INS) 

(47 <g) 
(8 :0 14\ ~) 

8RJ<EN tn=FEE tfAAS 
(O.J i<g) 

20 

.---JJFEE CERRIES ----. 

~TIFIWL (R'(PG 

CRY llfF£E ( 100 Kg) 
{l~~) 

SILO~ nEN 
PIO<INi ~!~ 

::.so itg) 
'.6CP:l ~l 

~EN CCFFEE (CD+ERC~ AAI CCFF£E) (52 kg) 

IC :u.? ( 78 leg) 

PMOffMT ( 10 kg) 

iRl<EN CI.ffEE 
!EMS (O.J kg) 



I CllffH I J. POfENfJAl WORLD RESERVES 

COKl:RCJAL RAW rorrn: IUSKS (dry method) WET PULP (wet ndhod) 
W\IN WORLD ----• 

19B2-19BJ estimated sve:-age reserve11 for i :eserves for average reserves for 
PlllOULfRS average product ton cont>ust ion gasification product ion mett1a11ual ton 

llrazil (A) I 1065 noo B7li 196 614 485 21.4 
ColollDia {A) B10 BOO 540 121 378 300 13.2 
Indonesia (R) J1B JOO 270 60 1B9 - -I Mexico :A) 252 250 169 }8 11B 94 4.1 

I Ivor) Coast {R) 2}4 250 225 so 15B - -
Ethiopia (A) 201 200 1'5 }0 95 75 3,} 

Uganda (R) 180 180 162 36 11' - -
Guat~mala (A) 148 150 101 23 71 56 2.S 
El Sai.vador (A) 144 150 101 23 71 56 2.s 
Ce>sta Rica (A) 1}8 110 74 17 52 41 1.8 
Ca~roon (R) 117 110 99 22 69 - -
India (A) 120 no BB 20 61 49 2.1 
All sbove count~1es )930 2840 6}5 1988 1160 51 

WORLD ( 19B2-BJ) 4870 }505 785 2455 1460 65 

I.NITS 10' t/year 10} t/year 10} t/year GWh/year 10' t/year 103 t/year 10' rut:/yeur 

EN[RG~ CONVERSION EfflCIENCY I 0.65 I O. 7kWh/kg I I 440 kcal 
-

H!:AT VALUE or Wt\STE 3440 kcal/kg 

WA.STE:COl+ERCIAL RAW OlfrEE RATIO 0,9 1, 5 

--~ 

~ 
NB: A = arabica, R = rabusta. lt is as•1umed that in each country, 75~ of arabica and 101?9 of robusta era processed using dry 

.11ethod, and 25~ of arabica using wet method, 

N 
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L COFFEE __ _____, 

beans 

COFFEE BERRY 

husKs (Jry m~tnod) 
parci1.nent ( 111et method) 

4. COMPETING USES 

Coffee 

Combustion 
(boiler or gas generator) 

. Particle board 
r 

, Fert i 1 i zer 
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S. CROSS SECTION OF COFFEE BERRY 

Bot;:inists' Technical 
1I1omenc.la tu re nomenclature 

Exocarp Red skin 

1 
Pulp 

{ 
Part clinging 
to red skin 

~1esocarp 

Part clinging 
to silver skin Mucilage 

Endo carp . . ............... . . Parchment 
Spermoderm ................ . . Silver skir;i 

Clean or [ Endosperm 
commercial coffee ~ Embryo 

........ __./ .....,.. 
Berry 

From: Memento de l'ajoint technique des travaux ruraux 

French Ministry of Co-operation 
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B - CACAO 



I CACAO I 

CJ>ERATIONS 
Type 

COCOA BEAN PROCESSII'£ pod shells 

COCAO "'NUF'ACTURC bean hulls 

1. WASTE wirH ENERGY POTENTIAL 

WASTE ANO BY-PRODUCTS ENERGY PRODUCTION fROM WASr£ 

Annual world Current use Technology level 01 f'rench firms or 
tonnage de vol op me nt organizat1or1t1 involved 

combustion after laboratory 
9400 10' t • 80'9 she l ls not dryrnJ 

used {discarded 
in the fleld) gasif1cat1on after laboratory 

drying 
• potash fdrt 1hzer 

methanu at i.on laboratory 1.R.c.c. 

150 10' t mBlnl y burnt in boiler cornbust Lan industrial 801 ler ma11ufaclu1·1Hll 
(including factory 

66 10' t 
in LDCs) 

....... ....., 



. __ .:._::.:_:;J_~l 2- ::>!UESS ;:.·J.I :AA7 

J1Ijl. iJ(lJS \ 3JJ <g) 

~+~ 
~:ii 3E.lltS(3'.Xl <g) 

'.5?4 '.lli) 

CRIED !EAHS (CCH6C~ ~) 
{100 (g) 
(7' ~! 

28 

GU:'{)l!G 

::.ot'.STIC iDG.Wt'l~ 

) 

~ HJU5 (TESTA$} 
(~12 kg, lei"") 



I CACAO I ), POfENf IAL WOOLD RESt:HVES 

BEANS {COM1£RCIAL COCOA) BEAN tlJLLS 
Mi\IN WOOLD PRODUCT! llN 

PlllDUCERS total exports doroostlc net lonel co11t>uot1on 
product ion consumption product ion rl!tlarvaa 

Ivory Coast l90 200 190 19.0 4.6 
Brazil )00 no 170 17.0 4.1 
Ghana 220 200 20 2.0 o.s 
Nigeria 17U 140 )Q ),Q 0.7 
Cameroon 120 70 50 5.0 1.2 
Ecuador 85 21.l 65 6,S 1.6 
Mexico 40 - 40 4.0 1.0 
Colorina 40 5 )5 ),5 0.8 
Dom1n1can Republic )5 )0 5 o.s 0.1 
All above countries 1400 795 605 60,S 14.6 

WOOLD { 1982-81) 1560 900 6f'(J 66 16 

!NITS 10' t/yeer 10' t/year 10' t/yea1· 10' t/yaar 10' roc/ 
year 

ENERGY CONVERSION ErfICIENCV I 0,65 

t£AT YAU.I: Of WASTE l7UU kcal/kg 

WASTE:BEAN5 RATIO 0.10 

product ion 
(1.~ OM) 

OM : dry 
matter 

2340 
1800 
1320 
1020 

720 
510 
240 
240 
210 

8400 

9)60 

10l t/year 

I 

WEf PULP (wet 1Mt.hod) 

dryLn9 + dryrng + 
counuat ion g11111f1c11t1011 
rwerve11 r1111e rv1111 

91 281 
70 216 
52 151:1 
40 122 
28 86 
20 61 

9 29 
9 29 
8 25 

)28 1008 

)65 112} 

1 o-' rot:/ CWh/yeor 
year 

0.65 ,0.6CJ<Wh/kg OM 

lOUO kcal/kg OM 

N 
ID 
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CACAO 4. COMPETING USES 

beans 

I CACAO 1 .... Cocoa + Chocolate 
I 

, 

pod shells 

..... ,, Fertilizer 

bean hulls 

~ Combustion (boiler) ,, 

..... Fertilizer , 



C - COCOMUT 



l WCONUT I 1. WASTE WIJH ENERGY POJENJlAL 

~·· 
WASTE ANO BY-PRODUCTS 

CPERATIONS 
Annual world Curnmt use Technology 

tonnage 

COCONUT Pl ANT A TI ON palm trunks cons l derable ehredding and 
(rural sltuat ion) combustion 

MANUfACTURE or WPRA husks 10000 10:5 • in Asia, co.nbust ion in 

AND GRAT ED WCONUT (fiber, coir) fiber industry: 5°'9 briquette form 
• burning for fish-

drying or on domes- gasification 
tic ft res 

• potash fertilizer 

shells 3700 103 conaiderab le boil~r cont>ustion 
( domeal:\c fires + 
activated d1arcoal) geei f1cat ion 

carbomzat ion 

COCONUT OIL HILL process water none methamzat ion 
(noxious waste) 

COC.JNUT fIBER co1r dust none combustion in 
l~STRY briquette form 

A.f.H.E. lllOdel operation sheet 
~1} gas1f1cation of coconut husks: Bora-Bora, French Polynesia 

ENERGY PRODUCTION fKOM WASTE 

Level of french firms or 
development organuat 1or11 involvud 

village and CE £MA f - C, I> .f. -
laboratory C.T.f.r. - I.R.t:.o. 

industrial 

induetr t al ENrROPlE - Ct:A -
r-rototype ( 1) 

industr t al I Boller manufactur~ru 

induetrul ;o:MA r -CHE VEf -

prototype 1.R,H.O. 

induatr t al PILLARD - PICA 

laboratory 

lndustrtal 
prototype 

w 
w 



"--_noo __ .... _· _....LI :. ~:o:Ess =t.1).1 .:.AAT 

.------ '.Hl.E •:::xntJT ----
1 ( 5 .3 ~g. l.l <gtl'lJt) 

cliS<S ,F~EE~ • .DIR) f'-(---.----'~i-----r ,...------'----.---------" :z <g, l~ ~) li'WU\. Ft!D STi!IPPIIGI '£Owm:;4_ F!EER 
. _ _ _ S1RIPP[l'(i 

:::a:~~T ,.\ER 
,l q) 

YELLS 
(0.7 (g, 6-9' lt) 

KIL"i [R'(INi 

amo tfllF axnt.JTS 

~c ----1! ....._ ~u~ I 
v 

'.ET OJ>AA 
(2.1 kg, 5~ ~) 

KIL+~ 
...., 

[RY lPAA 
(l i<g, lil ~) 

~ 
cb 

f!EAT 
MILLll'G 

STERlLllATH)t 

[RY[Ni 

:caEENil'G 

ffiATED CIXDNJT 

I-~,~ 1-----------; 
a:o:wr OIL 

iil~S (FIEER, illlR) 

SlfLLS 

:ffi.L ~IS 

CATU CA<E 
PIOISS WITER 



j rocmm I J. POTENTIAL Wl'.lllO RES£HVES 

COPRA PRlDUCTlON SH[LLS 

HAIN WORLD 
1982 estimated averagti co1nbust ion gasi fleet ion 

PRODUCl:HS aver'lge . product 1011 reserves reserves 

Ph1hppines 2558 2200 1650 408 1254 

Indonesia 1389 1350 101) 250 770 

India J40 no 248 61 188 

Halays1a 200 200 150 )7 114 

Papua New Guinea 150 140 105 26 80 

Sri Lanka 140 130 90 24 74 

Mexico 120 120 90 22 68 

All <Dove countries 4470 JJ5J 8JO 2550 

WORLD {1982) 4950 3710 920 2820 

UNITS 103 t/year 103 t/year 10J t/year 10 3 t/year GWh/year 

ENERGY CONVERSION Ef"f"IClENCY I 0.65 I o. 76 kWh/kg 

1£Af VALUE Uf WASTE 3800 kcal/kg 

WASTE:COl+ERCIAL RATIO C:Of"f"EE 0,75 

ave1•11ge 

product ton 

4400 

2700 

660 
400 
280 

260 
240 

8940 

9900 

10' t/year 

f" 113EH AND CO IR 

combuat ion gas 1ficat1011 

ret1e rve11 reraervtis 

660 1760 

405 1080 

99 264 
60 160 
42 112 

J9 104 
J6 96 

1160 J5tl0 

1480 )960 

10 3 fOE/year GWh/year 

I 0,65 I 0.40 kWh/kg 

2000 kcal/kg 

2.00 

w 
01 
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COCONUT 

husks 

I COCONUT I 
I I 

I 

fiber 

dust 

shells 

I 
I 

copra 

oi 1 

cattle cake 

coconut water 

I 
I 

4. COMPETING USES 

-, 
' , 
' , 

' -, 

... 
' 

-<. 
. , 

-, 
~ 

-
' 

... , 
... , . 
/ 

Combustion or gasification 
Fish drying 
Fertilizer 

Matting, ._ •. "fing 

None 

Domestic stoves 
Boiler er ·iustion 
Activated charcoal 

Human nu tr it ion 

Coconut oi 1 

Animal feed 

Fertilizer 
Human nutrition 
Animal feed 



5. CROSS SECTION OF COCONUT 

Peduncle 

Pibrous mesocarp __ ~ 
(husk, coir) 

Oil-bearing kernel-......, __ 
(meat) giving copra 

Endocarp (she 11) 

Coconut milk 
or coconut water 
(when mature) 

~--Epiderm 

(outer rind) 

Embryo 

From: Memento de l'agronome, French Ministry of Co-operation 
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D - OIL PALM . 



l_ OIL PALM 1. WASTE WITH ENERGY POTENTIAL 

WASTE AND BY-PRODUCTS ENERGY PRODUCTION fROM WASTE 
IPERATlONS 

Type Annual warl d Curr1mt use Technology Level or fre1~h firms or 
tonnage developme11t organizat iona involved 

PALM PlANTArIONS pal• trunlca httle USdd 1 carbonization pilot plant CEEMAT-1.R.H.O. 
rural ai tuatlon 
(parea1te prabldm) shredding pi lat plant 

combustion 

' 
PROCF.SSING or PALM bunch refuae 7 106 t inci neratian far c!lfl'buatian after laboratory I.R.H.O, 
FRUIT Bl.NCH (stalks) ash recovery drying 

(hu•idity 6m. 

pericarp fibers 6 106 t village or comb11:,tion 1ndu11trial Boi la r 1nanu ract.urers 
.p. 

(humidity 4m.) industrial scale 
burioing 9°" combustion in laboratory s£1tm: 

briquette form (good r~ults) 
,_ 

nut shells 2.s 106 t factory burmng combustion industrial Boiler 1n11nuracturars 

10 to '°" 
gasification laboutory I.R.H.O, - CEEMAf 

PALM OIL HILL process water 2S 106 m' none methani z ation industrial BIOMAGAZ 
(highly pollutant) 



.___o_n._M.M_~ Z. PRXISS R.QI Qt1{T 

PIOISSINi <PERATI<JCS 

IUC£S (ID kg) 

STBULllATI<JC 

SIRIPPINi 

RlllT 

EXIRICfl(JC 

VIRGIN Oll 

l 
!JUI on. 

9.lD:iE 1st CL4tlFIED Oll 

Ai 
~ QJRIFIED Oil 

IUllflCATIIJt 
IIHr!RA'Tl(Jt 

-i, 
FINISltD PM Oil 

(Zl-23 kg) 

42 

on. M.M rACE 

IRYINi 

FIID REK71i\. 

J1U1111AYE 

IRYirG 

IMIINi 

lm.L[Ni 

PJGilrG 

DISPATOt 

rwt..ES 
(~ZS kg) 
(~]{X If!) 

FllEtS 
(13-Z2 kg) 

(i&4S If!) 

FU£~ 
(2.5 kg) 

i----------;,) PM NJT 
9fl..LS 
(5-9 kg) 
(S If!) 

EXlRAcr[(Jt 

IW PM KEIHL 
Oll 

J, 
QJRIFICATICJt 

IUUFICATICJt 
llhYCPATICJt 

?M KEREL. OIL 
(2-3 kg) PIOISS 

....._-~----------~·--------------------~ ~T~ (2Dto501) 
(1 to 8' ll'I) 



L Oil PALM 3. POTENTIAL WOHlfJ RESCHVES 

OIL PROOUCJION Bl.NCH OIL PALM f lll:H 

tf'JN WOOLO PRODUCT ION 

PRODUCERS 1982 estimated estimated ave1·11qe coinbuat lon 
avera\)e avera~e product ion reaerve11 

Malaysia 1500 1500 17500 3500 568,8 
Indonesia 8!>0 800 400U 800 1J0,0 
Nigeria S40 soo 2SOO SilO 81.3 
Ivory Coal't 200 200 1000 200 '2,S 
Zaire 165 150 750 150 24.4 
China 115 100 soo 100 16. 'J 
Colont>i.a 9S 90 4SO 90 14.6 
All above countries SJ40 25700 5J40 868 

"11\LO (1982) 607S 30J7S 607S 987 

LNITS 10l t/year 10't/year 103 t/year 10J t/year 103TllE/year 

ENERGY CONVERSION EfflClt:NCY 0,65 

t£AT VALUE Of WASTE 2500 kca I /kg 

WASTE10IL RATli.l 1 

PALM l<EllNEI. SllU 1.S 

average combustion 
product ion reaerve11 

1400 J64,0 
:no 8.J. 2 
200 S2. 2 

fl() 20,B 
60 15.6 
40 10.4 
36 9.4 

2140 SSS 

2430 632 

10lt/year 10'rut:/yaar 

0,65 

4000 kcal/kg 

0,4 

--
PllOCt 55 51. IJl>Cl: 

-
svsr&\JH muthu111z11: 1011 

product ion rwll rv11.1 

-
8750 1J4.8 

2000 JO.fl 
1250 19. J 

500 7,7 
J75 5.e 
250 3.9 
225 3.5 

1)JSO 206 

·-
1S188 243 

103m'/yoar 103 fUt:/yuu1· 

1!140()()<1~H l /m} 

s lucJ1.1u 

2. srn'I t.oll 

"" w 



c OIL PJILM 4. OMUINl USES 

OIL Pft.M I 
I trunks 

., 
leaves . 

I -. ,. 

palm wine 

palm hecrts 
,, 
.... , 

oil It= . 

blrlch ref use 
, 

. , 
fiber + debris 

~ 
shells 

-
I 

., . 
slu~ (pollution)' . 

I -. 

Fertilizer 

Miscellarm..1s 
lhrestic fires 

ttrnan rutri t ion 

tunan rutri t ion 

ttman rutr it ion 

Potash fert i1 izer (ash) 

Bot ler carbust ion 

Cart>ustion in boiler or kC11, gasification, carbonization 
Fert i1 izer, road fi 11 on rural tra:ks 

Methanizat ion 
Ott-er pollution control techniques ( lag:>oning) 

~ 
~ 



5. CROSS SECTION OF PALM NUT 

Botanists' 
nom~nclature 

Mesocarp 
~---T 

Fibrous 
~-~- •Jascular 

bundle 

Endocarp 

Albumen 

Technical 
nomenclature 

Pulp 
[

Oil 

Water 

Sludge 

Fibres] Insol
uble 

Rind dry 
matter 

Shell } 
~fat 

Kerne!. 

1 Oil 
J cake 

From: Memento de l'ajoint technique des travaux r~raux 

French Minis~ry of Co-operation 



E - GROUNDNUT 



I L__ GROUNDNUT 1. WASTE WJIH ENEHGY POTENTIAL 

WASTE AND BY-PRODUCTS ENERGY PRODUCT [l)N FHOM WAS TE 
<J>ERATIONS 

Type Annual world Cur unt use Technology Level of French firms or 
tonnag8 devalop1nent organuat1ont1 lnvolved 

GRO~ONUT f'ARMlr-£ haul111 so 106 t entirely used in 
cattle feed 

-
St£Lllr-£ Pl.ANTS ahel la s 106 t little used in cambuet ion induet.ual Bai le r menu fact.1Jrd~ 
AND ahel ling plant a, 
OIL MILLS much used ln conoust ion in induotr i al SE!tt 11:'. ~ 

c0tnb1ned shel llng + briql.ll!t te form 
milling plants 
( coot>uation) gaai ficat ion laboratory 



I GIUJNCINUT I 2. PlllCESS rlOM OiART 

PROCESSING OPERATIOI\~ 

j rARH I --? 

.,l. 
MHOLE NUJ \100 kg) 

l I St£l~i... ~1~~~-~~~~~~ 

J 
KERNELS 

l 
j sKrnN1t11 -I > 

J, 

I HILLltli I 
J. 

PASTE 
-L 

l t£AJitli - HUMIOlfJCAJION I 
~ 

,-~-- PRESSltli I > 
J~ 

I MUCILAGE REt«:IVAL I 
J ... I ---~UTRALIZATION I 
J.. I DECOlORATlON - DEOOORIZATlON I 
l 

rJNISHEO GROUll>NUT OIL 

WASTE AND BY-PRODUCTS 

HA ULM 
(~00 ll :mo Kg, 8~ RH) 

SHELl.S (25 kg) 

BRAN 

CAf fl E t.'l(E 

U1 
0 
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GROUNDNUT J. POTENTIAL WORLD RESERVES 

PROourTION Of SHELLS 
HAU WORLO WHOLE NUTS 

PRODUCERS 1981 -1992 estiiaated average I combustion 
average production reserves 

India 7239 6000 1500 390 
China >216 3800 950 247 
Buriaa 3600 3000 750 195 
USA 1806 1600 400 104 
Indonesia 857 800 zoo 52 
Sudan 850 a:rn 208 54 
Senegal 790 700 175 ll6 
Nigeria 400 350 as 2J 
Zaire 295 JOO 75 20 
Brazil 290 300 75 zo 
Argentina 240 300 75 20 
All abov.: 
countries 18000 4500 1170 

WORLD 19591 20000 5000 1300 

UNirS 10 3 t/year 10 3 t/year 1 o3 t/yea.· 10' TOE/year 

ENERGY CONVERSION Eff ICIENCY I 0.65 

HEAr VALUE Of WASTE 4000 l<cal/kg 

WASTE:WHOLE NUTS RATIO 0.25 
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4. CXIHPETll'<li liSES 

haulra 

GRO~ll'4UT 11-------------~/ 
. "? 

ruts -, 
oil 

..... , 
bran + cattle cake 

,. 

st-ells 

Ani1118l feed 
Fert1hzer 

tlJman rutrition 

tlJman rutri t ion 

Animal feed 

Domestic fires 
Briquetting 
Direct use (boiler or gas generators) 



F - COTTON 



I al HON I 1. WASTE w1rH ENERGY POTENrlAL 

WASTE AND BY-PRODUCTS 
IJ>EHAT IONS 

Type Annual world Current use Technology 

tonnage 

GlNNil'E fiber dust and 1 106 t 4~ rHCove1·ed co111buat ion 
fine refustt for local craft-

making; 

6~ bur11ttd or 

not used 

PULVERIZlf'E seed hulls 7. 7 106 t widely used for combustion 
{oll .. ill) combustion 

gae i ficat ion 

A.F.M.f. model operat1on sheet 

{ 1) Coabushon of cottonseed hulls in an 01 l mill in Hali 

ENEHGY PRODUCT ION fHOM WAS TE 

LevAl of f re1~h fl r1n11 a r 

de v11 l opment orga11izat iona Lnvo Jved 

industi-i al Boiler inan.1facturel"ll 

induutrial {1) Boller ma.-..facturttni 

industrial DINANT, 

CRt::uSO r -LO 1R£ 
CJ1 
CJ1 



l COTTON I z. PROCESS rLow DiART 

PROCESSING OPERATIONS 

RAH COTTON {100 kg) 

I SEPARATION I 
~ 

I ORYlNC to 7~ I 
J~ 

I ClEANINC I 
_L, 

I SOR TI NC I 7 
~ 

CLEAN COTTON 
.L --

l _ ____JI -~1~~1NC i--1 --
j 

W1 111l". 51:'.ED (60 kg) 

J. 
LJtH {rlBER) {37 kg) 

J. 
,~-.. U.EANlt«: I IJ:r18RATION _b 

~ J, 
SEID (~5 kg) 

l 
-1 COtlXNSATION I 

J~ I ttJM101r1cATION j I ttJlllt«: ~ 
.J.,. J~ 

,----- PRf.SSI ti: - EXTRACT I ON ~ I PRE SSI ti: I 
J.. J, 

BALES II" COTTON rlBER COTTONSEED OIL (12 kg) 

WASTE AND BY-PRODUCTS 

WASTE ( S kg) 

SHCJH RESlOUAL rrnt:RS ( 5 kg) 

ttJLLS (1,' kg) 
( 6-lre Rtl) 

CATTLE CAKE (26 kg) 
( S-6~ RH) 

U1 en 
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corroN J. POTE~TIAL WORLD RESERVES 

COTTONSEED HULLS 
MAI'.'14 ifORLD PRODUCT ION 

PRODUCERS 1980-1981 estimated average co•bust iori I gas i ft-
average product ion reserves cation 

reserves 

China 5414 5500 1650 418 1287 
USSR 5082 5000 1500 380 1170 
USA 4056 4500 1350 342 1053 
India 2700 2700 810 205 632 
Pakistan 1422 1500 450 114 )51 
Buzil 1057 1100 JJO 84 257 
Egypt 896 800 240 61 187 
Turkey 758 800 240 61 187 
Mexico 570 550 16 5 42 129 
Argent iria 315 JOO 90 23 70 
Sudan 264 250 75 19 59 
All above 23000 6900 1750 5380 
countries 

WORLD { 1980-81) 25642 7700 1950 6000 

UNITS rn::lt/year 10 3 t/year 103 t/year 1 o'roE!year GWh/year 

ENERGY CONVERSION EffICif~CY I 0.65 I0.78kWh/kg 

HEAT VALUE Of WASTE 3900 kcal/kg 

WASTE:COTTONSEEO RATIO O.J 



I 00~ I 4. CXWETI~ USES 

ginning waste 
' Roofing 
t' 

~ mnrn seed cdttle cake 
hlimal fes:I 

!oi 1 
? 

' !Uran + animal rutr i t ion 
L..; Ctenicals 

hulls . Indus tr i al catbus t ion ., 
(JI 
CID 

linter 
- r.e llu lose, exp los 1 ves, felt 
7 

i 

fibers coarse cot ton I 

... Coarse cloth n1 canvas, cotton \\001 , 
-

- - - - spinning cotton I 7 

~ Industrial cloth 
~ 

I 
... 

fine cctton 
~ Clothing fabrics , 



5. THE THREE MAIN CONSTITUEi.'frS OF COTTONSEED 

Seed 

Long fibres 
(lint} 

Ginning ---- .._ __ __,......, 

From: Memento de l'ajoint des travaux ruraux 

French Ministry of Co-operation 

Fi~res 

ac----O seed 

- ~ Short residual 
fibres <fuzz or 
linters) 



G - CASHEW AND SHEA NUTS 



I CASttCW & SHEA l'f.JT I 1. WASTE WlTH EN[llGY POTENTIAL 

WASJE AND BY·PRODUCTS 
CPERATJONS 

Type Annual world Cur unt uH Technology 
tonnalJl! 

CASHEW l'f.JT 1.ND ahella }SQ 10' t little uoed COINlUBt ion 
C.N.S.L. (1977) 

PRODUCTION gain r1ration 

-
- SHEA BUTTER cattle cake so 10' t cone Lderllb le in coimuatiun 

PRODUCTION oil 111i l la 

l::NEHGY PKODUCTION fHOH WASH: 

Levo I or l f rench f1 rm11 or 
clevo 1 op1nent orga11izat iont1 involv.,d 

-
p1 lot plant. I ,R,f .A. 

laboratory 1.R.f .A. 

induutrul 

en w 



:;s.-0 j 2. ~SS :t..:li ~T 
I 

~rr ~IX>ltgJ 

r-------1 ~~((ft 
~ .lfPl.E (9D <9) 

- (~B~) l 
I 

1 

00£\i 'tJTS 

JlYIIG 

H.l.LLIG 

Clf,\11 Kf.1lJ'El.S ( 19-24 kg) 

<IXJCIIG 

SPl TI!'&'SP ICtrG 

PIU~KEMLS 

1 
EXPCRT 

amtINi 

*1;l5 

I l4IU.IIG 

EXlRM!ICft 

a..NUFICAT'I<1' 

FILTIWICft 

c .. .L. 
(Casn!w rut 51'1!1 I liquid) 

(12-15 (g) 

l 
[I0.5TR'f 

Sitl.L IEIUS 
{~JO kg) 

ltl.1.S 



c 9£A NJT j 2. PJUCISS fl()J OWU 

PRCXISSitG CPERATIOOS 

PERI CPRP FOO 
~ ttJTRIT 100 

t-V\t.Ufll PRESSlNl 

(13-15 kg) 

FRUIT 

SEPMATIOO 

NJTS 

CRlJ9:1JNl 

KERNELS ( 100 kg) 

MILLIN'.i 

lf:ATIN'.i 

Hl'IR4U.IC 
PRESSIN'.i 

(VILLAGE HOJSTRY) 

~ 

(35-40 kg) 

CDNTIN.DJS 
PRESSIN'.i 
~HOJSlRY) 

EXlRACTI~ BY 
sa.vmr 
~ 

(36-45 kg) 

I I I OIL CR BUTTER 

~ L 
t lJtVIN tt.JTH IT I 00 I NJJSTRY 

~STE 

9:1aLS 

rATn.E C/IKE 
(55 Kg) 

en 
1.11 
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CAS!iElf 3. POTE~TIAL WORLD RESERVES 

CASHEW NUT SHELL!> 
MAJ~ WORLD PRODUCTION 

PROD•JCERS 1983 production coebustion 
1983 reserves 

·-
India 200 130 25350 
Brazil 90 58.5 11400 
Moza•bique 70 45.5 8870 
Nigeria 36 23.4 4560 
Tanzania J5 22.8 4440 
Kenya 12 7.8 1520 
C1.:inea-S1ssau 4.5 2.9 570 
Pakistan 4 2.6 510 
Thai land 4 2.6 510 
All above 
countries 455.5 296.1 57730 

WORLD 467 304 59000 

UNITS 1000 t/year 1000 t,'year TOE/year 

ENERGY CONVERSlON EffICIENCY 

HEAr VALUE or WASTE 

WASTE:NUT RATIO 



4. CROSS SECTION AND CSES OF THE CASHEW 

Cashew apple 

Fdse Lit I 
(enlarged I 
fruit stalk) 
90% of total 
fruit weight 

Nut (true 
fruit) 
10% of total 
fruit weight 

Cashew nut 

.. 
. . , . . . .._ .. 

. , :--;··~~;;,_:::-/:.·. }_ :. 
;_ :· ... --~: . ., -~ .. , 

·. -:.:· ·· .. _ ... ~:~ .. 
. ;.; . -
:. ~ -~~~-~ .• r ..• 

·.:. -:~_: ~. : -~\:-=->·"· .. 
........ _.l'ao... ·-="';,{' .. • .. 

Shell with cavities 
holding cashew nut 
shell liquid (CNSL = 
20% total nut weight) 

10 to 12% (industrial 
yield) CNSL 

7% carbohydrates = alcohol 

Kernel 
20% of total nut weight 
48% lipids 
19.4% protides 
26% carbohydrates 

food 

industry 

From: Memento de l'agronome , Frenr.h Ministry cf Co-operation 



H - SUGARCANE 



I SUGARCANE I 1. WAST£ WUH ENEHGY POTENflAL 

WASTE ANO BY-PRODUCTS ENERGY PROOUCTlON fHOM WASTE 
CPERATIONS 

Type Am.,..al world Curunt use Technology 
tonnage 

su:::~RCANE CROP topa chiefly arurnal muthanizatlon 
nut r i. hon 

SUGAR tt\NUfACTURE bagas~ 240 106 t widely burm~d combustion and 
{CANE) (surplus: 0 -Jar.) briquetting coubua-

t ion 

gas i. ficat ion 

methanizati.on 

molasses }2 106 t chiefly animal fabricut ion 
nutr1 tion of rlthanol 

A.f.M.E. llOdel operation sheet 
( 1, r.o.bustion of bagasse in a power plant associated with a suyar product ion fac1hty (Reunion Island) 
(2) A1:to001110US sugarcane distillery producing hydrous alcohol-fuel (Brui l) 

Le vol of r nnch firms n r 
developnunl orgaruzations involvud 

laboratory 

industrial (1) CREUSOr LOIRE 
r lVES-L ILLE 

pi lot plant 

pilot plant 

induAt.riel (2) SPt:ICHIM 
SOOCCIA 

~ 
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~ 1 z. P!ULSS r1.CW QWff 

~CCESSI~ <FERATICN'i "'4STE ;..'{) SY-?RID.CTS 

Cil£ ·100 leg) 

PREP~TIOO ~ ~ (JJ kg, 8 If!) 

ard SH!EOOli'{i 

MILLlrG \£TTirG 
EXlRACTIOO 

OIRlY JJC! ( 100 l(g) ,_ 

Cl..AAIF ICATirn 
tEATirG 

. 9...001'. (25 kg) , 
9.l.F ITATlrn L(M[i'{i 

~ 
JJICE r kg) 

FILTRATIOO 7> g).J4 (3 to 5 kg) 

l 
Q£Ulcr :f ~'· B ~I 

CIHENTRATirn 

THI(]( JJICE(li% RH) 

OOILlrG 
MIXIl'G 

1 ffi 3 1\.RH1£ TRfATI£NTS 

l. 
~ITE 

J. 
(R'(Sf Plll1ATI04 :> r1l..ASSES ( 4 kg, 17-ZCI Rli) 

l r ~~ {llkg) OISTIUATI04 

r: ' 9...CP 

PlllHl. 



I SUGARCANE I 

I PRODUCT ION 
HAIN WORLD 

CANE SUGAR 
PlliDUCERS 

estimated est t1nat.ed 
average averaqe 

Brazil 140 a.a 
India 1JO s.s 
Cuba 65 6.S 
Mexico J2 2.s 
China JO 2.s 
Pakistan 28 0.8 
Colont>ia 25 1. 2 
Aust rah a 24 J.1 
Ptuhppines 21 2.J 
South Afr1c11 20 2.0 
Argentina 17 1.0 
lndonesu 17 1.4 
Thailand 20 1.6 
All above countries 570 40 

WORLD 800 90 

I.NITS 106 t/year 106 t/year 

ENERGY CONVERSION EFFICIENCY 

HEAT VALUE or WASTt: 

WASTE:CAN£ RA'llO 

J, POf£NflAL WORLD RESEHVES 

BA GASSE 

avera9e combustion 
product Lan rooerves 

42.0 ~>190 

J9,0 4820 
19,S 2410 
9.6 1190 
9,0 1110 
8.4 1040 
7.5 9JO 

7.2 890 
6 • ., 780 
6.0 740 

S.1 6JO 
5.1 6JO 
6,0 740 

170 21000 

240 JOOOO 

106 t/year 10J TOt:/year 

0,65 

1900 kcal/kg 

O,lO 

average 
product ion 

5600 
5200 
2600 

1280 
1200 
1120 
1000 

960 
840 
800 

600 
600 
800 

23000 

J2000 

10't/year 

MOl.ASSES 

ethanol ethanol 
reue rves rw1nveu 

15570 1557 
14460 1446 
7230 723 
J560 J56 
JJ40 JJ4 
,, 10 J11 
2780 278 
2670 267 
2340 2J4 
2220 220 
1890 189 
1890 189 
2220 222 

6JOOO 6300 

89000 8900 

10' hl/year 10' Tl>E/yeur 

2.71tll/t 0, 1 TOE/hl 
molasses 

Jt!OO kcal/k( fll~S) 

Q,04 

" w 



I ~ l 4. CXWETlKi U5ES 

tops 
9JGMCM 

bagasse 

SCllll 

~ 

nnlassec; 

Fert iiizer 
Mirnal feed 

Sugar 

Boiler r.aitustion (for prcx:ess, irrigation, 
nnlasses distillation, electricity for g-id supply) 

Briquette fuel 
Particle board, crates, paper pulp 

Fertilizer 

Stock fea1 ( loca 1 market) 
Alcdlo 1 manuf octure 
Yeasts 
Ctenicals 
Exported ~roces sed 

.. , 
"" 



1s I 
/ 1<,, 

5 • THE CONSTITUENTS OF SliGARCANE 

Cane 100 ) 

Bagasse or fibre 
30 to 50 

Juice 

Water 

Sucrose 

Impurities 

From: Memento de l'ajoint technique des travaux rurawc: 

French Ministry of Co-operation 



I - RICE 



RICI: 1, WAST£ WITH El£HGY POTENTIAL 

WASTE AND BY-PHODUCTS 
ll'ERATIONS 

Type Annual world 
tonnage 

HARVESTINI AND straw 620000 106 t 
T tfiE SH I NI 

DE ttJ SK I NI huaks 80000 106 t 
{rice •111) 

A.f.M.E. llOdel operation sheet 
\1) Oehydr1t1on of fodder w1th atraw-fired gl!nerator 
{2) SteBll production by cOlllbust1on of r1ce huaka 
\3) Rice huak gas generator {N1ger 1 Hali) 

Cui· unt use Technology 

, am mal felld .:~uallon 

, coretrucl ion -· metha1:1 zat Lon 

• nonl! combuat ion 
{bu rnrng) 

, bo1 ler collt:iuat ion cornbuat ion in 
in rice 1ni l la briquette rorm 
parboiling {Aa1a) 

gao1rication 

ENEHGY PttoDUCT ION fHOH WASTE 

Levol ur Furch rirmt1 l)r 
devolop1111tnt org1nu11tio1111 1nvolv"d 

induatr ul ( 1) 

lahnratory 

industrial (2) 

pi lat 1> lant 

induatrul ( ') PJLLAIID 

...., 
<O 



I • :r--,..,..~s ::- :\I ~T I -· "" -- ~- • 

r CDJC!Ni L NCI !IlfOATl(Jt 
I 

...;,, 
•SIDfofD RICE" "PN9l!LfD RICE" 

1' . 

" SV.'16 :25 ~) 

J, 

,-+:-, 

60 

-·~=-i.------------4) 
~ ·~~ "~1-------------4) 

'.tirrE RICI 

~~00 ) 

~ 
{ISO kq. l<X ill) 

ltSS (~Zl kg. l<X Ill) 
!IDlt RICI ERAt If.IL (1 kg) 

ERAt CR 'oHITE RlCI ERAt .U.. 
(6 kq) 

lllCkEN RICI 
(2 kg) 
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RICE J. POTENTIAL WORLD RESERVES 

PADDY PRODUCTION HUSKS 
MADI WORLD 

PRODUCERS 1981-1982 esti11ated average co•bust ton gasif1-
average production rese r-ves cat ion 

reserves 

China 140.0 140 28 .a 4906 16'52 
India 80.5 75 15.0 2628 8760 
Indonesia 32.8 JO 6.0 1051 3504 
Bangladesh 20.5 20 4.0 701 2336 
Thailand 18.8 18 ;.6 6J1 2102 
8ur11a 1J.6 1J 2.6 456 1518 
Japan 12.8 12 2.4 420 1402 
Vietnam 10.5 10 2.0 350 1168 
Brazil 9.5 9 1. 8 J15 10 51 
USA 8.J 7 1. 4 245 818 
Ph1. ltppines 7.J 7 , • 4 245 818 
Korea 7.0 7 1. 4 245 818 
All above 348 70 12200 40600 
countries 

WORLD ~1981-92) 412.5 83 14500 48200 

UNITS 106t/year 106 t/y:.ar 106 t/year 10JroE/yeu GWh/year-

ENERGY CONVERSCON EFFICCENCY I 60~ jo.58kWh/kg 

HEAT VALUE OF WASTE 2920 kcal/kg 

WASTE:PAODY RATCO 0.20 



I RICI I 4. CIMUHG lSES 

I Piro{ 1 
stra.1 

rice 

tl.Jsks 

bran ard brd<en rice 

. 
.... . . 
r' 

. 
~ 

~ . 
... ., 
~ 

( . 

... ,. . 

Fertilization (after crying ard tx.irning or cani:nsting) 
Om::s tic fires 
Corstruction (roofing, cob walls) 

1-lrnan rutr i t ion 

It> use 
lbrL~tic fires 
Rice mi 11 boilers or gas !:J!nerators 
Corstruction (briquette, particle panel) 

It> use 
Pllimal fea::.I 

QI) 
N 



5. CROSS SECTION OF RICE GRAIN 

Botanists' Technical 
nomenclature nomenclature 

Pa lea 

Lermna Husk 

Glume 

Embryo Germ } Rice 

Pericarp Bran meal 

Caryopsis Kernel { White 
rice 

From: Memento de l'ajoint technique des travaux ruraux 

French Ministry of Co-oper.ation 



J - GRAIN MAIZE 



I GRAIN ~llt: I 1. WAST!:: WITH £NEHGY POT£NT lAL 

WASTE AND BY-PRODUCTS 
Cl'(RATIONS 

Type Annual world Cur rent use Technology 
tonnage 

-HARYESJ stalks + loave11 1750 106 t aminal feed gain f1cat ion 

met.hanuat i.on 

T tfiE SH I ti: cob core 440 106 t animal feed and co11cuation 
counust1on 

methani.zat i.on 

ENEHGY PRODUCrI 1JN fHOH WAS TE 

Levol of f rench r irms n r 
develop11ent organizal: lOilt.I 111volvu1i 

laborato rr CEHAGREf 

laborato r1• 

Pl lot plait 

-~ lahor11tor)' CX> 

""" 



I M\ll.E ~IN ---J 2. PRXISS FLCM OiAAT 

W'\STE LOCAL FCXX> USE IMlJSTRIPL USE (!naa>ED CllNIRIES} W4.STE PHJ BY -PROOJCTS 

PlMTE ENTIERE 

STPLJ<S + LEAVES 
(400 kg, 15i ~) 

NAlUAAL CRY I tG 

CRY 008 (300 kg) 

GLlM:S, ew:rs ~ :we 

Pl() 1Rl""1ltGS (100 kg) I ll-RE9UtG BY ~D I 
CR Sit-RE TEOitnffiY 

OCO IXRES 
(100 kg, .1~ ~) 

KE!ffl.S (100 kg) 

- -

IMVEST STAI.KS PND LEAVE~ 

:i:: 
EAA or 008 l 

CRY HG 

GLUTEN 

CRY STAAOi MILLitG 

STMOi CEXTRINS 

I lmE9iltG J > 
-i;- -
~ KmRS I ' C£Rt6 

STEb'ltG CRYltG 

BRACTS, G.lMS, 
lRl""1ItGS, OB CXRES 

CICD-1ItG EXlRACTI~ ~ r.ATllE CAl<f 

fw'AIZ.E OIL CXRN OIL 
MILLltG + SEPMATI~.,__-------~ fw'AI ZE KER£l Fl llR 

STAROi 9...LRRY 

"]Gl.LOJSE PRXW!Cti I 1 
l 1 

G.UClliE SYRLPS IEXTIOSE lllf) ~TO-
(CXRN StRUP + llRIVATlVES} IIRIVATIVES IIXlRINS 

co co 



- ------

89 

I GRAIN MAIZE I J. POTE~TIAL WURLU RESERVES 

GRAIN ~AIZE COB CORES 
MAI~ WORLD PRODUCTION 

PROOU:ERS 1981-1982 est 1111ated average co111bust i.on 
average product i.on reserves 

USA 208 200 200 42000 
China 59 60 60 12600 
Brazil 2J 22 22 4620 
Mexico 12.5 10 10 2100 
RoP1an1a 10.5 10 10 2100 
Argentina 9.6 9 9 1890 
Yugosla·1ia 9.8 9 9 1890 
rrance 9.0 9 9 1890 
51uth Africa 8.4 8 8 1680 
HungaC'y 6. l:l 6 6 1260 I 
Ind i.<o 6.0 6 6 1260 
Indonesia 4.3 4 4 840 
All above 35J 35J 74000 
countries 

'lfORLO 4J7 4J7 92000 

UNITS 106t/year 106 t./year 106 t/year 1 oJroE/year 

ENERGY CONVERSION EffICIENCY ~ 0.60 

HEAT V'll UE Of" WASTE 3500 kcal/kg 

WASTE:GRAIN RATIO 1.00 

I 

I 

I 

I 

I I 

I I 
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GRAIN MAIZE 4. COMPETING USES 

stalks and leaves 
GRAIN MAIZE -, 

-,,,, 

tass le~ -~ 

cobs 

I : 
bracts, glumes, trimmings 

-
/ 

grains milling 
~ 

~ 

semolina production 
-
7 

starch and glucose production -7 

-
7 ... .. -
"' 

germs oil 
-
7 

cattle 
cake 

.... 
' corn 

gluten 
' , 

Fertiliser 
Animal feed 

Animal feed 

Chemical (~urfural) 
Papers, boards 
Domestic combustion 

Few uses 

Human nutrition 

Human nutrition 

Chemicals 
Papers, boards 
Animal feed 
Human nutrition 

Chemicals, human 
nutrition 

-An i ma 1 feed 

Human and animal feed 



5. MORPHOLOGY OF THE MAIZE EAR 

Bracts or 
spathes 

Ear or 
female flower 

Parallel-veined ---I'" 
sheath leaf 

From: Memento de !'adjoint technique des travaux ruraux 

French Ministry of Co-operation 
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I CAJTLE, PIG, POULTRY PllJOUCJlON I 1. WASJE WlJH £Nf.HGY POfENf lAL 

I WASfE AND BY-Pll>DUCTS 
TYPE Of 

LIVES JOCK Type Annual world CUrl't!llt UBI! Technology 
tonnage 

CATTLE eiccreta on land , rllt.urned dLrlll!t ly 
to SOL 1 

• collect ion for 
1. 2 109 l DH dornesl 1c conou1:1l 1on 

( drL<'!d in Ao1 a) 

indoor 1:1xcrllta on ( 10.109 t • apr1:1ad 011 f1<'!lde, cont inuo•JB 
h tter (farmyard at 12' DH) cornpooted or not methanuat ion 
manure + dung and worked in or 
hquor not 

• drying tllen domes-
deject a without t'ic COINlU!lt ion 
litter (slurry) (drLed in AaLa) 

cont inuoue 
methanizat1on 

PIGS excreta mainly 95 106 t DH • met.hamzatlon cont inuoua 
without h Lter (1600 106 t befor1:1 spr1:1ading methanu at ion 
(slurry) at 6' DH) (China) 

• epr1:1ad1ng 

POULTRY yard droppings )5 106 t DH • r11tu rned to soil cont inuoue 
methanizat Lon 

large scale facL· ( 140.106 t , marketed organic (mixture with 

I 
hties: droppings 25' DH) matter other substrates 
+ 11anure • 1aone favorable) 

~.~.M.E. lllOdel operation sheet 
\1)"Pig slurry •ethanization in Singapore ; (2) poultry droppings methanizat1on in Git1on 

ENE HGV PHUl>UCTl ON fROH WASH: 

Levul of f urch r1. rm11 o ~ 
devuloprnent organuat ior11 l1wolv11cf 

pi lot 1>la11t . I NDUfE t04A ·• VAL OHGA 

p1 lot plant S£rAL/lHCHA 
HE THN:CIJ • I rcF 

---·-
induetnel B lllHAGAl 

induetri al ( 1) BIOHAGAl ·L 'AIH 
L IQU l ll: • Ot:llHEHONJ 
BERTIN - SGN 

---
induatrial :z> VAL!JlGA 

Hll>A TRA 

tD 
U1 



I LIVESTOCK AWJCTIOO) 2. PIMSS FlCM CWIAT 

c.ATllE, 
PIGS 

POJLlRY 

STABLUG 
wmnrr LITTER 

CJIGES CR BATTERIES 
(LAYERS IN ItOJSTRIPL 

EOO AmJCTIOO) 

EXffiETA 

CRIN<I~ W'\TER S..LRRY 

FCXD REM\INS 

I EXffiETA I ~ oo>PI NiS J 
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CATTLE PRODUCT[ON '· POTE~TIAL WORLD R£SE~VES 

HEAD or SfiJCK EXCRETA 
HAIN lfO~LD ON THE HO Or {not including litter) 

PRODUCE~S 1983 methan1zat1on 
1983 product1on reserves 

India 182000 182 24900 
Brazil 9,000 9, 12700 
China 57450 57.5 7900 
Argentina 53670 5,.7 7400 
Bangladesh ,6000 ,6 4900 
Mexico n&10 n.9 4600 
Ethiopia 26,00 26. J }600 
Colo!llbia 24270 24., noo 
Sudan 19550 19.6 2700 
Turkey 17100 17. 1 2300 
Pak 1st an 16160 16. 2 2200 
Tanzania 13450 13.5 1800 
'Ill gen~ 12'00 12.3 1700 
All 3bove 585120 585.1 80100 
contr1es 

WORLD 1225380 1225 167800 

UNITS 1000 head 106 t DH/ 10' TOE/year 
year 

ENERGY CONVERSION EfflCIE~CY 

HEAT VALUE Of WASTE 

RATIO WASTE:STOCK 1 t dry matter/head/year 
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PIG PRODUCTION J. POTE~Tl~L WORLD RESERVES 

HEAD or STOCK EXCRETA 
HAIN ifORLO ON THE HO Or \not including litter) 

PRODUCE~S 198J methan1zat1on 
198J production reserves 

China J05580 628 5805 
Brazil JJ500 68.8 6J6 
Mexico 18900 J8. 8 J59 
Vietna• 10780 22.2 205 
India 8600 17. 7 16J 
Philippines 7980 16.4 152 
Thai land J8UO 7.8 72 
Argentina 1800 7.8 72 
Ecuador J600 7.4 68 
Indonesia J600 7.4 68 
Venezuela J200 6.6 61 
Bur .. a 2900 6 55 
All above 406240 9J5 7718 
countr~es 

WORLD 77 J600 1590 14697 

UNITS 1000 head 106 t OH/ 10l TOE/year 
year 

ENERGY CONVERS!ON ErFICIENCY 

HEAT VALUE or WASTE 

RATIO WASTE:STOCK 2 t/head/year\6~ OH) 
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POULTRY PROOUCTlaN 3. POTENT[AL WORLD RESERVES 

CHEPTEL STOCK EXCRETA 
!ltA[~ WORLD \layers + meat chickens) 

PRODUCERS 1983 methanizat ton 
1983 product ton reserves 

China 1144 5606 912 
Brazil 450 2205 J59 
Mexico 203 995 162 
Indonesia 170 en 135 
India 150 735 120 
Nigeria 150 735 120 
Malaysia 78 382 62 
Bangladesh 75 368 60 
Iran 74 363 59 
Pakistan 72 353 57 
Thailand 65 319 52 
Philippines 62 304 49 
Turl<ey 59 289 47 
All above 2752 13485 2193 
countries 

WORLD 7063 34610 5630 

UNlTS 106 head 103 t OM/ 103 TOE/year 
year 

ENERGY CONVERSION EffIClENCY 

HEAT VALUE Of WASTE 

RATIO WASTE:STOCK 4.9 kg OM/head/year 



I CATlLE, PIG, PCllLTRY PRDJCT-l~-, 4. llWETif'G L5ES 

LIVESTOO< ~TE 
(FYM, slurry, rn.iltry crq>pings) 

I 

-

~ 

) 

... , 

' 

" ... 
r 

~ 

' • 

Men.iring 

Perooic calll0stin9---) Mcruril'Y:) 

JV\aerooic fenrentat ion ~ MiJlJring 
~Ft.el 

Mcrkete:I organic 1natter 

Pllimal fee:i 

[)'ying--? ft.el 

Construct ion 

::;> Substrate (muslroons) 

.... 
0 
0 
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I URBAN WASTE I 1. WASTE WIIH ENEllGY POrENTIAL 

WASTE AND BY-PRODUCTS ENEHGV Ptmoucr ION rnoM WAS rE 
CFERATJONS 

Type Annual world Current USI! Technology Leval of Frerl:!h firm11 or 
tonnage devo l 11p1nent or9a11izat.1ona lnvolvuil 

CENTRALIZED raw refuse h tt l'! lJ!llld: gas recove1·y 1ndu11tnal GAZ DE fHANCt: 
COLLECTION or • coinpoat i.ng 5!'9 on landf111 
Hlll.ISELHCl.O WASTE • 1ncinerat ion 

• recychng --
(informal) inci.neratlon i.ndu11tnal (1) Menu fecturl!r 1 CN IM·Ct:c 

Oporetorr TltW 

--
met.hanizat ion pilot plant (4) VN.ORGA 

in:: mer at.ion/ pl lot plant VN.OHGA/T mu 
methan1zat1on (2) 
RDf (J)/metha1nzatinn pi lot 1>lant V N.ORGA/SIJUEA 

NON-CENTRAL I ZED raw ref use httle uood: 

COLLECT JON OR • recycling 
NO lDLLECTION or (informal) 
WASTE 

(1) If average lHV of raw waste is sufficiently high: noo kcal/kg (mini111um) (rarl! in lDGs) 
(2) After si11ple sorting, ferment able fraction methani.zed, most con'hustib le fraction i.ncine rated 
0) ROr \refuse deri.v"r! fuel) =storable fuel an bales or granules) obtained from moat corrt>ustible fractions of houadhold wa11h 
(4) Model ope rat ion sheet (AfHE): continuous methane product ion from houaehold waate in France 

.... 
0 w 
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OBBM WASTE: SOLID MSTK PRODOCTION FROM BOOSillOLDS 

1 0 o. 0 0 0 

LO ti 
I'RMME 

COUNTRIES 

Quantity of 
houset..old waste = 500 t/day 

Apparent density of 
household waste z 0.35 t/m3 

Waste products 
liable to be collected 
with household waste 

Drain 
effluent 

Animal waste 

Composition 
(%of raw weight): 

Paper~---~-----
Glass ____ ~-----
Metals~------'"---~ 
Plastics~------~ 
Textiles, leather, rubber 
Wood, bone, straw~~~~ 
Fermentable substances~ 
Miscellaneous fines~--

0-5% 
0-7% 
0-4% 
1-4% 
1-5% 
1-5% 

50-80% 
5-30% 

Moisture content------s40-70%( 1) 

Compostable or 
methanizable --------= 80% 
fraction (2) 

Highly combustible 
fraction (excluding ____ = 10% 
food waste) ( 3) 

C/N ratio --------- = 20 

LHV (kcal/kg)------= 900 

--
--

I N H A B 
l 

MIDDLE 
INCOME 

COUNTRIES 

600 t/day 

0.25 t/m3 

- Drain 
effluent 

15-25% 
1-5% 
1-5% 
4-5% 
3-7% 
1-5% 

40-60% 
10-20% 

35-60%(1) 

- 65% -
= 25% 

= 22 

= 1, 100 

I T A N T S 

INDUSTifiALIZED 
COUNTRIES 

:1,000 t/day 

- 0.12 t/m3 -
- Industrial 

and commercial 
pack.ages 

20-40% 
5-10% 
3-12% 
3-10% 

2-4% 
0-2% 

20-40% 
5-20% 

= 35% 

- 40% -
= 40% 

= 35 

= 1,700 

(1) Highly variable with climate; this parameter is poorly defined but 
has a major bearing on the quantities of waste per inhabitant and on 
energy yields. 
(2) Compostable or methanizable fraction: fermentable + part of the 
fines -- ratios not available calculated from expert data. 
(3) Combustible fraction CLHV (dry): 3,000 kcal/kg): paper, plastics, 
textiles, leather, rubber, bone, straw -- ratios not available 
calculated from expert data. 



I lllSAN WASTE I ). PnJENTIAL WORLD RESERVES 

CITIES or OVER I coteusTIBLE rHACTION fEllMENTABLf. FHACT ION 
MAIN WORLD 1,000,000 INHABITANTS. 

(1) 

PROOUO:RS nunber population product 1on coutluat i.on product ion methenizat i.on 
1984 1984 reserves 1984 reserves (reactor) 

China L 25 84.4 1540 200 12322 616 
India l 11 35.8 653 85 5226 261 
Brazil M 7 18. 7 I02J 1JJ 2667 1JJ 
MelCico M 4 16.9 925 120 1405 120 
South Korea M 4 16.1 881 114 2291 114 
Indonesia H 5 14.0 766 100 1992 100 
Egypt M ' 12.1 67J 87 1750 88 
Pakistan l 2 9,4 171 22 1372 69 
Thail11nd H 2 9.1 498 65 1295 65 
Ir,.- H ' 8.1 454 59 1181 59 

i.a H J 8.2 448 Sll 1166 58 
' M 1 6.4 JSO 45 910 45 
, .-.r.ey H 2 5,5 )01 )9 782 )9 
-\rg~ntina M ' 5.4 295 )8 768 38 
Bangladesh L 2 5,) 97 ,, 77J J9 
All above countries 77 255.8 9075 11798 36894 1845 

108 JOO 11000 14000 4JODO 2200 

lNITS 10J pet"SOllt'I 103 t/year 103ruE/ye111" 1"13 t/year 103 TOE/year 

======================~=-===-========-============ x :::::::::::: 

R 
=================== 

ENERGY CONVERSION Eff!CIENCY (2)- LIC 0.65 SOU kcal/kg 
HIC 0,65 500 kcal/kg 

K:AT VALUE Of WASTE (2) - LIC 2000 kcal/kg 850 kcal/kg 
HlC 2000 kcal/kg 850 kcal/kg 

US£fUL WASTE:RAW WASTE RATIO (2) - LIC 0.10 x· 0.00 ~ MIC 0.25 0.65 

(1) level of income: l = low; M =middle LIC = low-inc<1111e countries 
MIC = •1ddle-inc0111e countries (2) ratios not svailable1 figures calculated from speci,alist data 

RAW RI:}" us1: 

product ion gee rdCove1•y fran 
1964 land f111 rwe rvfl11 

15403 231 
6SH 98 
4095 61 
J701 56 
JS2S SJ 
)066 46 
2693 40 
171!i 26 
1992 )0 
1817 27 -1795 27 0 

U'I 
1401 21 
1204 18 
1182 18 

967 15 
51089 767 

60000 900 

103 t/year 103 TUE/year 

x ==~=========:::;::: 

150 kcal/kg 
1SU kcal/kg 

900 kcal/kg 
1100 kcal/kg 

1 >::::: 1 



[ LRWH~STE J 4. CXWETH6 USES 

'------non-central ize::I lardfi 11 Recovery on site 
col lect1on 

.___ ______ centralize::! controlled ~ Rec(}Jery on site 
collection lardfill 

Recovery of gas, tren stean, 
electricity. fi.el 

L.-.--- irx:lustri al irocessing 

carµ>sting ~ organic 

incinerator~ electricity, steilll 

sort ing/metha--7 electricity. stei1111 fi.e 1 • 
nization organic soil irff)"(}Jers 

sort ing/metha~ electricity, stean1 fi.el, 
nizat ion organic soil irrp"overs 
inc'ieration 

-0 
Ui 
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ENERGY PRODUCTION 
FROM BIOMASS 

·-- . ~ ''~-
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PHILIPPINES: WOOD-FIRED POWER STATION 

.•. fl •. 
:.o:. -~-·. 

User: N.E.A. (National Electricity Authority of the Philippines) 

Supplier: Al sthom-Atlant iquc R<1tc<1u 
141 , rue Ra teau 
93123 LA COURNEUVE 
France 

tel. (I) 838.9?.89 



In the wake of soaring oil prices, the 
Government of the Philippines laid down 
an electrification program designed to r.1ise 
the country's total output to 498 MW. in
cluding 200 MW generated by wood-fired 
power stations. The Dendrothermal Program 
launched in 1979 by the National Electrifica
tion Authority (NEA), is designed to bring 
electricity to rural areas and involves the 
installation of 63 wood-fired power stations 
with a unit capacity of between 1 and 5 
MW. These units are to be installed over 
the period from 1982 to 1990 and should 
enable the country to save 70 million dollars 
per year in petroleum product imports, 
for a total investment of 200 million dollars. 

Problems of transportation intrinsic to 
the country's geography (7 ,OOIJ islands scat
tered over a distance of 1,500 km) and 
the rich potential of the archipelago's forest 
reserves make the decision to install a large 
number of small-scale wood-fired power 
stations a legitimate and :i. tional step. 
The first of ·he wood-fired units (capacity: 
3. 'i MW) was put into service at Bolinao 
(on Luzon island) m 1983 and is currently 
generating 15 million k\\ h annually. 

the challenge 

The Bolinao power station is located 
near a 1,100 hectare ipilipil plantation which 
is exploited and renewed on four-course 
rotation. The plantation produces 4 I ,000 
tonnes of wood per year and meets the 
power station's fuel requirements. 

Once felled, the trees are transported 
to the station by cable, at low cost. The 
moisture content of the wood (50%) must 
be reduced through drying before the wood 
can be used for f uc I. 

In order to optimize efficiency of produc
tion of steam, and t~en elcctrici cy, from 
wood with ;t'.Ch high ·inoistur!'.' content, a 
number of technical obstaci<"; had to be 
overcome. Th~sc included monitoring moisture 
content, regulating combustion, automating 
storage and transpor.tation operations, f<'cding 
the boiler, and remov•n 0 ash. 

POWER STAT! 

-~-•. -.......'"-... ·~· -- . I . 
. l.--

A. Unloading area 

B. Shredder 

C. Storage silo 

D. Drying unit 

E. Boiler 

MATERIALS 

B C D -



OVERALL LAYOUT 

F. Cyclone 

G. Stack 

H. Turbogenerator and condensor 

I. Engine 

J. Monitoring station 

GAS FLOW 

[ r G 

Wood 

Dryinq unit hot air system 

Air dlscharqe to stack 

Boller hot ~ir system 

the response 
The thermal power station at Bolinao 

was built by Alsthom Atlantique and includes 
an automated wood processing and transporta
tion system for feeding wood to the boiler. 
Hewn logs ar~ transported by cable to the 
main shredder in one-tonne batches. They 
are broken up for better drying and then 
further reduced for pneumatic delivery 
to the boiler. 

The wood chips are then injected into 
a drier that receives hot air from the boiler. 
The valve-regulated hot air supply is control
led by the gas temperature at the drier 
outlet. The main function of the drier 1s 
to regularize the moisture content of the 
fuelwood sent to the boiler, regardless of 
initial moisture content. Drying ensures 
flame stabilization and increases operating 
efficiency by 5%. Excess shredded dried 
wood is transferred to a storage silo with 
approximately 280 tonne capacity and is 
used to supply the power station during 
peak periods and weekends. 

Fuel particles suspended in the drying 
air flow are recovered in a cyclone and 
sent to the boiler along with the dried wood 
chips by pneumatic conveyor. The pneu
matic system operates on preheated air 
to evaporate the highly volatile matter 
contained in the fuel, thus improving com
bustion further down the line. The wood 
chips injected into the boiler from the cy
clone are then burned in suspension. 

Flame tempera tu re is maintained at 
over 930°C (melting point of the fuel) by 
means of variable air intake. A vibrating 
grate with circulating water, located at 
the bottom of the boiler, allows for the 
recovery and combustion of the heaviest 
wood chips and helps avoid crust formation. 
The grate also removes ash. 

The walls of the combustion chamber 
arc- lined with heat transfer tubes in which 
steam is produced. A second system of 
heat exchange tubes. in direct contact with 
the flame, provides for accderated steam 
production. Steam at 380°C and 40 bar 
pressure drives a turbogenerator equipped 
with special lubrication, tightnc-ss, and regula
tion systems. It is then injected into a nega
tive-pressure condenser where temperature 
1s reduced by 10°C. allowing for \\'atcr 
throughput 50 times greater than that of 
the condensed steam in the primary circuit. 

Accounting for yearly output of I 5 million 
kWh with almost zero oil consumption (oil 
is used solel~ for start-up), the Rolinao 
wood-fired power station plays a successful 
part in the Philippines' drive to reduce 
it r; energy dependence. 



energy breakdown 

A 3.4 MW power station consumes 6 
tonnes of wood per hour. Thus, one-quarter 
of the forest can provide enough fuel to 
operate the unit at full load for 6,600 hours. 
This utilizes 70% of available capacity. 

Bclinao power station specifications: 

Yearly wood consumption---- 41,000 tonnes 

Rate of conversion of wood 
with 50"! moisture content----

2.6 kg/kWh 
transmitted 

Thermal efficiency - 16~ 

Gross output 20,400,000 kWh 

Energy available for transmission - - 89~ 

Transformer efficiency •• 97~ 

Transmission efficiency-··--------· 90~ 

[nergy transmitted--······-···-···---15,850,000 kWh 

DUST EXTRACTION CYCLONES 

cost breakdown 

Investment costs for the Luzon installation: 
(I peso = USS 0.071 = FF 0.60, as at I/ 1/84) 

Power station -------- 25...J milliw pesos 

Plantation -------- 4.5 million pesos 

Transportation of wood---- 4.2 million pesos 

Transmission------- 20.3 million pesos 

Estimated costs for electrical energy 
(kWh) generated by a power stat;on under 
the Dendrothermal Program are as follows: 

per kWh per kWh 

generated transmitted 

• Wood 0.1 }6 0.175 

• Staff 0.023 0.029 

• Maintenance 0.024 0.0}0 

. Operating costs 0.008 0.011 

• Amortizement and 

financing costs 0.243 0.599 

(Source: NEA - DTOO) 

This assessment gives costs per kWh 
generated under the Dendrothermal Program 
which are similar to those per kWh generated 
using conventional equipment {0.42 pesos/kWh 
in 1982 on Luzon). Taking local conditions 
into account, the wood-fired power station 
is thus a viable economic alternative on 
the national level to electricity generation 
from oil or charcoal. Moreover, the installa
tion of a large number of small-scale units 
will bring electricity to rural areas located 
at great distances from conventional energy 
product ion centers which have hitherto 
not been linked to the grid. 
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ENERGY PRODUCTION 
FROM BIOMASS 

BORA BORA: 
GASIFICATION OF COCONUT FIBER 

User: Electricite de Tahiti 

Supplier: Entropie S.A. 
5, rue Thibault 
78160 MARLY-LE-ROI 
France 



Polynesia has a high biomass potential. 
Much of the islands' untapped biomass re
serves comes from waste products from 
the coconut industry, where every year 
the production of 14,000 tonnes of copra 
leaves behind 280,000 m J of unused vegetable 
matter, in the form of fiber, which can 
be burned as fuel in gas generators. In 
energy terms, the volume of fiber readily 
available represents the equivalent of 6,000 
tonnes of diesel oil, or 6% of Polynesia's 
total diesel oil imports. In l 976, Electricite 
de Tahiti decided to consolidate its utiliza
tion of this energy source, and in I 978 
the company installed a gas generator on 
Bora Bora which is now coupled with a 
dual-fuel generator to supply 200 kW of 
electricity to the island's distribution grid. 

the challenge 
The gas generator operates on the 

principle of converting ligneous matter -
containing large quantities of carbon, hydro
gen, and oxygen - into combustible gas. 
The two stages of the process are: pyrolysis, 
whereby vegetable matter is reduced to 
charcoal, giving off tar and smoke, and 
gasif icatio.1, where carbon is oxidized to 
produce carbon monozide and carbon dioxide. 

The major difficulty encountered with 
gas generators is the fouling of pipes, burn
ers, and engines caused by the significant 
quantities of tar and ash remaining in the 
gas. As the equipment quickly becomes 
clogged and requires frequent disassembly 
for cleaning, tar and ash must be eliminated. 

Secondly, the gas generated is a mixture 
of combustible compounds (CO, H2' CH 4) 
and inert compounds (C0

2 
and N

2
), making 

it a relatively lean gas compared to methane 
and city gas. Special engines must be used, 
as generator gas will no• self-ignite whc>n 
mixed with air. 

A 

c 

' 

A. Fuei oil 

0 

B. Dual-fuel generating set 
C. Air 
D. Filter 
E. Burner 
F. Water cooler 
G. Gas generator 

E 
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GAS GENERATOR: PRINCIPLE OF OPERATION 

I • Coconut f i hf'r 
?. Smoke rlnd t~r 
3. Pyrolysis 
4. Gr1si ficr:1tion 
). Combustion 
6. Ash 
7. Air 
Ii. Gr1s 

the response 
The Distibois/Delacotte gas generator, 

marketed by Entropie S.A., produces very 
clean, tar-free gas. The generator has a 
main chamber divided into pyrolysis and 
gasification sections and a combustion cham
ber. 

Coconut fiber is loaded into a feed hopper 
and then delivered to the pyrolysis section, 
where it is heated continuously to 95G°C 
along a temperature gradient. 7he charcoal 
thus produced falls under its own weight, 
while the volatile matter - tar and water, 
in particular - escape with the smoke 
and are recycled to the combustion chamber 
where they are burned with air. At com
bustion temperatures of 1,000° to l, l 00°C, 
tar decomposes completely into carbon 
dioxide and water. The hot gases given 
off are recirculated into the main compart
ment. Some 25% of the gases rise again 
to the top section and continue the pyrolysis 
of the solid matter as it descends. The 
remaining 75% of the gases traverse the 
gasification section in the same direction 
of flow as the charcoal stream. 

Charcoal is subjected to gasification 
under the influence of water vapor and 
carbon dioxide. Gasification reactions are 
highly endothermic and utilize the heat 
produced during combustion of pyrolysis 
products. Lastly, the gases are cooled to 
around 600°C (outlet temperature) and 
ash is removed from the bottom of the 
unit. 

It should be noted that the generator 
'>"ill only operate satisfactorily if coconut 
fiber water content is below 30%; above 
this level, a drier must be used. Such a 
drier can be supplied with hot air from 
the cooling fan fitted to the gas outlet 
or to the generating set. 

Although the Delacotte process is highly 
effective in removing tar, by-products from 
pyrolysis can still accumulate in the hot 
section of the burner feed pipe. This equip
ment must be disassembled for cleaning 
once every two to three weeks. One possible 
improvement would be to design a cleaning 
s1stem that does not require equipment 
disassembly. Similarly, ash can collect in 

CC'rtain sections of the pipes. 
After leaving the gas generator, the 

gas is cooled in a wet-process scrubber, 
filtered, and then fed to an engine where 
it is rnixf'd with diC'sel oil and burned. The 
700 kW g<'nerating SC't ran run either on 
pure' diC'sel oil or on a mixrurC' of diesel 
oi I and l<'an gas (genera tor gas). Th is f<'a tu re 
of th<' genC'rating set rnakC's it possible 
to satisfy flucutating grid demand and C'n
~tirc·s continllity of prodllction during gas 
g<'nc>r<itor downtirn('. 



energy breakdown 

Generating set consumption: 

Diesel oil 

Dry fiber 

50 g/kWh = 0.6 I 

1.3 kg/kWh 

This comparE'S favordb!y with the fuel 
consumption of a geaerati.1g set of similar 
output running on pure diesel oil (approx. 
280 g/kWh). Wher1 the power consumed 
by auxiliary equipment (associated with 
the gas generator ~i1d the diesel engine) 
is taken into account, the following conver
sion table can be drawn up: 

1 kg of dry fiber ••••• 0.155 liters of diesel oil 

1 coconut husk ••••• 0.11 O liters of diesel oil 

Therefore, for an hourly fiber consumption 
of I.5 mJ per hour (35 m1/day), net output 
of the gas generator is equivalent to that 
of 2J liters of diesel oil per hour. The import
ance of this figure can be appreciated when 
it is considered that the average village 
consumer uses about 3 kWh per day. Accord
ingly, 5 to 6 coconut husks must be collected 
daily to meet the electricity requirements 
of each household. 

AGENCE FRANCAISE POUR 
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cost breakdown 

Assuming that the gas generator saves 
50 liters of diesel oil per hour (l.2 mJ/day), 
and taking into account the price of diesel 
oil delivered to Bora Bora, the equivalent 
savings in terms of fuel costs can be esti
mated at around FF 2,500 per day. The 
200 kg/hr of coconut husks required for 
ope~ation of the generator are readily 
avaliable on the island at a cost of only 
FF 700/day, for collection and transportation. 
Daily savings thus amount to FF 1,800 
excluding operating costs. Investment costs 
can be broken down as follows: 

Gas generator ..... ff 2,750 per kW 

Dual-fuel generating set ff 3,850 per kW 

Installation costs ff 1,000 per kW 

Total ...... ff 7,600 per kW 

Tak!ng into account the high amortization 
costs, the retail price per kWh produced 
by the gas generator would be comparable 
to or slightly below that of kWh generated 
from diesel oil. 

The use of gas generators for energy 
production should increase in the near future. 
Although the cost per gas generator kWh 
cannot be expected to decrease compared 
to the cost per diesel oil kWh, the primary 
advantage in developing gas generators 
would be in stimulating copra production. 
Many islands in Polynesia have ample coconut 
reserves to power gas generators, particularly 
in the low-output range. 

LA MAlmlSE DE L'ENERGIE 
ft Tl I lrFXl :'XJ 
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ENERGY PRODUCTQON 
t=ROM BIOMASS 

GASIFICATION 
OF DONAX REED 
A NEW ENERGY PLANT 

PARTNERS IN THE OPERATION 

User 

Builder 

Societe Civile du Domaine du Grand Manusclat 
Le Sambuc - 13200 ARLES - Tel. (90) 98 90 14 

Societe Pil 1 ard 
13 rue Raymond Teissere - BP 56 -
13268 MARSEILLE CEOEX - Tel. (91) 79 90 21 

Donax reed (Arundo Donax). which grows naturally in most wana and 
temperate regions of the world, is very abundant in France in the 
southern part of the country. Traditionally used as a windbreak and plot 
border, it has recently been the focus of genuine cultivation. Mar\Y 
research projects ( INRA) have revealed that the production of donax reed 
offered an energy potential of 10 tOE/ha per year. 

Domaine du Grand Manusclat, a 450 ha (1100 acres) fana near Arles, 
achieved energy self-sufficiency by using donax reed. In fact. it saves 
1200 tOE per year with two biomass burning gas producers, which generate 
the energy required for two major activities : 

- Dehydration of lucerne in sunmer, 
- Heating of horticultural greenhouses in winter. 

Donax reed thus appears to be the first pl ant cultivated for energy 
production in France. For this reason, its development is planned by the 
regional tanners to produce energy equivalent to approximately 200,000 
tOE per year. 



THE PROBLEM 

The energy requirements of Grand Manuscl at amount to about 2000 tOE per year, 
•ore than 80 I in the fona of heat. In 1979, the undertaking was seriously 
affected by the sharp rise in oil prices. In 1980, fuel oi 1 purchases accounted 
for one-third of operating costs, representing an insupportable burden. To 
discontinue its •ain activities (lucerne dehydration, hothouse cultivation) would 
have meant firing most of the personnel (25 employees) and the abandornent of an 
illpOrtant product for the regional econmqy. 

Throughout the Seventies, Grand Manusclat participated in research on the use of 
donax reed as a raw material for paper pulp. But the industry concerned dropped 
the project and it was decided to tear out the nurseries. However, the latest 
experiments demonstrated the energy value of this crop, with its mean annual 
productivity of 20 tons of OM (dry material} per hectare and a LHY (low heating 
value) of 4100 kcal/kg of OM. 

Research was launched to detenaine the ideal equipement for the fuel available 
and for the needs of the farm. The technique adopted by the managers consists of 
the installation of a system producing its own heat by means of a donax reed chip 
gasification installation in two reverse draught gas producers. 

THE ANSWER 

The operation of the installation perfectlJ matches the needs of the farm 

- In sunaer, the sia1ltaneous output of both gas producers supplies a producer 
gas burner fitted to a drying oven, allowing the production of 5000 tons of 
desl'\Ydrated 1 ucerne per year, 

- In winter, only one gas producer is used fulltime, it serves to supply a 
burner installed on a hot water boiler to heat 10,000 m2 of hothouse area. 

Various agricultural by-products were tested and used as auxiliary fuels, 
including peach kernels, woodchips, etc. In the donax reed flow chart at Grand 
Manusclat, the· leaves are first separated from the stem, so that a stripping 
installation was designed. The leaves are then used separately after grinding and 
pressing to produce granules that are either marketed or used in the farm for 
domestic heating. 

I 

Natural drying of the donax reed is necessary prior to this operation. This 
process involves a mechanical operation designed to cut and split the stems to 
facilitate drying in 2 to 3 weeks. This avoids artificial drying and achieves an 
equivalent reduction in moisture content (from 55 to 15 \). 
In this way, the LHY of the dried reed reaches 4100 kcal/kg of OM. 

The gas generators have a capacity of about 2000 Mcal/h. The gas produced (4oo• 
C} 1s sent after dust removal to the different points of use. The cooling air is 
also recovered and used to aid drying. The reed use efficiency is hence around 85 
I in relation to the energy contained in the initial biomass. Moreover, a large 
part of the balance can be recovered in the ash in the fonn of charcoal. 
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Most of the heat energy consumption is provided by th2 gasification of donax reed 
and the auxiliary fuels fed to the gas producers. It is necessary to maintain a 
heavy fuel oil pilot burner in the drying drum (200 tOE). 

The conservation achieved by the operation is sunnarised in the following table : 

USE OF DONAX REED tOE ADDITIONAL CONSUMPTION tOE 

Lucern drying (gas producer) 890 Cultivation (plantation, irri-
gation, fertilisation, harves-

Hothouse heating (gas producer) 230 ting) 
0.5 tOE/ha x 100 ha 50 

Domestic heating (leaf granules) 20 
Electrical energy for gas 

Fuel sales 70 producers 100 

TOTAL 1 210 TOTAL 150 

The total net conservation achieved by this farm 1s 1,210 - 150 "' 1,060 tOE per 
year. 



COST BALANCE 

The total capital investment (enG 1983) amounted to 
5,800,000 F and the cost per tOE saved is 5,800,000 

1,060 = 5,500F 

For a fuel oil cost of 1,650 F/tOE, the payback tillie of 
the inv~stment concerning the equipment required is therefore 
3 years and 4 months. 

The potential areas that can be cultivated with donax reed 
will have to be taken from those allocated to cereal crops 
(durum wheat or rice) or sunflower. Usin~ the gross margin 
obtained per hectare for sunflower {2900 F) as a reference, 
which is higher than that of durum wheat (2400 F), it turns 
out that the cultivation of do~ax reed as an energy plant is 
much more profitable. 

The costs of the different items implicated in donax reed 
cultivation in plots are summarised in the following table 
(1983 figures): 

COST per ha and per year 

Irrigation(Camargue) 300 F 

Installation 1,300 F 

Maintenance 900 F 

Conditioning (drying) 400 F 

Harvesting + transport 2,100 F 

TOTAL 5,000 F 

For production of 10 tOE/ha each year with a use efficiency 
of 85%, the valorisation per hectare of donax reed thus 
amounts to : 

(10 tOE x 1,650 F x 85%) - 5,000 F = 9,000 F per hectare per year 

The total cost per tOE of donax reed as a function of the 
installation depreciation period is determined from the cost 
of cultivation and the total capital investment. 

5,000 F/ha = SOO F The cost per tOE produced in the field is 
10 tOE/ha 

DEPRECIATION 10 YEARS 5 YEARS 

Total net conservation 10,600 tOE 5,300 tOE 

Investment 5,800,000 F 5800,000 F 

Cost per tOE conserved 550 F 1,100 F 

Cost oer tOE oroduced 500 F 500 F 
Total cost per tOE 1,050 F 1,600 F 

AGENCE FRAf\ICAJSE POUR LA MAITf<lSE DE LEf\J[; " '. 
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METHANE PRODUCTION FROM CANNERY WASTE 

User: BONDUELLE 
RENESCURE Factory 
59173 RESESCURE 
France 

.• ii Ider: DfCREMONT 
I IB, avenue du I 8 Jui n 1940 
9?508 RUEIL-MALMATSON 
rrance 



The fruit and vegetable canning industry 
is one of the highest energy consumers 
in the agro -industrial sector, using 280,000 
TOE every year in France alone. By utilizing 
waste products from industries in this sector 
to produce methane, it is possible not only 
to reduce levels of organic pollution (with 
reduced energy consumption compared with 
aerobic digestion) but also to supply consider
able quantities of energy to supplement 
the requirements of factories (up to l 0 
to 30% of total needs). Anaerobic ftrmenta
tion is well suited to cannery was.-e, and 
net energy production from these fact. ····ies 
can be particularly high, because: 

- cannery effluent 1s hot or c<-1-11d, and 
the heat from it can be used io ma,ntain 
operating temperatures i11side the digester, 
thereby reducing internal biogas consump
tion. 

- the biogas produced can be used easily 
to satisfy the cannery's extensive w2ter 
and steam needs. 

the challenge 
The Bonduelle factory at Renescure has 

a vegetable processing capacity of 110,000 
tonnes of vegetables per yc_ar. Of this, 
nearly 60,000 tonnes is proce:>sed from 15 
June to 30 September. Pollut<.nts discharged 
from a unit of this capacity can be expressed 
as 2:i tonnes of COD daily, which is equi
valent to t!°'P waste from a city of 250,000 
inhabitants. 

For some years, the Renescure factory 
has treated its waste products by aerated 
lagooning, a system that proved efficient 
in the processing of effluent but was over
loaded during the summer months. The 
cost of extending the existing treatment 
facility would have been prohibitive. Thus, 
the methane production project had to 
be implemented at moderate investment 
cost, leading to the decision to limit tank 
capacity and to treat c · iluent in the densest 
form possible over shorter rC'tention time~ .. 

2 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
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Untreated effluent* 
Homogenization tank 
Distribution tank 
Digesters 
Deaerator 
Settling/thickening tank 
Sampling and metering 
Sampling 
Heat exchanger 
Deaerator fan 
Gas holders 
Gas compressor!> 
Flares 
Treated effluent 

blanching water: 
(COO; 

peeling water: 
( COf>: 

320 m1 /day 
8,400 kg/day) 

400 m1 /day 
11,800 kg/day) 
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the response 
The goal of minimizing investment costs 

was achieved in two ways: 

I) Installation of separate sys rems so that 
only the most concentrated effluent 
was delivered to the digester; only waste 
water from pea and bean blanching 
and carrot peeling processes was to 
be subjected to fermentation. The di
gester processes 10% of the factory's 
total waste discharge, which contdins 
50% of the pollutants leaving the factory. 
The low-concentration effluent is treated 
by aerated lagooning. 

2) An advanced process ior reduction of 
retention time. Anaerobic f:lters could 
not be used due to the high concentration 
of suspended solids; the sludge bed cot.ild 
not be used due to the heterogeneity 
of the suspended solids. The method 
seler:ted involves single-phase anaerobic 
contact technology, which is well suited 
to high efficiency treatment of sub
strates with a COD in excess of 15 g/l 
and high concentrations of fermentable 
matter wherc acid formation is not 
a limiting far.tor. 

These techniques allow for a retention 
time only one-third as long than that re
quired using the conventional integral
mixture method. The unit is designed to 
treat all concentrated effluent at peak 
periods, i.e. 720 m 1 per day containing 
20 tonnes of COD. Its major components 
are: 

. an inlet and homogenization tank with 
a capacity of 80 m 1 

. a distribution tank to deliver effluent 
to the two separate digesters 

two steel digesters - capacity: 2,500 m 1 

(one insulated, one uninsulated). The 
digesters are maintained at 37°C and 
use gas stirring. 

two heat exc~.angers (with a unit capacity 
of 312 th/hr) for cooling in summer and, 
if necessary, heating in winter. 

• a deaerator with stirrer and fan. 

a settling tank (1,000 m 1
) in which sludge 

is recycled to the digesters at a rate 
of 100 m 1/hr. 

• two variable-volume gas holders (max. 
unit capacity: 120 m 1

). 

a centrifugal blower delivering gas to 
the factory. 

Technical data on the treatment of blanch
ing ard peeling water (period: 4 peak months): 

Average volume of effluent ••••• 

Average temperature of the 

effluent to ::ie treated ••••• 

720 m'/day 

Max. specific flow rate ••••• 3.6 kg COD/m' x day 

COD conter1t ••••• 28 ')/I 

In winter, there is only half t!1e quantity 
of con to be treated compared with peak 
months. Heat losses are kept to a minimum 
by operating with the insulated digester 
alone. 



energy breakdown 
Results from Bonduelle's installaticn, 

after more than two years of operation, 
confirm that the anaerobic contact process 
is a successful method of treating effluent 
with high concentrations of biodegradable 
suspended solids. The table below provides 
operating statistics for the digesters during 
peak period (28 June to 30 September i 983): 

Incoming COD 

COD removed 

Average trzatment efficiency over: 

- total COD ••••• 

- suspended solids ••••• 

Volume of gas produced 

Vo1ume of methane produced 

Efficiency of methane 

production ••••• 

758 tonnes 

6:t.9 tonnes 

83% 
47'.I; 

400,000 m' 

211,000 m' 

335 m' per tonne 

of COD removed 

An average of 320 m '/tonne of COD is 
removed annually. 

A breakdown of the energy involved 
in the methane production process is given 
below. The figures are based on operation 
during the years I 981 and 1982 and show 
an energy gain of 520 TOE for 1,220 tonnes 
of COD removed. 

Methane produced (400,000 m') 

Energy consumed by the 

digester (270 MWh) ••••• 

Energy savings compared to 

aerated lagooning (920 MWh) 

Total energy savings ••••• 

335 TOE 

- 65 TOE 

250 TOE 

525 TO[ 

AGENCE FRANCAJSE POUR 
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cost breakdown 
Operating cost breakdown for 1981 and 

1982: 

Savings in electricity compared to lagooning: 

980 MWh 

Electri!:ity consumption: 

270 MWh 

Electricity saved: 

+ 710 MWh ···- + ff 257,375 

Methane production (substitution for 

heavy fuel oil n°2): 335 TOE ••••• + rr 452,250 

Operating costs 
(excluding electricity) - rr 205,000 

Operating gains per year ••••• + ff 504,625 

If theoretical investment costs for aerated 
lagooning are subtracted from the acutal 
cost of installing a methane production 
unit, overinvestment can be calculated as 
FF 8,200,000 - FF 4,000,000 = FF 4,200,000. 
With a rate of discount of zero, overinvest
ment payback time is slightly over 8 years. 

(1 MWh : 0.25 TOE) 

(1 TOE 
10 7 

: 4.2 x 10 J = 4 x 10 btu = 7.33 BO[) 

LA MAJTRISE DE L'ENERGIE 
H1. T3111 76)2000 
TE.LEX 203 71? f 
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REUNION ISLAND: 

BAGASSE FUEL FOR A POWER STATION 

CONNECTED TO A SUGAR FACTORY 

Users: Sucriere du Nord Est (S.N.E.) 
Quartier Fran~ais 
97441 SAINTE SUZANNE 

E.O.F. 

Engine~ring: Fives-Cail-Babcock 

Creusot-Loire 

Jeumont 

Builders: :F .C .B. (boiler) 

~reusct-Loire (power station) 



The sugarcane industry has never regarded 
the supply of energy to its factories as 
its primary concern. Heat and electricity 
requirements of the factories are generally 
satisfied through the combustion of part 
of the bagasse (the fibrous material re
maining after sugar extraction), while the 
rest goes unused. 

In Reunion, surplus bagasse could be 
utilized to produce around 160 kWh of addi
tional electricity per year, corresponding 
to Ol"'e-third of the islan f's total consumption 
for 1983. For this redson, a bagasse-fired 
power station was built and connected to 
SNE's Beaufonds sugar factory as part of 
the program to restructure Reunion's sugar 
industry. 

the challenge 
The Beaufonds factory processes an aver

age of 550,000 tonnes of sugarcane every 
year and produces some 30% of its waste 
(i.e. 150,000 tonnes per year) in the form 
of bagasse with 50% moisture content. 
At the outset, in 1983, the sugar factory 
achieved energy self-sufficiency by burning 
70% of this bagasse. The remainder 
expensive to store and remove - was consid
ered a space-consuming, potentially harmful 
waste product. With no profitable solution 
for the ra·.ional use of surplus bagasse, 
the company pursued a wasteful energy 
policy and burned off as much of the surplus 
as possible in ,low-efficiency boilers. The 
drive to integrate the sugar factory and 
its biomass potential into a regional energy 
policy has encouraged efforts to make the 
manufacturing process more economical, 
thereby leaving greater quantities of bagasse 
for generating electricity. 

the response 

Energy savings in the manufacturing process 

Following extraction, purifiration, and 
conrentration, sugarrane liquor is processed 
to cause the sugar to crystallize. The solution 
is boiled under partial vacuum in varuurn 
pans uritil th<' water <'Vaporat<'s beyond 
tl"'.c supersaturation point, causing th<' sugar 
rrys ta Is to pr<'c ipi ta te. 
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2. 

3. 

4. 

5. 
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Sugar factory 

24-bar boiler 

45-bar boiler 

Turbine 

Generator 

E.O.F. Grid 

Bagasse storage 

c 

Until 1983, the Beaufonds factory per
formed this operation with batch-loaded 
crystallizers. Those units consumed 500 kg 
of steam per tonne of sugarcane processed. 
The massecuite produced was then centri
fuged in three successive stages in order 
to separate out the crystals from the sugar 
syrup. By installing two continuous-load 
crystallizers running on low-pressure steam 
and employing continuous-process centrifuges, 
it became possible to reduce steam consump
tion to 430 kg per tonne of sugarcane. 
However, crystallization is still batch-process 
in part. The same holds for the centrifuging 
of the first two batches of massecuite. 
SNE aims to limit sugar factory steam con
sumption to 350 kg per tonne of sugarcane 
by using continuous process equipment. 
Under optimum running conditions, surplus 
bagasse could reach 40 to 45% of total 
bagasse production. In 1983, energy savings 
in the manufacturing process represented an 
increase m surplus bagasse of about 3%. 

The power station 

At present, bagasse is either burned in 
the old 24-bar boiler used to supply 21-bar 
steam to the factory, or else it is stored 
before being fed into the power station's 
new 45-bar boiler. The steam produced 
by the combustion of waste products in 
the power station boiler is delivered to 
a two-stage turbine coupled to a 24.6 MW 
generator. Two by-pass outlets from the 
first stage of the main turbine take part 
of the steam at 21-bar pressure to the 
sugarcane factories, while steam at 1.5-bar 
pressure is supplied to the crystallizers. 
Under normal running conditions, the gener
ator operates with an output of 20.5 MW, 
of which 17 MW is supplied to the grid 
and 3.5 MW is used directly by the sugar 
factory. 

The power station was designed to gener
ate 45 GWh of electricity per year from 
550,000 tonnes of sugarcane (i.e. 300 kWh 
per tonne of bagasse), of which 37 G Wh 
were to be supplied to the grid. In 1983, 
howe~er, the !>tation supplied only 11 GWh 
to the grid because the unit was put into 
industrial production later than expected 
(August 1983), and because the incidence 
of breakdowns was higher at partial load 
than at r.ominal capacity. Moreover, only 
partial energy savings were achieved, and 
drought was responsible for a sugarcane 
shortfall. The goal for 1984 1s to supply 
36 GWh to the grid, 6 GWh of which is 
to be produced from 20,000 tonnes of bagasse 
from thC' nearby B'Jis Rouge sugar factory. 



energy breakdown 
One tonne of processed sugarcane produces 

about 300 kg of bagasse which is used as 
follows: 

35~ consumed by the sugar factory 

7~ stored for breakdowns and 

shut-downs 

58~ available for the power station 

For one tonne of sugarcane, the energy 
breakdown is as follows: 

Bagasse ···-

Ste3m produced 

Internal electricity consumption 

Electricity supplied to EDf ••••• 

JOO kg 

700 kg 

14 kWh 

66 kWh 

Under normal operating conditions, the 
power station generates 20.5 MW of elec
tricity, of which 16.2 MW is available for 
supply to EDF. (At reduced load, these 
figures are 9.2 MW and 6.2 MW, respectively.) 

Sugar production is on stream 19 calendar 
weeks per year. With an estimated downtime 
of 8 hours per week, factories have an 
actual operating time of 120 hours per 
we~k. 

AGENCE FRANCAJSE POUR 

Potential yearly output of the power 
station (excluding legal holidays): 

Under normal operating conditions: 

16,200 kW x 120 hrs x 18.33 -··· 3'J,633,'J20 kWh 

At reduced load: 

6,200 kW x 12 hrs x 18.33 ....• 1,363,7')2 kWh 

TOTAL ••••• 36,997,272 kWh 

cost breakdown 

Approximately one-half of the investment 
costs for restructuring the Beaufonds factory 
(FF 75 million) is related to energy saving 
equipment (heating and power station). 
EDF purchases electricity at FF 0.25/kWh. 
Corresponding revenue for 37 G Wh is thus 
FF 9.25 million pe. year. 

Payback time for investment ••••. 8 years 

LA MAJTRISE DE LEN ERG IE 
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ENERGY PRODUCTION 
FROM BIOMASS 

DUAL-FUEL STEAM BOILER: 

COAL AND COFFEE GROUNDS 

User: SOPAD-NESTLE 
Dieppe Factory 
Z.I. de Rouxmesnil-Bouteilles 
B.P. 521 
76370 NEUVILLE-LES-DIEPPE 
tel. (35) 82.76.60 

Builders: FIVES-CAIL-BABCOCK 
80, rue Emile Zola 
B.P. 95 
93123 LA COURNEUVE 
(boiler) 

SPEICH IM 
Tour Franklin 
92081 PARIS LA DEFENSE 
(presses) 

TERNOIS EPURATION 
14, rue Marechctl de Lattre 
de Tassiqny 
(8110 LUCF 
(trecttment plrlnt) 



Every year, the SOPAD factory at Dieppe, 
which produces instant coffee and powdered 
chicory, has to deal with several thousand 
tonnes of waste commonly referred to as 
coffee grounds. In an effort to limit the 
energy expenditure of this production unit, 
which originally inc!uded large quantities 
of fuel oil, the company has turned quite 
naturally to the use of its by-products as 
a valuable source of energy. Technical 
and economic studies show that optimt•m 
combustion of these substances is achieved 
by mixing them with a second fue~ having 
a higher energy yield, such as coal. 

The system installed, using the latest tech
n;ques, substitutes 6,000 TOE of coffee grounds 
and 7 ,000 TOE of coal for l 3,000 TOE of 
fuel oil. Payback time on the FF 32 million 
investment is 3.5 years. 

These steps are part of the company's 
global energy policy which is aimed at 
introducing new techniques and opt1m1zmg 
energy resource management. That policy 
can be outlined as follows: 

• using electricity for mechanical processing 
and preliminary treatment of colored 
effluent (reverse osmosis) 

• using waste products from industrial 
processes as an energy source 

• using coal as an ignition and make-up fuel 

• using fluidized bed combustion for greater 
flexibility, higher efficiency, and a broader 
potential fuel range. 

the challenge 
Two problems were regularly encountered 

at the Dieppe plant: 

. finding a reliable, long-term method 
for removing manufacturing waste products 

• reducing energy expenditure (which was 
rising due to increasing oil prices), and 
to ensure continuity of production through 
diversification of energy supply. 

Finding a reliable commercial outlet for 
the factory's waste products could have 
been the answer to the first of these prob
lems, as they can be used as soil improvers 
and cattle feed. However, not only did 
this solution have little in common with 
the company's objectives, it also involved 
dependence on erratic and unpredictable 
agricultural markets. Investments aimed 
at reducing dependence on petroleum pro
ducts either were very heavy or entailed 
long payback times (for coal, gas, or el<'c
tricity). Moreover, the fuel oil-fired h<'ating 
plant ins ta I It'd at the factory (producing 
54 tonnes of steam per hour) was less than 
ten years old. 

E 

Coal 

storage 
Ash 

to rage 

Orie 

' ~ .~ Daily 

coal supply 

the response 

Plainly, the solution to both problems 
lay in the rational use of by-products, thereby 
allowing the company to reduce its energy 
dependence while eliminating risks related 
to unsystematic marketing of waste products. 

It is impossible to burn residual coffee 
grounds directly, since their moisture content 
is very high (around 75%). Once the moisture 
content of the grounds has been reduced 
ta 50%, however, they have sufficient energy 
potential to be used as fuel (LHV: 2, JOO kcal/kg), 
although it is still necessary to utilize mixed 
combustion techniques, adding a higher-yield 
fuel to the dried residue. Coal is particularly 
suitable for this technique. The above analy
sis led to the investment at the Dieppe 
plant which now includes both a fluidized 
bed boiler capable of burning the fuel mix
ture and a pressing unit designed to reduce 
the moisture content of the waste. 

Coffee grounds ieaving the manufacturing 
line with a moisture content of 75% arc 
dried in three Spcichim srrcw-typc presses 
which have a unit capacity of 6 T/hour 
and arc highly energy efficient. Th<' prC'sscs 
replaced the existing rotary driers aftc-r 
a comparative study had prov<'d th<' supc-r
iority of mC'chanical drying over corwC'ntional 
hC'a t drying proccssC's. Energy savings arnount
C'd to 1,550 TOE/year. 



nt from industrial processes 
J uncolored 

t colored 

Cold w:"lter 

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

r-~~~~-+~~~~~-+-~ 

Liquid extracted 

+ .. + 

Economizer 

It should be noted that water lewing 
the presses is heavily laden and colored 
(COD: 50,000 mg/I) and cannot be treated 
using conventional methods. In particular, 
the strong coloration of the water necessi
tates a preliminary treatment phase involving 
one of t·"o possible processes: the much-used 
system ol evaporation, or the comparatively 
more mocern and more energy-efficient 
system of reverse osmosis. With a throughput 
of 20 m 3 /hr ( 5 m 1 hr from the presses plus 
15 m 3 /hr from the manufacturing process 
itself), membrane filtration allowed for 
yearly savings of around 200 TOE compared 
to a system involving a three-chamber 
evaporator used for mechanical steam com
pression. 

The unit uitimately installed has six filtra
tion stages for a total surface area of 750 m 2

• 

Virtually total decoloration is achieved 
and levels of pollu~ion (measured in COD) 
arc reduced by over 90% (concentration 
ratio: 1/15). 

The above cff luent is then mixed with 
uncolored effluent from manufacturing 
lines before being treated in a biological 
treatment plant. This plant, with a nominal 
throughput of 70 rn 1/hr, consists of a screen
ing unit, an aerated buffc-r tank (capacity: 
1,500 rn 1

), an ac-ration tank ~capacity: 
2,000 rn 1

), a settling tank, and a sludge 

Boiler 

Hot water 
storage 

Concentrate 

+ • 

Permeate 

+ 

Treatment plant 

thickener. The treatment plant was commis
sioned early in 1984. 

Coffee grounds are pressed and then 
sent either to a storage facility or else 
directly to the combustion line. The moisture 
content of the residue is high, and a certain 
amount of dry fuel (coal, in this case) must 
be added before combustion can proceed. 
(Coffee grounds can only satisfy around 
45% of the factory's total energy require
ments.) 

Fives Cail Babcock supplied the once
through, water-tube steam boiler. The fluid
ized bed combustion furnace consists essen
tially of a mechanical grate used for slag 
removal and distribution of fluidization 
air (primary air). Related equipment includes 
a mechanical dust extractor, an economizer, 
an electrostatic precipitator, and an exhaust 
fan discharging into a stack 42 meters 
in height. 

The above unit produces 40 T /hr of 16-bar 
steam. This type of boiler was rhosen over 
conventional grate boilers because it is 
better suited to the wide range of coal 
qualitiC's available on the market and to 
significant variations in operating capacity 
(36 T /hr weekdays and 4 T /hr weekends). 
Moreover, tests run at thC' FCR test center 
at La CournC'uvc indicatt'd that coffee 
grounds burn espC'c ial I y WC' 11 whC'n suspended 
in air. 



energy breakdown 
Average annual energy consumption for 

the Dieppe factory is arourad 12,750 TOE. 
Only heavy fuel oil was burned initially. 
At normal operating capacity (after start-up 
.:>n coal alone) coffee grounds can supply 
5,780 TOE per year. Taking into account 
the energy consumed for mechanical drying 
(70 TOE), the energy savings achieved amount 
to approximately 5,700 TOE. 

Coal make-up requirerPents are approxi
mately 6,87 5 TOE. This gives the factory 
an overall energy supply breakdown as follows: 

fuel oil to coal conversion: 54% of plant 
requirements 

• energy recovered from manufacturing 
by-products: 46% of plant requirements. 

the company 
SOPAD-Nestle holds a firm position in 

the agro-industrial market, manufacturing 
and marketing products with such widely 
known brand names as Nestle, Nescafe, 
Mousline, and Maggi. Annual turnover exceeds 
5 billion French francs, of which about 
30% comes from exports. 

The company has a staff of 6,200 including 
600 engineers and managers. The range 
of 700 products includes instant drinks, 
chocolate, pre-package<i foodstuffs, and 
dietetic and dairy products. Seven plants 
in France manufacture most of these products. 
The Dieppe factory 1s one of France's maier 
production units for instant coffee. 

AGENCE FRANCAISE POUR 
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cost breakdown 
(base year: T 981) 

fuel oil consumption: 

13,45G tonnes at 

rr 1, 100 per tonne 

Coal consumption: 

11,445 tonnes at 

rr 515 per tonne 

Additional energy consumption: 

284,000 kWh at 

ff 0.29 per kWh 

Savings 

Energy investment ( 1981) ..•.. 

rr 14,000,000 

rr 5,895,ooo 

rr 83,ooo 

ff 8,822,000 

rr 31,686,000 

(excluding reverse osmosis deceleration 

and treatment plant) 

note: The coffee grounds utilized are assumed 

to he commercially valueless. 

Gross payback lime .•... }5 years 

LA MAITRISE DE L'ENERGIE 
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ENERGY PRODUCTION 
FROM BIOMASS 

GABON: METHANE PRODUCTION 
FROM POULTRY DROPPINGS 

User: SHAG 
B.P. 462 
LIBREVILLE 
Gabon 

Engineering: SEPMA 

Builder: 

4, rue du Colonel Briant 
75020 PARIS c~dex 01 
France 

MIDA-TRA 
Castelnau-Barbarens 
32450 SARAMON 
France 



SM.t\G Societe Meuniere et Avicole 
du Gabon (Flour Millin~ and Poultry Company 
of Gabon) raises 156,000 laying hens, in 
cage~ l l months a year, at its N'Koltang 
facility, which produces most of the eggs 
consumed in Gabon. Generally speaking, 
poultry droppings cannot be spread as fertil
izer in Africa due to health hazards (poultry 
disease). These risks are compounded in 
Gabon because the waste would have to 
be transported to fields located some dist
ance from the breeding facility. 

In 1983, SMAG built a prototype ir.dustriai 
digester in N'Koltang as part of a research 
and experimentation program designed to 
determine thE: economic feasibility of meth
ane production from poultry droppings. 
By applying these results to the treatment 
of all available waste, the c~rnpany estim
ated that energy savings of 245 TOE could 
be achieved under normal operating condi
tions. 

the challenge 
The principle of methane production 

is to convert poultry droppings into methane
rich and thus combustible gas by means 
of anaerobic fermentation. The following 
major factcrs affect fermentation output: 

• optimum conditions for bacterial growth 
(temperature, pH, and ammonia concentra
tion) 

the percentage of dry matter to be pro
cessed (optimum percentage for this 
facility was set at 10%) 

the efficiency of removal of non-fermcnt
able waste found in the liquid manure 
(e.g. feat hers and sand) 

the efficiency of rrust removal operations. 

Furthermore, as it l<>avcs thC' digC'ster, 
the gas contains 60% mC'thanC' and 40% 
carbon dioxide, and cannot therefor(' sclf
ignitC'. Thus, it can only be usf'd in spc1 1ally 
adapted engines. 

1 

GRINDING AND HOMOGENIZATION PIT 



i. TeL.mical '··5 'di-.~ 
2. Pilot digl.,l 'I \1..•0 m1

) 

3. Grinding pit 
4. Settling tank 
5. Slurry removal channel 

4 

5 

the response 

The ;nduscrial prototype of the a!'aerobic 
waste treatment unit fer SMAG's poultry 
farming operation was put into continuous 
service on l 0 August 1983 and has operated 
satisfactorily ever since. It was installed 
after SMAG and SOMDIAA had carried 
out tests in Frar1ce c:i a microplant with 
a capacity of 2.3 m 1

• 

The protot~µe digester, with a capaci'o.y 
of 80 m3, processes 6.7 m1 of w<..ste (16% 
dry matter content) daily, at norr .• al operat
ing capacity. Thi~ represents 20% of the 
liquid manure to be processed. Solid waste 
collectea in henhouses is rlPlivered to the 
first of three compartments of a settling 
tank whose rr "in function is to remove 
as many feathers anc as much sand as possi
ble in the shortest time. 

When the liquid manure flows through 
the orifices in the bottom of the first cham
ber into the second chamber, the feathers 
are caught and sent to the feed canal. 
Sand and gravel are trapped as the liquid 
manure flo.vs into the third chamber through 
the orifice located midway up the second 
chamber. As settling time in continuous 
process is 24 hours, the tank is filled the 
day before the liquid manure is to be used, 
but only oncf' the digester has been filled 
with settled droppings and the unit :1as 
been completely cleaned. 

The liquid manure then flows through 
a flap to the grinding pit which is fitted 
with a step in order to catch the last heavy 
pieces at the bottom. The waste is ground 
in the pit (at 16% dry matter content) 
and then diluted with water until a level 
of 10% dry matter is reached. 

Every day, the homogenized mixture feeds 
a digester with four fixed-bed bio1ogical 
filters (downward flow). Four pumps ensure 
feed and recvcling. Sand and crust removal 
operations are carrieJ out once a week 
in order to prevent clogging. After a reten
tion time 0f 20 days at a temperature of 
30° to 32°C and a controlled pH of 8, the 
effluent is removed from the digester through 
an overflow pipe. 

The biogas rroduced contains 60% methane 
and 40% carbo.1 dioxide. It has a lower 
heat value of 5.5 thermies per m1

• The 
faS IS Stored In a variable-volume tank 
with water seal (capacity: 80 m1

) before 
being used to generate electricity in a dual
fuel generating set. 

It should be rioted that methane production 
tak_es place without heating the digester, 
which means that none of the biogas pro
duced is used as process heat. Neverthe!ess, 
a fermentation temperature of 37°C would 
increase prod11ctivity by l O to 2 5%. This 
could be done by ;ecoverirg the cc.lories 
from the hot water system in the generating 
set. It could also help in testing ther .. ophilic 
fermentation at 55°C. 

Installation of the digester has ht:lped 
achieve the thr<·e goals laid down at the 
outset of the program: 

production of gas for energy uses 

rcductio11 of thf' polluoon levels 0f the 
cffluE:'nt (COO cut in half) 

stabilization of the efflut1nt, determined 
according to the- C/N rat;o, w~.ic h decrc2ses 
from 2'> to 15. 



energy breakrlown 
Experiments carried out by SMAG and 

SOMDIAA on the prototype in Gabon pro
duced the following results over the observa
tion period from August 1983 to May 1984: 

10 7 
(1 TOE = 4.2 x 10 J = 4 x 10 btu = 7.n BOE) 

Laying hens -··· 35,000 

Digester capacity BO m' 

Input (10~ dry matter content) 6.7 m'/day 

Electricity generation ··-· 54 TOE/year 

Applying the above figures to the treat
ment of all waste produced prc.vides the 
following data: 

Laying hens ••••• 

Digester capacity 

Input (10% dry matter content) 

Electricity generation ••••• 

156,000 

360 m' 

30 m'/day 

245 TOE/year 

The 245 TOE produced are to be used for: 

Electrici~.y generated for breeding ••••• 150 TOE/year 

Electricity generated for pumps 

(methane production) ••••• 

Heat for incubators ••••• 

Total ••••• 

27 TOE/year 

26 TOE/year 

203 TOE/year 

leaving a safety margin of 42 TOE, or about 
20%. 

AGENCE FRANCAISE POUR 
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cost breakdown 
The total investment, incluc!ing the generat

ing set, amounts to 3 million francs, with 
amortization of 388,000 francs per year 
over a IO-year period and at a rate of 
discoun c of 5%. 

A technical 
the preliminary 
estimates: 

Operating costs 

Amortization 

Total ..... 

and economic analysis of 
project leads to the following 

..... r 80,000 per year 

r 388,000 per year 

r 468,000 per year 

It costs 468,000 franc:; per year to produce 
the 176 TOE required for self-sufficient 
operation. This corresponds to a cost price 
of 2.26 francs per liter of gas-oil equivalent, 
which is lower than the current price of 
2.70 francs per liter. 

Internal rate of return (over 10 years) 17% 

Payback time (on capital) ••••• 3.5 years 

LA MAITRISE DE L'ENERGIE 
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ENERGY PRODUCTION 
FROM BIOMASS 

METHANIZATION 
OF RESIDUARY LIQUOR 
IN A COGNAC WINE 
DISTILLERY 

PARTNERS IN THE OPERATION 

U&er 

Engineering 

Measurement 
Campaign 

Groupement d'Interet Economique REVICO 
BP 179 - 16106 COGNAC - Tel •. (45)ij2.49.99 

S.G.N. (ste Gale pour les Techniques Nouvelles) 
1, rue des Herons - Montigny-le Bretonneux 
78184 ST QUENTIN EN YVELINES CEDEX -
Tel. : (3) 058.60.00 

A.P.A.V.E. du Sud-Quest (BORDEAUX) 
a~d I.N.R.A. (NARBONNE station) 

This operation is the first fullscale project in France consisting of the 
methanization of residuary liquors of wine distilleries by the fixed bed 
process. The substrate was largely designed by the installer, SGN, with 
technical assistance from !NRA, and financial backing from APME, 
particularly at Condom, on Armagnac r~siduary liquors. 
The process itself was developed on a different substrate (sugar refinery 
effluents) at Beghin-Say's Thumeries sugar refinery. 



THE PROBLEM 

Groupement d' Interet Economique (GIE) REVICO was formed by cognac distillers to 
process their residuary liquors that could not be dumped into the natural 
environment. Two types of by-product are involved . a lees residuary liquor with 
50 g gross COD (Chemical oxygen Demand) per litre, and a wine residuary liquor 
containing 30 g gross COD per litre. 

Until now, the residuary liquors were processed by the thermal method in a 
multistage concentrator, with a concentrated residuary liquor combustion unit 
designed to produce the stea• required to operate the concentrator. 
However, self-production of energy by this means only succeeded in covering 20 I 
of requirements. The balance was therefore supplied by fuel oil, whose price 
increase made the cost of processing the residuary liquors prohibitive to the 
members of the GIE. 

The GIE therefore tried to solve the environmental problem by metnanization. The 
new process offers the advantage of recovering the energy available for the needs 
of the establishment. 

THE ANSWER 

Methanization of all the effluents (settled residuary liquors and lees) helped to 
eliminate the need for fuel oil completely. The operating principle of the 
methanization unit is to treat the effluents separately for wine and lees 
residuary liquors. The methanization process employed is a fixed bed process for 
wine liquors and an intimate mix process for lees liquors. 

The wine residuary liquor digester produced by the new generation of fermenters is 
packed with a stack of PVC rings (Flocor R packing) resting freely on gratings. 
Flocor offers a large area per unit volume (230 m2/m3). Thus the process serves to 
fix the maximum possible bacteria in the digester, enhancing the efficiency of 
fermentation and the production of biogas. 

A mix digester for untreated lees residuary liquors with a high concentration of 
suspended matter is better for this type of substrate, which is much more 
concentrated. The average throughput of liquors to be processed is ~O m3 per hour 
tC1r 8 hours. Methanization of the 150 ,000 m3 of corresponding liquors serves to 
produce around 1,400,000 m3 of methane per year. 

Five-twelths of the output are burnt in two motors to generate electrical energy 
and to produce hot water at 80° c. 
This hot water is used to keep the fermenter at temperature and the surplus is 
sold to a user to head hothouses and schools belonging to the town of Cognac. 

The remaining seven-twelths are burnt in a boiler tc produce the steam required 
for the wine distillation column. 

~his helps to attain the two-folct objective set by the undertaking. 

- To eliminate the pollution present in the effluents, this operation will be 
achieved with a 90 % cut in COD, 

To realise fossil fuel savings by producing energy from the biogas that is a 
fermentation by-product. 



WINE RESIDUARY LIQUORS 

LEES 
RESil>UARY 
LlQUClPS 

AEROBIC 

SLUDGFS 

INTIMATE 

MIX 

DIGESTE~ 

REC'fr.LING 

INSTALLATION FLOWCHART 

HF.AT 
XCH NGER 

HEAT EXCH~llGER 
(EFFLUENT 
HEAT) 

Sl.llDGE 

~·IXED BED 

DI GE.STE~ 

(f'LOCOR DEG ASS< 

BIOGAS 

STORAGE 

CL FAR 
LIQUID 

COMPRESSOR 

CLARIFIED 
EFFLUENT 

TO AEHOBIC 
TREATMENT 

TAN~ 

,...s_L_uo_c_E_s ____________________________ .. To 

:;LUOGF. 

INCINERATION 



PORBGAST ENERGY BALANCE 

The products to be treated represent a total quantity per season of 150,0UO ml 
with a purification efficiency of 90 \, and the average soluble COD of the 
residuary liquors is 30 g per litre. 

150,000 x 103 x 30 x lo-6 x 0.9 = 4,050 tons of COD destroyed. 

1 kg of COD destroyed produces 0.35 ml of methane with an LHV (Low Heating Value) 
of 8,500 kcal per ml. 

4,050 x 103 x O.l5 x 8.50 = 1,200 tOE 

Fro:.: this, it is necessary to substract the energy consumption required to heat 
the residuary liquors, to maintain 37 ° c in the fermenter, and to operate the 
pumps and compressors, estimated at 250 tOE. 

This methanization process substitutes for treatment by e·.raporation. Hence by 
shutting down the concentrators of the former installation, the operation must be 

credited for energy conservation of 3400 tOE. Thus the total energy balance of t.he 
operation is as follows : 

1,200 tOE from gas 
250 tOE consumed by the process 

+ l,400 tOE conservation 

4,l50 Conservation per season· 

FORECAST COST BALANCE 

The total budget of the overall installation is around 20,000,000 F excluding tax, 
broken down as follows : 

14,500,000 F for the methanization part (digester, engineering, assembly, 
electricity and control, civil works), 

5,500,000 F for the thermal part (generators, piping, compressors, burners). 

The ratio of cost per tOE is thus : 

20,000,000 : 4,l50 • 4,600 F per t0E conserved. 

This is equivalent to a payback time of 3 years. 

AGENCE FRANCAJSE POUR 
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ENERGY PRODUCTION 
FROM BIOMASS 

STEAM PRODUCTION FROM RICE HUSKS 

User: SICA France Riz 
Clos du Jourdan 
Gimcaux 
13200 ARLES 
France 

te 1. ~ 90) 9 3 . 60. 51 

Ouilder: ETABLISSE.MENTS PARENTS.A. 
47600 NERAC 
France 
tel. (58) 65.19.00 



SICA France Riz is a consortium of 
rice producing cooperatives. These coopera
tives supply France Riz with !ong grain 
ric~ in the husk or with round grain • ice, 
husked and milled. 

Round grain rice :s soaked, precooked 
(steamed), and dried, to produce 'minute' 
rice, while the long grain variety is par
boiled, dried, hu~ked, and milled to pro
duce non-glutinous rice. The husking process 
leaves behind a by-product: the rice husk 
or hull. 

Until very recently, this by-product
approximately 20% by weight of processed 
paddy rice - was burned in special inciner
at~xs and then dumped. Since 1978, however, 
two boilers have been running on rice husks 
to meet the factory's 1,600 TOE steam 
requirements. Additional investment costs 
for these units was paid back in two years, 
partly through savings made on heavy fuel 
oil to run the oil-fired boiler which wou!d 
have been nE>eded. 

the challenge 
SICA installed its first husk-fired boiler 

in 1974 while maintainmg one oil-fired 
boiler on line. The biomass unit consumed 
all the rice husks available in the plant 
(3,000 tonnes per year) but failed to provide 
complete energy self-sufficiency; the factory 
continued to consume 800 tonnes of fuel 
oil every year. 

With plans to increase factory output, 
SICA found it viable to install a second 
boiler running on vegetablP. waste provided 
by other SICA member-cooperatives. 

Not only did the project overcome 
the prnblerns of disposal of the by-product 
(which had formerly been burned in the 
open air and thus constituted an environ
mental hazard), it also made it possible 
for the plant to operate with zero fuel 
oil cons1.:mption at the same time as increas
ing its output by 50%. 

THE SICA (FRANCE RIZ) RICE PA 

PRODUCING STEAM FRO 



SING PLANT AT ARLES (France): 

CE HUSKS SINCE 1974 

the response 
The second boiler (installed in 1978) 

has higher output and incorporates improve
ments based upon experience gained from 
the first boiler, to provide better perform
ance. Five thousand tonnes of rice husks 
can be burned in the new boiler ever f year. 
As planned, factory capacity has increased 
by 50%. 

All available husks are burned. First, 
they are stored in a silo, before being fed 
into the furnace as and when steam is re
quired in the plant. Smoke and ash pass 
through the boiler's smoke tubes and leave 
the unit at a temperature of 2•)0°C. The 
ash is then separated from the fumes in 
a multi-cyclone, and collected in a storage 
silo. The ash is suitable for use in the steel 
industry. Ash disposal problems encountered 
with conventional husk incinerators are 
thereby eliminated. 

The boiler ·.)perates with 70% efficiency 
and produces 4 tonnes per hour of l 0-bar 
steam. Thus, :t replaces not only the 2 T/hr 
oil-fired boiler formerly running in parallel 
with the first biomass boiler, but also a 
second oil-fired boiler that would have 
been needed to meet steam requirements 
for increased plant output. 

The two units obviate the need for 
fue1 oil (except in the old boiler, which 
is maintained on stand-by). Further plans 
exist for the replacement of the first bio
mass boiler (operating at full load since 
1974) with an improved model similar to 
the one installed in 1978, and which would 
operate at two-thirds capacity. 



energy breakdown 

With production capacity increased 
by 50%, the plant's overall consumption 
reaches approximately 22,000 kWh per year. 
The 1974 model consumes 3,000 T /yr of 
rice husks, while the 1978 model consumes 
5,000 T/yr. Together, these boilers can 
supply around 20,800 kWh per year, the 
remainder of the energy requirements being 
met (if necessary) by the stand-by oil-fired 
unit. 

Installation of the second husk-fired 
boiler allows for energy savings of 1,300 TOE, 
calculated as follows: 

0.70 
5,000 T /yr at 3.2 kWh/T x - : 13,000 kWh/yr 

0.65 

or 1,300 TOE 

Additional electricity 
(200,000 kWh = 50 TOE) must 
from this figure. Overall 
are thus _l,250 TOE. 

consumption 
be deducted 

energy savings 

r ... GENCE FRAl'JCAISE POUf< 

I 

are 

cost breakdown 

Investment costs for the second biomass 
boiler are FF l.6 million. A 2 T /hr oil-fired 
steam boiler would have cost FF 350,000. 
The table below shows savings made on 
plant operation during 1979 and 1980. 

YEAR 1979 1960 

Heavy fuel oil (1,250 T) + 594,400 + 935,000 

Additional electricity 

(200,000 kWh) - 36,300 - 40,600 

By-products gained (ash) + 56,000 + 63,800 

Waste handling costs + 20,000 + 22,000 

Additional running costs - 9),000 - 104,500 

TOTAL 541, 100 675,700 

(amounts quoted in French francs) 

Overinvestment costs of FF 1.25 million 
thus paid back in under two years. 

U\ MAITr~l<;E DE L'Ef\JERGIE 
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E~ERGY PRODUCTION 
::ROM BIOMASS 

LUCERNE AND PULP 
PRE DRYING 
BY CONDENSATION 
ENERGY RECOVERY 

PARTNERS IN THE OPERATION 

liser 

Manager 

Builders 

Heat Exchanger 

Soclete Cooperative Agricole de o&shydratlon 
MARNE VESLE 
Vole Chanterelne 51000 - RECY - Tel <26) 65.18.23 

M. Benaut, Director 

CEREX 
18 rue Royale - 75008 Paris - tel Cl> 260.37.53 

SERA - HUSSON 
36 rue des Grands Chmps 75020 PARIS - Tel (I> 313. 12. 3-4 

The Marne Vesle dehydration cooperative at Recy Is located a few kllOllleters north of Chalons
sur-Marne. 

In 1982, the cooperative Installed a low temperature predryer, using the latent heat of fUID8s 
produced by two temperature dryer dr11111s operating alternately. These fumes contain stem 
wh I ch, when condensed, restores part of the energy cons1.1118d In the dryer. 

This II) MF Investment helped to reduce spedflc consumption to 140 kll fuel oil equivalent per 
ton of granules. Primary energy cons1111ptlon Is thus 2300 tOE per year. Gross payback time of 
the operation Is 3.6 years. 

THE CCWANY 

Formed In 1965, Coop&ratlve Agricole Marne Vesle carries out thd dehydration of lucerne, beet 
pulps or any other fodder material from the fonas of Its llY-""bers. It collects the different 
mater I a Is, and processes, packages, stores and markets thelll. 

The nominal cap6Clty of the dryers Is 45,000 I lters of evaporation per hour, which currendy 
serves to deal with 1800 to 2000 ha of lucerne, or 91,000 tons of fresh lucerne. 

Production of dehydrated pulps Is 12,000 tons of grcnules from 50,000 tons of C0111pressed pulp. 
The lucerne and pulp activities account for 65 J and 35 % of turnover respectively; with a 
total of about 30 mll llon francs In 1981. 

The cooperative bfneflts frOfll the technical assistance, research and developt119nt resources 
adlllnlstered at Chalons-sur-Marne by the France Lucerne group. 



The Marne Yesle dehydration cooperative has two drying druas of 28,000 l/h and 17,000 l/h evaporation. The 
spe<:lflc consumption of these dryers Is around 200 g fuel ol I equivalent per kl logreni of dehydrated product 
<or 680 kcal/kg moisture>. <the cooperative uses natural gas>. which Is a good starting point. 

The f111es produced and discharged at a t-perature of about too• C are loaded with water vapor. around 500 
to 600 g per •' air. 

Awere that adve1nces are stl 11 possible In the area of energy recovery, the cooperative Initiated research In 
1981 to recover the latent of the water vapor and to use It to predry the material to be dehydrated. 

n£ ANSVER 

The answer was provided by CEREX <subsidiary of the CERIC Group> which ~igned a recovery syst• ior the 
energy contained In the vapors. 

The spent gases are f I rst sent to a scrubber-saturater where they meet a countercurrent f I ow of atom I zed 
water, which ell•lnates a large share of the fines and saturates the gases with water vapor. The gasc;. then 
pass through a glass tube heat exchanger built by Sera Husson, where 75 to 80 j of the water vapor contained 
In these f111es Is condensed. The condensates are stored In a tank and then spread on the land surrounding 
the plant. 

The ambient air Is pulsed by hellcat fans In contact with the glass tubes, where It Is heated to a 
~perature of about 75° C. This wana dry air Is used to predry the lucerne or pulp entering the plant. 

These mater I a I are spread In a th I n I ayer < 20c:ll) on a perforated sta I n I ass stee I apron I 75 112 In area. us Ing 
a conwyor be!t actuated with back-and-forth llOtlon, and the thickness of the lucerne or pulp layer Is made 
uniform by rotary an1s. The lucerne leaving the first apron Is picked up by conveyor belts and redlspersed 
on a second Identical apron. These two aprons are traversed by warm air produced by the glass tube heat 
exchangers, with upward air flow, so as to •expand• the bed, a novel feature of the operation, thus avoiding 
excessive pressure drops. After crossing these two aprons, the spent air Is discharged, C0111pletely saturated 
with water vapor. at a temperature of about 30° C. 

Thanks to predrylng, 30 to 35 j of the moisture to be ellmlnated Is evaporated free : 

NEW AIR CIRCUIT 

DRYING CARPET 

I Predryer I Predryer I Finished I 
I I Inlet I outlet I product I 
1------~----1----~------1---~-------1-----------1 
I Lucerne or I 100 kg I 78 kg I 28 kg I 
I pulp I I I granules I 
1------------1------------1------------1-----------1 
I Mo I sture I 75 j I 68 j I I 0 j I 
I I I I I 

HEAT 
t:XC~ANGER 

NEW AIR SPIRAL BLOWER 



ENERGY BALANCE 

In 1982. during the lucerne and pulp seasons. the plant produced 37.000 tons of granules. Heat energy 
consumption was :>, 120 tons ol I equivalent. If the low temperature predryer had not been lnstal led. this 
would have been 7.!iJO tOE. Specif!:: heat consumption was 480 kcal/kg evaporated water. 

Extra electricity consmptlon was around 400 MWh or 100 toE In 1982, and 40 toE In the fol lowing years. 

Hence prl•ary energy conservation .ounts to 

7,530 - 5.120 ·- 100 • 2,310 toE In 1982. 

FINANCIAL BALN«::E 

lnvestllent outlay was 10 ~. Including 7.5 ~ for the main energy conservation equipment. 

NATURAL GAS CONSERVATION 
2,410 toE x 1,300 F/toE • 3,133,000 F 

EXIRA ELEClRICITY CONSllPTION 
400,000 kWh x 24.2 c/kWh s 

ADDITIONAL COSTS 
Wash Ing products and 11 ne • 
Manpower : 
Maintenance = 

97,000 F 

50,000 F 
90,000 F 

150,000 F 

ANNUAL GI.IN • 2,746,000 F 

Gross payback time : 3 years 7 110nths 

The survival of our activity wlll eventually require lllOre than 50 j energy 

Director of the Cooperative • 

• Why did you make these Investments 1 

vatlon. says M. 8enaut. 

- The price of energy has becOlle so high that It Is lndlspensal to cut energy consumption. Al I 
conventional techniques. such as recycl Ing and pretosslng·, are already employed In the firm, and 
enabled us to cut our specific cons1111ptlon by 30 S In C0111Parlson with 1978. To go further, we had 
to use new techn I ques app II cab I e to both beet pu Ip and I ucerne • 

• Do you plan to l11prove the efflclendy of your predryer 1 

- Yes. It Is poss Ible to Improve the operation of our new equ lpment and to approach 35 S energy 
conservation. by keeping below 460 kcal/kg water. This was effectively achieved In 1983. 

Right now, your plant runs on natural gas. Are you planning to use another energy source 1 

- Like fuel of I, gas has becaDe an expensive energy. and overal I conservation of 51) j wl j I perhaps 
be Inadequate to guarantee the survival of our act.lvlty Ir. the future. This Is why we plan 
substitutions by switching to coal. or possibly other energy sources. 

What probl•s did you encounter at the flnanclal lewl 1 

- Achieving this scale conservation requires costly lnvestlllents. It Is tt1et;.efore necessary to have 
considerable working capita I. The aid fraw Agence Fran~alse pour la Ma1trlse de I 'Energle was 
obviously very useful, but the Interest rates. and the professional tax that penalizes these 
lnvesflllents. are h11111perlng the spread of these operations within the profession. 



The stem contained In the f-.s l1tavlng the high tellperature dryer contains substantlal energy. aval lable 
after condensation. For the uln lnstal latlon. this represents 83.000 to 98.000 MJ/h depending on the 
throughput of the H. T. dryer <22. 000 to 28. 000 kl] water evaporated per hour> • 

After the partlal use of f11195 <:50 to 40 j> In 'the recycl Ing technique. 59.000 'to 75.000 MJ/h of heat 
reulns aval lable depending on the opera'tlng rate. This Is partly rec:o·~ by condensation <about 80 J> or 
50.000 to 63.000 MJ/h In ff• fora of hot air a1' 75• C <74 to 76>. 

The total heat balance depends on the specific efficiencies of the high and low talperature dryers. and the 
throughput of the H. T. dryer In accordance wl'th 'the heat exchanger dimensions. 

Given the exchanger. characteristics. calculated for an ec:onc:mlc optl- as • function of an H. T. capacl'ty 
al !owing • given production rate. •••- economy corresponds to 22.000 kg evapora'tlon Ir> the T.H. and 
1:5.000 In the L.T. This ukes : 

1:5.000/ <22,000 + 1:5.000> • 37 J 

If at 28.000 kg on 'the H.T., L.T. evapc-ratlon Is 14.000 kg, the econmy becales 

14.000! (28.000 + 14.000) • 3} J 

If a1' 26.000 kg on the H.T., L.T. evaporation Is 12.000 kg, the evaporation bec::amlts 

12.0001 <26.000 + 12.000> • " J 

The technical •anag91ent of such • syst• requires precise knowledge of the operating c:ondl'tlons 

- respective evaporation of H.T. and L.T. dryers 
- respec:the specific con5U11ptlon of 'the dryers 
- total specific heat consmptlon 
- characteristics of • mml>er of par..ters : 

• moisture content of fu.es 
• recycling rate 
• fresh air and spent air taiiperature 
• dew point 
• air flow rates 

These data can be analyzed by the equlp119nt controll4rs, or processed by •lcrOCC19Puter, capable of •giving• 
the results In synthetic fora. tables, graphs, etc, and also capable of running the lnstal latlon 
autaaatlcal ly. 

The al'ternatlve selected was to procure aid for con'trol, In the fora of data transmitted In plain lnnguage 
by a 1rolcroc::mputer, enabl Ing the operator to op'tl•lze the operation of the lnstal latlons In accordance with 
the objectives of productlvl'ty, energy conserva'tlon, etc. 

By par..eter sl•ulatlon, the sysfal thows the e.ffects of any corrections. 

OTt£R EXNFLES CF PREDRYING 

In recent years, sever a I other dehydrat I on p I ants In the Chmpagne-Ar<Nnne reg I on have acqu I red • predry Ing 
syst•. These lnst&•llatlons were built by Proml 11. 

The prlnclple Is pr~lcal ly the s.. as the CEREX process. Differences derive essentially from the 
construction of the predryl ng carpets : In the Pra1l II syst•, the carpets are of fabric <nylon>, they ere 
superlllpOSed, and the hot air traverses the layer of plants to be dehydrated In the downward direction. 

The first dehydration unit to adopt this technique, ~n 1978, was Socleti Suclere de Salnt-Genlall90nt In the 
Ardennes. This predryer, wh11 a carpet area of 124 • , has an evaporation capacl'ty of 5500 l/h, and recovers 
the f111es fre11 a con•ntlonal 12,000 l/h dryer. It cost 3 •II llon francs. Energy conservation Is around :50 J, 
or 1:500 tQE/year, and the overal I sp9Clflc con5111ptlon Is 500 kcal/kg water. 

The second lnstal latlon of this type was bul It at the Coopiratlve Agricole de Deshydratatlon de I 'Arne et 
Retourne at Pauvres In tlhl Ardennes. This predryer has an evaporation capacl'ty of 12,500 l/h, and the carpet 
area Is :500 .2. The energy conservation achieved by this Installation mounts to 2600 tQE per year since the 
1980 season. The Installation c:ost 8 ml II Ion francs at the ti•. 

, ' '~,, 
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ENERGY PRODUCTION 
FROM BIOMASS 

COMBUSTION 
OF COTTON SEED HULLS 
IN AN OIL MILL 
IN MALI 

PARTNERS IN THE OPERATION 

User : Huilerie Cotonniere du Mali (HUICOMA) 
KOUTIALA - MALI -

Prime Contractor: C.F.D.T. (Compagnie Franc;aise de Develcppement des 
Textiles) 
13 rue de Monceau 
75008 PARIS - Tel. (1) 359 53 95 

Builder : Ateliers F. MOCK 
BP No 159 
67042 STRASBOURG CEDEX - Tel (88) ~3-16-22 

For many years, most groundnut crushing mills had been using the hUlls 
available for the production of steam or electricity. 
But the use of cotton seed hulls raised serious problems of handling 
(very difficult substrate to transport) and cOlllbustion (ash, ur.burnts). 

The primary energy requirements of a cotton seed oil 11ill are split 11ore 
or less evenly between the production of electricity and ste1111 for the 
process. It therefore seemed a good idea to try to gasify the hulls to 
supply producer gils both to the generating set and to a burner. Since 
this technology was not fully mature, it was decided to carry out 
combustion in suspension, which totally satisfied the process stee11 
requ i rements. 
The use of hulls thus cuts the plant's specific fuel oil consumption by 
half. 



l - THE HUICOMA OIL MILL (Huilerie Cotonniere du Mali) 

Of the latest design - the plant went on stream two and a half years ago - this 
installation processes cotton seeds from ginning plants located in the cotton 
growing regions of Mali, and especially from the neighbouring region of Koutiala. 

Cotton production is supervised by CMDT (Compagnie Malienne de Developpement des 
Textiles), a semi-public c0111pany, part of whose capital is held by CFDT (Cumpa
gnie Franc;aise de Developpement des Textiles), which provides technical and 
financial support for the HUICOMA operation. 

This new oil mill produces oil and animal feed fr.HD cotton seed, as well as a 
large quantity of wastes in the form of cotton hulls. 

The processing capacity is 300 t/day, yielding an average of 

150 t/day hulls, 
60 t/day unrefined oil, 
90 t/day oil cake . 

• The last crushing season (1983/84) processed 45,000 tons of seeds to produce: 

7,500 tons of neutralised oil, 
15,000 tons of oil cake, 
22,000 tons of hulls . 

• The oil is first extracted r.echanically (30 t/day) to a residual oil content of 
15 I, and the rest of the oil is extracted by sol vent (30 t/day) using hexane. 
The oil is then treated to eliminate acidity (addition of caustic soda) and then 
r·i nsed by hydrccyc lone. The unref foed oil is conswned locally, or sold for 
refining in Europe or to SEPOM (Societe d'Exploitation des Produits Oleagineux du 
Mali), because the plant does not perfonn any refining . 

. The protein-rich extraction residue is exported (mainly to the EEC) in the form 
of cotton seed oil cake, or reduced to meal and mixed with cotton hulls to yield 
animal feed that is very popular with Malian breeders : 50 tons/day of hulls are 
used for this purpose. The distribution between these two product lines 
rapresents a compromise depending on governnental decisions. For the 1983/84 
season, 11,500 tons of oil cake were exported and 30,000 tons of mixed feed sold 
locally . 

. The export of o·d cake is more profitable, although world prices are subject to 
wide swings. But the scale of the livestock population of Mali and the 
difficulties faced by the breedet·s to feed their lhestock have led the 
Goverruent to emphasise self- sufficiency ; the capacity of the "animal feed" 
line will therefore be doubled. This means that ultimately, 100 t/d~ of hulls 
will serve to roduced 240 t d of ani111l feed (mixture of hulls and cotton seed 
mea , current y S? on e omest c ma e a 1,250 MF (Mali francs) per bag of 
50 kg. 



2 - ENERGY SUPPLY 

a- The Alternatives Selected 

When the plant was in the design stage, it was alreacly decided to use cotton seed 
hulls, a fuel with an out standing heating value of l,900 kcal /kg, to cut the 
plant's fuel oil conSUfllPtion. The 3 generating sets and the boiler installed are 
designed for dual fuel oil operation, and are all able to run to 85 i capacity on 
producer gas from the hulls. 
The first offer picked by CFDT was to install gas generators burning C0111pacted 
hulls, which were to be developed in France by the Duvant Company and its 
subsidiary Sermie. 

Due to the cost of tests in France and the difficulties raised by this type of 
fuel. both in tenas of c011pacting and gasification, the project was abandoned. 
Nevertheless, the possibility remained of using 50 T/d!I of hulls, corresponding 
to the process heat requirements of the plant, provide a suitable boiler couli 
be developed. 

b- Requirements 

The 11axi11U111 electricity demand set up in full season is 

- 800 kW for for crushing operations, 

- 250 kW to produce oil cake and animal feed, delivered in the form of pellets, 

- 120 kW for auxiliaries and acc0111Dodations. 

Electricity wil 1 continue to be supplied by the three Duvant dual sets (3 x 640 
kW) bu1·ning a mixture of diesel (70 i) and fuel oil (30 T.). They are currently 
running at 60 i of capacity, and half of the electricity generated is sold to the 
neighbouring cotton ginning plant. Consumption of petroleum fuels to generate 
electricity is 10,000 1/d~, including 5,000 1/d~ for the specific needs of the 
oil mil 1. 

Process steam requirements amount to 3 T/h of steam at 15 bars and 200• C. During 
the first two years these requirements were supplied by the dual fuel ofl boiler 
(burning fuel oil only) which consumed about 5,000 litres of fuel oil per d~. 
Thus the present hull fired boiler supplants the previous boiler. Its capacity is 
_2.5 T/h of hulls yielding up to 6 l/h of steam. 

The plant's specific consumption before the installation of the boiler was 35 1 
of hydrocarbons/ton proce~s (or about 10,000 1 itres daily for about 300 tans 
processed). This will cut by half by the c011111issioning of the boiler. 



3 THE HULL FIRED BOILER 

The most difficult problems faced concerned hull storage, 
transport and feed: 

A hull silo was specially designed by CFDT 

The hulls are conveyed by screw conveyor 

Boiler feed is air-actuated (FAMA system}. 

The hulls are blown into the hearth on a board that can be 
guided for optimum distribution ~n the grate. 

Combustion takes place in suspension by the injection of 
primary air below the grate. The entire hearth i& kept 
in slight negative pressure by the draught fan. The boiler 
was built by Ateliers F Mock. The boiler heat efficiency 
is around 80'%. 

4 ANTICIPATED COST BALANCE 

The fuel oil economy realised is thus 5,000 l/day at the 
price of 300 MF/l, or about 1,500,000 MF/day. The number 
of days of annual operation varies widely according to ye~r: 

120 in 1982/83 for 36,000 tons processed (startup year). 

150 in 1983/84 for 45,000 tons processed ("normal" year). 

On the relatively pessimistic basis of 135 days/year, annual 
conservation would amount to about 200,000,000 MF. Total 
capital investment is about 300,000,000 MF, including 
130,000,000 MF for the boiler itself. The gross payback 
time of capital expenditure is 1.5 years, making the project 
highly profitable. 

AGENCE FRANCAISE POUR 
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ENERGY PRODUCTION 
FROM BIOMASS 

WOOD SCRAP 
FIRED BOILER 
FOR 
GREENHOUSE HEATING 

PAll'.llfEllS IN THE OPF.llATION 

User 

Installer 

; Etablisseaent Horticole Braun 
"La Brande" Route de Ve11~s 
36330 - Le Poinconnet - Tel (!~) 34.55.87 

: Entreprise Pastier 
36 rue de He:z:on 
87000 Limoges - Tel (55) J0.56.',4 

Since 1981, the 10, 000 a2 of greenhouses of Etablissuaent Braun, nea1 
Ch4teaurou:z:, have been heated using a nev aut<'IUltic boiler burning wood 
scrap. It helps re~lace 570 tons of fuel oil prev!oU.ly used by 8,000 al 
o.t wood scra;. that the fira collects f:ro• the wood processing plants in 
the region. Investment outlay vas 1,100,000 f (1981' Investaent payback 
tille is around 2 years. . - ' · 

THE COMPANY 

Etablissement Braun va11 formed i·-' 1968 ar.d bad 1,000 a2 of glass 
hothouses. It was gradually e:z:pand6f! .. and '-he prograa was coapleted in 
1979 with a total area of about 10,000 m2. 

its aain products are the follovin~ 

- Nepb::olez,ts (fel'D8) 
- Picua 
·· Apbelandra 
- Others 

: 80,00G plants per year 
: 2S,?CO_plauts per year 
: 40~000 plants per year 

53,000 plants per year 



'DIE PR.OBI.EK 

Tbe production of potted plants is one of the aost energy intensive of call 
cu1tivatlon under glass. l1le haraonious growth of the plants requires a perfectly 
controlled ataosphere that ensures that the light, aoisture and heat requirements 
are satisfied. 

Until 1981, beat was produced at Etablisseaent Braun by a boil.:.&: ~urning heavy 
fuel oil. :Energy consuaption was around 2500 KJ/a2 (600 tOE ha). 

Tbe steadily growing prices of this fora of energy aade the operation less and 
less profitable. ln early 1980 energy accounted for over 30 % of production cost. 

To reaain in a~tivity, it was necessary to find a cheaper alternative. 

A large forest area exists south of Cb!teauroux including the state forest of 
Cblteauroux. Many sa1mill4J and joiners' shops are established in this area, 
producing large quantities of coabustible scrap (bark, sawdust, miscellaneous wood 
wastes) that are difficu1t and soaetiaes costly to dispose of (subject to 
authorized duaping}. 

Faced with the availability of these wood vastc:s, Etablisseaeat Horticole Braun 
decided to insta!l a sawdust and wood scrap fired boiler. It features a scrap 
grinding systea and automatic feed. It is equipped with partial fUJle recycling, 
that helpF. to predry the wastes before feeding tbea to the boiler. 

This new installation required the construction of a scrap storage building to 
guarantee self-contained operation of about 11 weeks at full capacity. 

The establis!ment uov bas four 30 a3 skips which it makes available to the woO<i 
SCJ"ap suppliers. The loaded skips are picked up and convey.ad to the greenhouse. 
Since the serap supplies are located within a radius of 25 ka, transport costs are 
relatively low. 



Et~EB.GY BALANCE 

The old heavy fuel oil fired bollerhouse was dis11&D.tled and apart fro• a few 
liters of hoae heating oil required to start up the sawdust boiler in case of 
prolonged shutdown, all requirements are met by wood scrap. 

'Ibis means that 570 tons of heavy fuel oil baYe been replaced by about 8,000 al of 
wood scrap (sawdust, chips, etc.) costing about 12 F per al (price of scrap + 
transport). 

PB.IKARY ENERGY REPLACED 560 tOE/year 

The fuel consumption ~f the truck performing the shuttle between Etablissement 
Braun and the wood scrap suppliers is not taken into account, because it is auch 
lower than the consuation of the large tankers that transported heavy fuel oil 
froa the refinery to the undertaking. 

FIHANCIAL BAI.ARCE 

The total cost of the operation amounted to 1,100,000 francs exclusive of tu 
(1980/81). 

'l'his is broken down as follow : 

Boilerhouse 10,500 KJ/h : 6l8,000 F ex tu 
Scrap storage : 102,000 F ex tax 
Scrap transport (skips) : 116,500 F ex t~ 
Civil works : 24l,500 F ex tax 

The new fuel costs 12 F/al 

I 
I 
I 

FAergy conservation 570 t of P02 

Cost of fuel availability 
(wood scrap) 8.000 •l/year 

.~AL OPERATING GAIN 

Cuaulative 

1981 

650,000 p 

- 96,000 p 

554,000 p 

The groBB payback period of the investment is tvo years. 

1982 
(Porescasts) 

710,000 p 

- 96,000 p 

614,000 p 

1,168,000 p 



SEIZING THE OPPOB.ruBITY (Interview of K. Braun, Manager) 
• Why use wood 7 

- In a radius of 25 ka, 1181lY saWllill.s produce wood scrap. The total potential is 
esti.aated at 15, 000 al of sawdust and chips and 25, 000 al of bark, which the 
sa-1lls have tremendous probluu getting rid of. We bad to seize this 
opportunity to dispose of heavy fuel oil and its steadily growing price. I did 
this in 1980 by deciding to insta11 the new bo11erhouse • 

• What kind of developaent'probleas did you encounter 7 

- At the beginning, we planned to use a fuel consisting of a aixture of 50 % 
bark and 50 % sawdust and chips. Bark bad to be abandonned although it was 
coapletely free. This is because it introduces so11 into the firebox, raising 
serious coabustion probleas. Koreoyer, the bark bad to be ground, entailling 
additional operating costs. Although the 1980-81 season was an uncertain year 
due to the probleas we faced, 1981-82 vas perfectly successful, and we expect 
this to continue. 

• Other projects 7 

- Insofar as t:he new boi1er supplies a11 the needs of ay operation, ay concern 
is now to l'...aortize the installation aore rapidly. It vas calculated to aeet 
all requirements even in the coldest weather, so that it practically never 
operates at full capacity. We are currentl/ e'!QIW1ning a plan to supply energy 
to the neighbouring operation in the off-season period. 

AH OTHER. EXAMPLE : 
SDAV FIRED BOII.m FOil GREP.NHOUSE BUTDiG 

K. Daniel Durand, an horticulturalist at Baconnes in the Kame, replaced his home 
beating oil fired boiler in 1980 by a straw burning boiler to beat his 916 a2 of 
greenhouse area. 

1'bis boiler, with a capacity of 1700 HJ/hour, is equipped with an autoaatic feed 
systea (vibrating belt, Archilledes screw). The boiler is fed with round bales at a 
rate varying with cliaatic conditions : 2 per day in nomal periods to 7 per day 
in very cold weather. 

K. Durand, who is also a farmer, bas no lack of straw, and only bas to pay for the 
gathering and storage of this straw. 

In this way, 63 al of home heating oil were replaced by 150 tons of straw. 

F.IHANCW.~: 

Investaent outlay : 164,500 F (1981) 

Puel conservation 65,000 liters of DFO 
Cost of straw (200 F/ton) 

1982 

140,000 F 
- lO,GOO F 

Operating gain in 1982 110.000 F 
Groaa payback ti• : l and 011e-balf years 

AGENCE FRANCAISE POUR LA MAITRISE DE L'ENERGIE 
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ENERGY PRODUCTION 
FROM BIOMASS 

FRANCE: 
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CONTINUOUS METHANE PRODUCTION 
FROM HOUSEHOLD WASTE 

User: Syndicat kixte d'Amenagement du Voironnais 
Treatment and Recovery Center (Household Waste) 
la Buisse 

Design: 

389~0 LA SUISSE 
France 

SCOP CARENE 
26, rue H. Duhamel 
38100 GRENOBLE 
France 

Construction: S.A. VALORGA 
Z.I. de la Lauze 
34430 ST JEMI DE VEDAS 
Francf> 



Urban household waste, traditionally 
considered undesirable, has always been 
discarded. The primary concern of municipal 
authorities has been to dispose of waste 
as cleanly and inexpensively as possibl~. 
P..ecently, however, large towns and cities 
have been examining ways to reduce disposal 
costs by making more rational use of waste, 
either in agriculture or in energy prodoction. 

In practice, the treatment techniques 
adopted have been those with the best 
economic performance. An essential criterion 
is the size of the town or city concerned: 

• In small towns (under 10,000 inhabitants, 
or 3,000 tonnes o! ~.ousehold waste per 
year), controlled dumping is still the 
least expensive solution. 

• In large cities, economies of scale make 
it profitable to incinerate waste and 
recover energy in the form of heat. 
This method is especially viable in cities 
where urban heating programs exist. 
Otherwise, the threshold of profitability 
is around 300,'JOO inhabitants (I00,000 
tonnes per year}. 

• In medium-sized towns, incineration is 
not profitable, dumping poses environ
mental problems, and aerobic composting 
of household waste presents marketing 
d!ff iculties due to inadequate separation 
of plastics from the compost. Here, 
the best solution appears to be methan
ization of waste whereby it is pos~ible 
not only to recover energy from ferment
able matter (biogas) and combustible 
matter (heat from incineration), but 
also to use digested organic matter in 
farming. 

the challenge 

The town of Voiron (lsere department, 
France), is a representative example of 
a medium-sized town. Its 25,000 inhabitants 
create 16,000 tonnes of household waste 
every year. The town has no communal 
heating facilities and is situated in a mount
ainous area: heat recovery from incineration 
would thus be pointless, and the few avail
able dumps rapidly reach saturation. Methan
ization of this waste is thus an ideal solution. 
The design of a methane production plant 
does, however, pose a large number of 
problems: 

~-

D. 

18. 

19. 

1. Mechanical grab 8. Scrap 
2. Feed hopper 9. Weigh 
3. Collection pit 10. Mixer 
4. Sorting line 11. Diges 
5. Coarse rejects 12. Gas h 
6. Crusher 13. Boile 
7. Magnetic separator 

• It is both difficult and costly to sort 
waste before processing. The plant must 
thus be capable of proce~sing raw waste. 

Economic factors make it necessary 
to minimize tank size and to ~aximize 
biogas productior by redl!cing internal 
consumption of energy that is used as 
process heat. These factors point to 
continuous fermentation of waste in 
'dry process', with waste being diluted 
only slightly and retention times being 
kept as short as possible. 

• In order to be able to utilize the digested 
product in agricultural applications, a 
finishing line is required to separate 
and condition the organic matter contained 
in the digested waste. With these object
ives in mind, the Syndicat Mixte d'Ame
nagemen! du Voironais (regional planning 
board) commissioned the design and con
struction of the world's first continuous
process, high-concentration, indusrr ial 
di ester. The unit was designed by Carene 
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14. Se·;:tling tank 
15. Screw-type press 
16. Breaker 
17. Liquor pump 
18. Trommel screen 
19. Plastics 
20. Digeste~ substrate 

the response 

Every year, the La Buisse plant, near 
Voiron, processes 16,000 tonnes of household 
waste - 8,000 tonn1;.:s for composting and 
8,000 tonnes (22 T /day) for methane produc
tion. The process is in three stages: 

preliminary processing in a crusher to 
reduce fragment size to 50 mm, on a 
simple sorting line (scrap metal removal 
by magnetic band, followed by screening), 
and in a mixer to increase moisture con
tent of the waste by recycling digestion 
liquor. The mixing phase rerluces dry 
matter content from 65 to 35%. 

DRY DIGESTED 3UBSTRATE 
LEAVING REFltlING LINE 

. fermentation (digester volume: 500 m,) 
in a cylindrical tank within which the 
substances make one complete rotation 
during their two-week retention time. 
The novel feature of the Valorga process 
is the pneumatic transportation sy~:tem 
which maintains the substances in constant 
motion whiie they are stirred continuously 
by the biogas itself. Biogas productivity 
is particularly high, reaching an average 
of 5.5 m' per cubic meter of tank capacity 
per day, or 125 m' of gas per cubic meter 
c,f raw waste treated. 

. refining in a press for extracting liquid 
from the digested substrate (30% dry 
matter) to IE:ave an organic mass with 
70% dry matter. The liquid is recycled 
to the preliminary process line. The dry 
organic product is sent to a breaker 
and trommel screen, where iPert matter 
is removed. The remaining high-energy 
waste is then ready to be sold. The methan
ization process ~ives the product physical 
properties whereby it is much easier 
to remove inert matter than it is from 
raw waste. 



energy breakdown 
For one tc.nne of household waste pro

cessed [I): 

Coarse rejects from preliminary line -- 50 kg 

Biagas, CH
4 

content: 65~ (5.6 th/m'l ••••• 125 m' 

Inert rejects from refining line 

0 th/m') ·-

Refined digested substrate 

( 70"; dry matter '.:"onteut) 

250 kg 

410 kg 

Thus, 70% of the 300 kg of rejects can 
be considered usable through incineration, 
since their heat value (3 th/kg) is almost 
twice as high as that of raw waste (l.6 th/kg). 
The quantity of energy produced depends 
on whether heat value (HV) is considered 
or whether actual efficiency (AE) as a 
function of energy availability (EA) is taken 
into account. 

The breakdown per tonne of household 
waste energy is as follows [I]: 

Incineration ••••• 

Methanization 

Biogas 125 m' 

Rejects 210 kg 

TOT AL RECOVERED 

TOTAL (PO r£NTIAL) ••••• 

HV A£ EA 

(th) (~) (th) 

1,1,00 70 1,120 

69'> 100 69'> 

650 70 440 

1,32) 86 1, 136 

1,600 71 1, 1 36 

(f)}t;'l.16 kWh=-frr4 HI =7 .13 to-4 Hf£=4 10-J BTIJ. 
(2) 1 iJ) $='}Fl- 1'10'+. 

AGEf\JCE FRANCAISE PUG;-? 
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cost breakdown 
At present, the Voiron plant processes 

8,000 tonnes ol raw waste per year to pro
duce 4,000,CiOO mJ of biogas with 65% me-

thane content (5.f x 106 th, or 556 TOE 
[I)), 1,680 tonnes of combustible rE:jects 

(3.5 x 106 th, or 353 TOE available) and 
3,280 tonnes of digested substrate with 
70% dry matter content. 

The situation in Voiron is unfavorable 
because: 

Heat from the combustion of rejects 
is not recovered. 

The biogas is not used in 'high-energy' 
applications (electricity or carburation). 
The French Gas E\oard purchases 2,000 mJ 
per day (73% of output) at FF 0.12 per kWh 
(FF 1,390 per TOE). 

The refined, digested substrate is sold 
at FF 80 per tonne. This price corres
ponds to 'bottom-of-the-range' soil condi
tioners, while the substrate in fact falls 
into the organic-mineral fertilizer category. 

Investment co:.i:. are broken down as 
follows: 

Primary process line ......... rr 1,9'>0,000 

Methane production ••••• rr 3,550,000 

Refining line ........ rr 1,500,00!J 

Civil engineering and buildings rr 2,200,000 

Distribution to Ga"> Board rr 500,000 

fOTAL .......... rr 9,700,00(] 

Estimated annual costs with a rate 
of discount of 10%, amortization' over 15 
years, and taking into account a 30% invest
ment grant, are broken down as follows [2]: 

P.xpr.ndilure rr.vcnur. 

Amort.i1ation ...... ff H'l2,2fl6 

Maintcnanre, manaqe-

m~nt, and P.nP.rqy nltlf'!r 

lhan bioqa~ ..... fl 'l'J0,0011 

f)irir,r rrt 'uh,,t ml r. 
-;;th!r, ..... fl 21.2,4fl[) 

(;rtri ~a Irr, ff ',f,4,'JH', 

llAI f.NC'I fl 1,014,B2Cl 

Thi~ dC'f1c1t c<1r1 bt' t·xpr<'..,~<'d LI~ pro
' C's~ing co~t~ of <lpprox1mJtcly FF 12~ per 
to1111r of raw hou~chold wa~tc. 

1..A MAITRl5E DE L'ENERGIE 
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