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Preface

The present publication consists of papers and results of case studies submitted to the Symposium
on Development and Utilization of Biomass Energy Resources in Developing Countries, held by the
United Nations International Development Organization (UNIDO) at Vienna from 11 to
14 December 1995. The objective of the Symposium was to facilitate a dialogue between technologists,
technocrats, scientists, decision makers and potential donors, in order to promote and identify biomass
energy technical assistance and investment projects. The Symposium was convened under the overall
direction of A. Tcheknavorian-Asenbauer, Managing Director, Industrial Sectors and Environment
Division of UNIDO.

Volume I of the publication presents the opening statement and keynote addresses of the
Symposium, and includes 21 papers. Fourteen countries are represented thus giving a broad perspective
on the development and utilization of biomass energy resources. The papers are organized into six parts,
each dealing thematically with the topic of the Symposium. The last part summarizes the outcome of a
round-table discussion held at the conclusion of the Symposium. The contents of each part are outlined
below. ‘

Part one, consisting of six papers, provides an overview of the development and utilization of
biomass energy in the following six regions: Africa; Asia; Asia-Pacific; Central America; central Europe;
and eastern Europe. Particular emphasis is given to identifying regional biomass energy resources,
establishing the extent to which the resources are utilized and determining the technologies currently
applied to the enhancement of biomass resources and their conversion into energy. The papers further
discuss the policies and strategies governing, as well as the barriers limiting, the development and
utilization of biomass energy resources.

Part two, consisting of six papers, deals with technologies for the enhancement and conversion of
biomass resources. The first three papers focus on issues related to the enhancement of biomass energy
resources. Problems associated with the lower energy density of biomass and its lower concentration
relative to fossil fuels are discussed, and situations in which advanced technologies for the enhancement
of biomass resources should be developed are identified. Those situations are then assessed from a
pragmatic perspective on resource enhancement. Finally, technology options are critically reviewed.

The fourth paper examines the main existing and innovative technologies for converting biomass
into electric power or heat. The status of conventional versus advanced technology in a few developing
countries is reviewed. Finally, major.technology options are covered in detail, and criteria for their
effective application in developing countries are discussed. The next paper provides detailed coverage
of two biomass conversion technologies: circulating fluidized-bed combustion and circulating fluidized-
bed gasification, both designed and developed by Lurgi. In addition, criteria for the selection of either
technology are discussed, and a procedure for transfer of the technologies to developing countries is
proposed.

The last paper in the section deals with the issue of technology transfer. A new perspective on this
complex process is presented, involving a systematic approach to establishing a complex technological
capacity in a given field. A successful project in East Africa is described to support the arguments for
the new perspective.



Part three, consisting of two papers, covers funding sources and mechanisms. The first paper
examines the technologies and fuel risks that are unique to biomass energy projects, and summarizes the
public financing sources and support that are available to assist in dealing with the unique risk profiles.
The paper also presents potential strategies that the developer of a biomass project could apply in seeking
the involvement of, and negotiating with, local governments and public financing agencies.

The second paper discusses financing hurdles and other problems facing biomass utilization in
developing countries. In order to promote market penetration by technologies designed to achieve
widespread and efficient use of biomass, the paper emphasizes the need for intervention by Governments
or by the Global Environment Facility. To accelerate the flow of private capital, the paper proposes joint
implementation of biomass technology projects by industrialized and developing countries.

Part four, consisting of four papers, is concerned with the environmental economics of biomass
energy utilization. The first paper focuses on the environmental, social and economic benefits of
sustainable development and utilization of biomass energy. The second paper gives a perspective on the
role of biomass energy in the ecosystem, and discusses the technical, institutional and social barriers that
must be overcome.

The third paper presents a cost comparison between biomass and coal as feedstocks for production
of electricity and liquid fuels using advanced conversion technologies in developing countries. The last
paper looks at the external costs of electricity generation-costs not included in the market price
mechanism. Those costs are divided into two categories: environmental external costs; and non-
environmental external costs. The paper details environmental and non-environmental externalities, and
discusses various strategies for internalization of external costs of conventional forms of energy,
including emission taxes and tradable emission permits.

Part five contains three special papers. The first presents a historical overview of fuel oil from
Jatropha plants in Africa, focusing on the approach used to overcome problems during the
implementation of a pilot project in Mali. In addition to information on the use of plant oil as fuel, the
paper provides a perspective on the positive environmental, social and economic effects of such use, and
describes a technology transfer approach that encourages the local production of the required equipment,
and concentrates on training and dissemination of the relevant know-how. The second paper explores
the potential for the utilization of oil crops as an energy source, focusing on the use of untreated
vegetable oils, particularly rapeseed oil, for that purpose. It then reviews the process feasibility aspects
and future possibilities for the use of vegetable oils. The last paper reviews the current and future role
of biomass energy in the pulp and paper industry. It further considers the likelihood of the pulp and paper
industry serving as an important early market for advanced biomass-based cogeneration technology.

Part six provides a summary report on the consensus and conclusions reached during a round-table
discussion, held at the conclusion of the Symposium, on the need for, and identification of, technical and

investment projects in the field of biomass energy.

Volume II of the publication presents the results of three UNIDO-sponsored case studies conducted
in Brazil, the Philippines and Romania. The results were presented at the Symposium.
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OPENING STATEMENT

M. de Maria y Campos

Director-General
UNIDO

Ladies and Gentlemen,

On behalf of UNIDO, I would like to warmly welcome you to the Symposium on Development and
Utilization of Biomass Energy Resources in Developing Countries. :

As you may have heard, UNIDO has just concluded a somewhat difficult General Conference, and
the management is preoccupied in setting a course for the Organization in the circumstances it will
encounter over the next bienniumWhile UNIDO has encountered difficulties, we are happy to report that
despite those difficulties, our Member States approved the Organization’s programme of work for the
next two years.

For the past two years, UNIDO has been engaged in a reform process. We are the first United
Nations agency that has taken up the challenge of responding to the new global situation and have
accordingly reformed the organization to concentrate on a focused programme with greater impact. As
a result of our reform process, it is clear that we have to exercise our mandates in support of the
industrialization of Africa and the LDCs. In that context, you would agree with me that one of the
important elements is the supply of energy in support of the industrialization in those countries. Not only
must the supply of energy be ensured, but it must be done in a manner that is both economically viable
and environmentally sound.

Countries such as the LDCs have seen a lot of deforestation and degradation of landscapes and the
environment as a result of a lack of energy that led people to act without considering the technological
alternatives or the consequences for ecosystems. This in itself is quite alarming, and we cannot remain
silent, knowing that to improve the quality of life for the people, countries require energy to facilitate
industrialization and, thus, economic growth.

The major evolution in recent industrial development patterns is that industrialization is placed in
the context of several parameters such as environment and social issues. Today, environment is quite a
complex issue. Therefore, UNIDO is obviously needed more today, especially by those regions and
countries which plan to be industrialized in the twenty-first century. By providing them with the
necessary information and technological know-how and also assisting them in building capacities,
UNIDO could support their efforts to achieve industrialization in harmony with their environment and
social requirements.

In the light of this, UNIDO’s mandate in the next decade will be sustainable industrial development.
This would encompass not only environmental concerns but also energy supply systems that are
harmonious with the environment. As industry is one of the major consumers of energy, the first step to
be taken is to generate energy that is environmentally sound, so that industry can be sustainable. This
is why we are holding this symposium on the utilization of biomass energy. We are very happy that you
have responded positively to our invitation to participate. This will provide us with the benefit of your
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experience and your know-how in determining to what extent and how we could introduce this energy
source into the development patterns of developing countries.

_ Many people will ask why UNIDO is now involved in energy and why we were not so much
involved in energy 10 or 20 years ago. We have come to realize that while many institutions and
organizations were looking into energy matters, they were not really looking into energy for
industrialization. Most organizations were involved in energy-related infrastructural issues, but very little
attention was devoted to energy for industrialization. Therefore, my organization has decided that, if we
are to have success in industrialization, we have to emerge as a player in the field of energy.

In support of the intent just stated, UNIDO participated in the First Conference of the Parties to the
Framework Convention on Climate Change at Berlin in February, and we are preparing, at the request
of the Group of 77, a very important study to identify, inventory and assess technologies that are
conducive to reducing emissions of greenhouse gases in energy-intensive industrial sectors. Your
contribution to this symposium will also help us prepare that study.

So with these observations, ladies and gentlemen, I would like to conclude my remarks and wish
you fruitful and spirited discussions during the following days. Thank you.



KEYNOTE ADDRESS

A. Tcheknavorian-Asenbauer

Managing Director, Industrial Sectors and Environment Division
UNIDO

Mr. Director-General, distinguished experts, participants, colleagues from United Nations agencies and
UNIDO,

In addressing you this morning, it is my pleasure to provide you an overview of the substance of
this important symposium.

The world’s growing energy demands are by now well understood. Most projections indicate that
world energy demands will triple over the next decades. It is also common knowledge that over the same
period, developing countries will account for about 40 per cent of world energy demand, as opposed to
their current share of 25 per cent.

Against this backdrop of demand, we will have to confront global and local environmental stresses
posed by fossil-fuel-based energy supplies. Were increases in demand to be met by fossil-fuel-based
resources and the current technology, we could face a significant increase in emissions of global
greenhouse gas from present-day levels. In all likelihood, that situation would cause severe disturbances
in the planet’s ecosystems.

Yet again, we have to consider that the growth in energy demand in developing countries, if based
on current patterns of resource utilization, would perpetuate their dependence on imported energy. That
dependence would diminish the prospects for investment in other sectors of their economies.

UNIDO efforts on environmentally sustainable industrial development cannot be divorced from the
question of environmentally sustainable energy supplies. With industry being a large consumer of
energy, industrialization patterns could exert a profound influence on the economics and the ecological
effects of growth in energy supplies.

Against this context, UNIDO regards this symposium as a new beginning-a beginning in the sense
that we wish to initiate a long-term global programme in the field of energy and industrialization based
on consideration of the economics, technologies and environmental sustainability of energy supply
systems.

The use of biomass energy lends itself as a particularly interesting point of departure in this respect.
Biomass resources are both varied and abundant in developing countries, technologies for the utilization
of biomass are evolving, and if properly managed, biomass-based energy systems could demonstrate
significantly better environmental results than fossil fuels. We could significantly increase energy self-
sufficiency and reduce environmental stress if biomass resources could play a more important role in the
global energy mix.

However, the realization of the full potential of biomass-based energy is inevitably conditioned by
the quality and type of energy resources available, the compatibility of technologies with different fuels
and the resultant financial or economic viability of the biomass energy system.



Broadly stated, UNIDO sees the biomass-energy system as having three components. The first is
the resource supply component, the second is resource enhancement and the third is the utilization of
biomass in energy generation. UNIDO can assist developing countries in the choice, assessment,
adaptation and demonstration of technologies for each of the components.

Regarding the question of resource supply, the sheer variety of biomass resources presents
important and varied problems, whether in relation to the trade-off between food and energy in
agricultural sectors or the sustainability of forest resources. To the extent possible, we must develop and
generate biomass resources that support the sustainability of agriculture and natural ecosystems.

The enhancement of biomass resources, the second component of the system, is crucial insofar as
enhancement technologies will determine the cost/energy yield ratios of those resources. While
technologies are developing at a fair rate, there is a need to assess and match technologies to different
resources and also to the economic and environmental factors that prevail in different countries and sites.

Thirdly, the utilization of biomass resources presents an amazing diversity of applications, ranging
from household energy to large-scale commercial generation of electricity. Here we need to capture and
enhance energy yields in each application. Measures in this respect range from improving the efficiency
of domestic stoves to adopting higher energy conversion technology for commercial generation of
electricity.

All three system components offer great scope for international cooperation among actors such as
UNIDO, governments, technological institutions and the private sector.

In recognition of the scope for cooperation, our symposium has been segmented into distinct themes
to be dealt with in seven sessions:

» In sessions 1 and 2, we hope to provide a foundation for our discussions by reviewing regional and
national opportunities for, and constraints on, enhancing the utilization of biomass energy.

» Session 3 is intended to deal with the state of the technologies that can best capture the energy
potential of various biomass resources.

« In sessions 4 and 5, we will review key issues in the financing and environmental economics of
biomass resources.

» Session 6 will deal with the potentials of selected special fuel sources in various regions of the
world.

» Session 7 is intended to identify sﬁategic areas in which UNIDO could support the development
of biomass energy projects.

While I had earlier mentioned that this symposium is a new beginning, I would hasten to add that
biomass energy is not an entirely new topic for UNIDO. We have had several individual projects
assessing or demonstrating various technologies in several countries, and recently we launched a biomass
energy programme for the African region. '

Our new beginning means a difference in our approach. We hope, in this symposium, to launch a
strategic programme based on an overview of energy systems on the one hand, and on the other, on a
recognition of the global imperative to mitigate climate change and reduce greenhouse gas emissions.
Thus the difference is one of perspective.
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In closing, I wish to express my personal thanks to all the high-level experts and to you, the
participants, for accepting UNIDO’s invitation to join in this endeavour. I wish you all success in this
symposium. I am confident your deliberations will enrich UNIDO’s understanding of the issues, as well
as guide us in our work in the years ahead.

Thank you for your attention.



KEYNOTE ADDRESS

Heinz Kopetz
Director, Landeskammer fiir Land- und Forstwirtschaft Steiermark, Graz, Austria
Chairman, European Biomass Association, Paris, France

It is an honour for me to be invited by UNIDO to present my ideas on biomass as a source of
energy. I thank you for this invitation.

I work at the Chamber of Agriculture and Forestry in southern Austria. For one year now, I have
also been Chairman of the European Biomass Association (AEBIOM).

Fifteen years ago, the Austrian Chamber of Agriculture, with the support of the Ministry of
Agriculture, started to focus on green energy-biomass energy. Today, many organizations, as well as
individuals and public institutions such as municipalities and federal governments, pay more and more
attention to the development and utilization of biomass energy.

Figure I shows the potential for the development of biomass energy in Austria. Presently, the
contribution of biomass energy to the Austrian energy mix amounts to about 13 per cent, which is the
third highest contribution in Europe, after Finland and Sweden. It is AEBIOM’s objective to double this
contribution within the next 20 years.

On the European level, however, biomass energy does not play a significant role (table 1). AEBIOM
has just prepared a report, "Strategies for biomass", analysing the possibilities and potentials for the role
biomass energy can play in the European energy supply. The results indicated that possibilities exist for
increasing the contribution of biomass energy to the energy mix in the European Union from the current
3 per cent level to 20 per cent within 30 years, by raising production and the sale of heat, electricity and
biofuel (figure II).

Why is it imperative to increase the biomass energy contribution
to the energy mix in Europe?

The urgency arises from the following:

» The energy system in Europe is not sustainable- 84 per cent of the energy supply comes from non-
renewable energy sources such as fossil fuels. Deposits of non-renewable sources are finite, and
they will be exhausted, be it in 40, 50 or 60 years.

« The use of fossil fuels is harmful to the environment. For each tonne of oil burned, 2.8 tonnes of
carbon dioxide (CO,) are discharged to the atmosphere. In the European Union, the annual CO,
emission amounts to approximately 3,300 million tonnes. Thus, without doubt, the increase of
greenhouse gases in the atmosphere and the expected global warming are mainly due to the present
energy system. Concerning the climatic evolution, it is of no consequence whether CO, emissions
stem from a house heated with gas, a coal-fired plant or a car using petrol. There is no question that
maintaining the present energy systems will endanger the living conditions of future generations.



Figure I. Development of renewable energy
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Figure II. Possible development of biomass in the 15 countries of the European Union
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Table 1. The supply of biomass

1992 2010 2025

Supply (Mtoe)

Present contribution of biomass , 38 38 38

Additional use of demolition wood etc. - 3 7

Additional use of agricultural and

municipal waste, including biogas - 12 24

Additional contribution from wood coming

from conventional forests, residues, bark,

thinning etc. to the energy market - 30 56

Energy crop for biofuels - 9 11

Energy crop for biocombustibles = 38 124
Total : 38 130 260
Land needed (Mha)

Agricultural land 6.8 222
Total 12.5 29.2

Source: AEBIOM.

The alternative to the present situation resides in a more efficient use of energy and in the gradual
replacement of fossil fuels by renewable energy sources. In summary, the main reasons for the promotion
of biomass energy are limited deposits of fossil fuel resources and the harm to our environment resulting
from their use.

How to promote biomass energy?

Our energy system has to be changed from a fossil fuel system into a solar one. The sun is the
source of almost all the renewable energies, be it in a direct way (e.g. the solar captors of photovoltaic
cells) or in an indirect way (e.g. hydroelectric, wind and biomass). Among all renewable sources,
biomass energy has by far the most promising potential for future development.

In order to promote the development and utilization of biomass energy, one has to undertake an in-
depth analysis of the energy demand/market as it relates to biomass transformation and biomass
production.

Biomass transformation

Societies and economies do not need biomass but do need heat, electricity and fuel for cars.
Biomass can be transformed into heat, electricity and biofuels. Effective channels must be developed for
the penetration of biomass into these potential markets.

For the conversion of biomass into heat, the following methods can be identified:

» Single wood-fired heating systems: traditional boilers, modern turbo boilers, earthenware stoves

and automatic boilers.
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+ Integrated heating systems: effective boilers with a heat network.

Electricity production from fossil fuels is one of the main sources of CO, emissions. Four schemes
can be used to convert biomass to electricity:

Pig and cow manure Oleaginous plants Solid fuel (wood, wood Solid fuels
l (rapeseed for example) products, straw etc.) l
Biogas l l Gasification
§ Oil Steam generator }
Gas engine ! | Gas turbine
l Diesel engine Steam turbine l
Generator l ! Generator
l Generator Generator !
Electricity l l Electricity
Electricity Electricity

In Austria, the processes described in the first three schemes are already installed and operating,
and the fourth scheme, gasification, is at an experimental stage.

For biofuels, two schemes can be identified:

Starch Oleaginous plants (rapeseed)
Sulgar Esterifl'lcation
Ethano:, ETBE _ Biodliesel
Biomass production

Most of the raw material comes from plants which, through photosynthesis, absorb CO, from the
atmosphere. All plants contain chemically accumulated solar energy.

The main biomass energy resources available to us are in the form of agricultural residues (crop
residues and animal waste), waste from forests and the wood industry (sawmill residues, forest residue
and bark), municipal waste and annual or perennial energy crops, including oleaginous plants, cereals,
maize, beet-root, sorghum, grass, miscanthus and short-rotation thickets.

So far, our discussion has mainly concentrated on technical questions, such as the analysis of
market, transformation and production. In addition, however, to promote biomass successfully,
favourable economic and political conditions must be created. A reorientation of policies in various areas
is necessary as well as the realization of specific programmes. A brief outline of major policy and
economic issues is provided below.

Information and education
' The majority of the population is not aware of the necessity to change the present energy system.
The link between the use of fossil fuel, the increase of CO? concentration in the air, the progressive

warming of the planet and the associated climate change is not understood or, at least, taken as seriously
as it should be. It is imperative to inform people at all levels of society of the advantages of renewable
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energy and the drawbacks of fossil energy. Such an information campaign has to focus on the
communities, regional and local policy makers, administrators and agricultural organizations.

Ecological tax reform

For broader development and utilization of biomass energy, a surcharge must be imposed on fossil

fuels (oil, gas and coal). One such surcharge scheme is proposed below:

Case Surcharge, ECU/toe

Fossil fuels for heat production 260

Fossil fuels for electricity production 80

Liquid biofuels 650
Financial assistance

Substantial capital is required to extend the production of heat and electricity from biomass. In the

initial phase of an extension programme, 50 per cent of the required investment should be financed by
public funds.

Requirements for electricity

For profitable production of electricity from biomass, provisions must be made for its purchase, at

a competitive price, by the electric utility. Currently, the possibility for this only exists in certain
countries.

Choice of channels

We have talked about many channels to enhance the production and utilization of biomass energy.

The choice is country-specific and must be made in consideration of the prevailing economic, energetic
and social conditions. The following criteria are applicable:

Energy balance. The conversion of solid biofuels to heat provides for a better energy balance than
their conversion to liquid biofuels such as ethanol or biodiesel. The land needed for the production
of 1 Mtoe of liquid biofuel is 636,000 ha, whereas the area needed for production of 1 Mtoe of solid
biofuel is around 179,000 ha. Energy balance as well as energy output per hectare favour the
production of heat and electricity from solid biofuels rather than liquid biofuels.

Competitiveness. The competitiveness of biomass, in the context of a free market, depends on
several parameters such as the form of the energy produced (heat, electricity, biofuels) and the
nature of the raw material used (by-/co-product, forestry residues, energy crops). Heat production
is more competitive than electricity production, which in turn is more competitive than biofuel
production. In most cases, the use of residues or co-products is more economical than the use of
energy crops.

Sustainability. The supply of biomass must be sustainable. This means that in a given period of
time, the market demand for a biomass energy resource should match the supply of that resource.

Balance between energy and agricultural policies. Currently, agriculture in the European Union
suffers from overproduction. With the entrance of the central European countries into the European
Union, the problem of overproduction will become even more important. However, this oversupply
of agricultural products may create a potential market for biomass energy. On the other hand, in
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countries where agricultural production is not even sufficient for feeding the people, the potential
for biomass energy is small and is restricted to animal waste and some by-products. Even though
biomass energy resources are not restricted to agricultural by-products/waste, care should be
exercised to assure a balanced use of arable land, taking advantage of any potential synergism
between energy and food production.

Considering these criteria, AEBIOM has elaborated a strategy for the further development and
utilization of biomass. In accordance with our conviction, the contribution of biomass energy to the
European energy mix should be raised substantially; at the same time, energy issues should play an
important role in European agricultural and forestry policies. Further, the European strategy should focus
on increasing the contribution of biomass energy to 20 per cent of the total energy consumption, with
38 per cent of it going to the heat market, 16 per cent to the electricity market and 5 per cent to the fuel
market (figure III). The advantages of this strategy would be:

*  Annual reduction of 550 million tonnes (17 per cent) of CO, emissions.

» Creation of approximately 2 million new jobs, particularly in rural areas.

«  Annual investment of about 30 billion ECU, with the implication of additional new jobs in the
industrial supply sector. '

* The proposed increase in biomass energy contribution would require 29 million ha of land, which
could result in less idle land and new income possibilities in agricultural and forestry sectors.

* More economic activities in rural areas, better air quality and less dependence on energy.
To achieve these benefits, however, much work remains to be done in the future.

I wish you all success in your work with biomass energy, an energy system of the future. Thank
you.

Figure II1. Share of biomass in different energy markets
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Part one

Biomass energy: regional overviews
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1. OVERVIEW ON THE DEVELOPMENT AND UTILIZATION OF
BIOMASS ENERGY IN AFRICA AND ASIA

Stephen D. Joseph
Biomass Energy Services and Technology Pty. Ltd.
Saratoga, New South Wales, Australia

Abstract

In developing countries, biomass is the main source of energy for rural communities and industries and
is often a source even for urban households. A pressing concern is the rapid rate of deforestation,
brought about by two factors: land clearing for agricultural production and for dwellings and the
growing demand for biomass as an energy source. The production of agricultural and forest residues has
also been increasing. Much of this residue is disposed of by burning it on the fields or is used in highly
polluting stoves and furnaces for cooking or other food processing or industrial activities. Air pollution
from inefficient combustion of biomass residues is severe in a number of places, leading to increases
in eye and lung diseases and in greenhouse gas emissions.

In this overview paper, the following information will be provided:

«  Summary of the available data on biomass resources from Africa and Asia and indication of its
reliability.

«  Description of the current technologies used to convert biomass to energy.

« Discussion of the current research and development (R and D) on the efficiency of these
technologies.

»  Examination of the barriers impeding the adoption of new, more efficient technologies.

» Identification and evaluation of the policies and strategies being used to improve the efficiency
of biomass as an energy source and to increase resource availability.

Biomass will continue to be the main fuel for most households and many rural industries in Asia
and Africa for the next 10 years. In many countries, the biomass, especially wood, is being used on an
unsustainable basis. A wide range of more efficient and less expensive conversion and production
technologies have now been developed and are in use in Africa and Asia. The rates of adoption of these
technologies have varied considerably, however, between and within countries of the region.

For effective dissemination, governments, non-governmental organizations (NGOs), commercial
organizations and end-users must cooperate. Governments must establish an effective policy
environment and support R and D programmes to ensure that commercial organizations can sell these
technologies to households. Energy pricing policy must enable farmers to get an attractive rate of return
if they grow trees and other biomass. Environment policy and regulation must encourage the use of
existing biomass residues as a non-polluting energy source.
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Introduction

In developing countries, biomass is the main source of energy for rural communities and industries
and is often a source for urban households. A pressing concern is the rapid rate of deforestation, brought
about by two factors: land clearing for agricultural production and dwellings and growing demand for
biomass as an energy source. The production of agricultural and forest residues has also been increasing.
Much of this residue is disposed of by burning it on the fields or is used in highly polluting stoves and
furnaces for cooking or other food processing or industrial activities. Air pollution from the inefficient
combustion of biomass residues is severe in a number of places, leading to increases in eye and lung
diseases [1] and in greenhouse gas emissions.

In this overview paper the following information will be provided:

*  Summary of the available data on biomass resources from Africa and Asia and an indication of its
reliability. Approximate figures on the utilization of these biomass resources for different industries
and for domestic use will be given, along with estimates of the potential availability of biomass.

* Techniques used to increase biomass production will be briefly outlined and some current
technologies used to convert biomass to energy will be described:

- Combustion devices to provide process heat for households and industry.

- Combustion devices to provide power and combined heat and power (CHP).

- Gasification to provide process heat and power.

- Biological methods of producing gas for process heating or power from wastes.

- Production of liquid fuels from biomass using either biological or thermal processes.

« Discussion of current R and D on the efficiency of these devices or techniques, including work on
improving the yield of biomass from forests and farms. Examination of how improved agricultural
and forestry practices can be integrated with energy production.

« Examination of the economic, political, social and technical barriers impeding the adoption of these
new practices, including case studies in Africa and Asia.

« Identification and evaluation of the policies and strategies that are being used to improve the
efficiency of biomass as an energy source and to increase the amount of biomass available.

A. Biomass resources and utilization in Africa and Asia
1. Background

Biomass is basically solar energy converted into plant form. From the perspective of human use,
it includes food, fodder, timber and biofuels. From an ecological perspective, it includes trees, shrubs,
grasses and other plants that are, in total, crucial to global ecosystems: they recycle gases and moderate
the climate, and they recycle water and essential nutrients.

Although biofuels supply a far smaller proportion of global energy than fossil fuels, they meet the
direct fuel needs of most of the world’s people, principally in the less developed countries and
principally in the rural areas of those countries. For example, India, despite its large industrial sector, still
relies on biofuels for nearly half its total energy supply and more than 80 per cent of its residential
energy consumption. Poor countries such as Bangladesh, Botswana and Nepal rely on biofuel for close
to 90 per cent of their total energy needs [2]. Most of this fuel is used for cooking, some for heating and
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perhaps as much as one fifth for industry. Fuelwood is the most important biofuel and it will remain so
for the foreseeable future.

Considerable research has been undertaken to try to quantify the biomass resource base and biomass
use. Hall [3] has shown that most of these data are inaccurate and that it is only possible to give an
overview at the continental and regional levels. Foley [4] has suggested that consumption figures are
often overestimates. Furthermore, the gap between sustainable wood fuel consumption and supply need
not imply a wood fuel crisis: economic forces lead to substitution by less scarce fuels, more efficient
use of scarcer resources and the production of additional supply. This view has received some support
from studies in Ethiopia, where there has been a dramatic increase in kerosene usage in urban areas since
1982 [5].

Within individual countries and within individual sectors, more detailed and accurate information
is sometimes available. However, it is difficult to interpret this information as the energy content of the
fuel depends on its moisture and ash content, which are rarely known. This paper summarizes the
regional data and examines a small number of local, in-depth studies.

2. Asia

In Asia, biomass comes from three main sources: natural forests and plantation forests, agricultural
residues and animal and human waste. The chief agricultural residues are bagasse, rice husks and straw,
with local concentrations of oil palm and coconut residues and, where there is large-scale forestry
activity, sawdust, bark and chips. Another biomass resource that is sometimes included in the figures is
municipal solid waste (MSW).

Data from the Food and Agriculture Organization of the United Nations (FAO) and the Biomass
User’s Network (BUN) indicated that the total biomass resource potential of Asia could be as high as
40,000-50,000 petajoules (PJ) a year (1 PJ = 10" joules). However, other sources give more worrying
figures: the Asian Development Bank and Aditech, a French company associated with the Centre for
Technology Forecasting and Assessment, in Paris, both estimate a current fuelwood use for China 30 per
cent higher than that estimated by FAO [6]. Estimates of current biomass utilization and resource
potential are given in table 1.1.

Table I.1. Estimates of current biomass utilization and resource potential: Asia
(Petajoules per year)

Biomass use China India Indonesia
Plantation fuelwood 950

Other fuelwood 950

Fuelwood and charcoal 2,600 1,400
Bagasse 1,200 300 107
Biogas (animal, human wastes) 50 14 NS
Other agricultural and forest residues 6,150 NS* NS
Total biomass used 9,300 3,000 2,700°
Biomass used/energy

currently consumed 0.27

Biomass resource potential 9,200 10,100 2,300

“NS = not specified.
*Approximate figures.
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Energy consumption throughout Asia is growing considerably faster than the population.
Deforestation is also accelerating in most Asian countries. Both India and China have extensive
reforestation and energy forestry programmes to try to reduce this deficit and to ensure a sustainable
supply in the future, but it is difficult to determine whether these programmes are slowing the rate of
deforestation. Indications from remote sensing and from agricultural statistics are that the sustainable
potential of the wood resource is decreasing, the utilization is increasing and efforts to increase the
resource base are inadequate.

In most Asian countries the greatest consumption of biomass is for domestic cooking. In Nepal
90 per cent of all domestic energy is derived from biomass, whereas in Malaysia the comparable figure
is probably less than 20 per cent. The amount being used is related to both the wealth of households and
the availability of cheap alternatives such as gas, kerosene and electricity. In deforested areas or in areas
where people need to sell the available wood for cash, much of the energy for households is supplied by
residues (dung, straw, leaves and twigs). Many industries throughout Asia (except for China) use
biomass as their main fuel source for heating. Biomass is also used to generate electricity in the sugar
and palm oil industries.

In some countries, virtually all of the available biomass residues are used as an energy source, as
a soil conditioner or fertilizer, as a material for handicrafts or as a constituent of animal food and other
industrial products. In other countries, considerable quantities of residues are burned on the fields,
disposed of in landfills or dumped into waterways. Within any one country, there are areas where there
is a surplus of residues and areas where there is a deficit. In China and India most of the available wood
and agricultural residues are fully used, although in some areas there is a surplus of rice husks.

Recently the author studied residue availability and the potential for energy production in industry
in south-east Asia (table 1.2). He found that most industries (except the sugar and palm oil industries)
either burn or dump their biomass residues. Only a small proportion of the residues are used by other
industries or by poor people for food, cooking, building materials, livestock feed or bedding. Most of the
industries (again, except sugar and palm oil) use grid electricity and gas- or oil-fired process heat [7].

Table L.2. Summary of Association of South-East Asian Nations (ASEAN)
market information

Amount of Power
Number wastes required in Heat required
Industry of mills Waste type (tonnes/yr.) mill (kW) (kW)
Rattan furniture 300 |Sawdustand 3,200,000 150-300 500-1,000
off-cuts
Sugar refining >200 | Bagasse 2,000,000 1,000-10,000 5,000-50,000
(excess)
Coconut processing 123 | Shell/fibre >3,000,000 NS« NS
Palm oil mills <s00 | Shell/fibre/ >15,000,000 400-1,000 2,000-5,000
bunches
Suwmnll 215000 | EOST|  0000. | 30200 3-1,000
<5,000 slabs 30,000,000 300-1,500 1,000-4,000
Ri i 80,000 Husk 40,000,000 50-300 3-1,000
1ce mills 2,000 |TUS%S 12,000,000 300-2,000 1,000-5,000

“NS = not specified.
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In south-east Asia, biomass may be more abundant than in China and the Indian subconfinent. The
FAO Regional Wood Energy Programme Expert Meeting (1992) [8] concluded that if they had
comprehensive wood energy national policies, biomass countries in the region could harvest resources
sustainably to meet the future demands of households and industries.

3. Africa

Detailed studies on availability in certain areas have been carried out over the past 10 years. Much
of this has been compiled by the World Bank [9]. Other than in equatorial Africa, the demand for
fuelwood far exceeds the supply. However, in many African countries data on resource potential and on
utilization are scarce. Table 1.3 summarizes data from countries where reasonably comprehensive
biomass energy surveys have been carried out.

Table 1.3. Estimates of current biomass utilization and resource potential: Africa

(Petajoules per year)
Biomass use and potential Kenya Botswana Sudan Ethiopia
Plantation fuelwood 55
Fuelwood and charcoal 300 10 250 500
Bagasse NS® . Very small- small
Dung NS <1 N§ 50
Other agricultural and forest residues 15 <1 NS ' 45
Total biomass/used >380 <12 >600
Biomass used/energy
currently consumed 0.7 0.5 0.84 >0.8
Biomass resource potential 350-400 >12 500-550 NS

“NS = not specified.

Between 70 and 90 per cent of the people in most African countries use wood, cow dung or
agricultural residues for cooking and, in cooler areas, for heating. People use, on average, 1-2 kg of wood
or dung/person/day for cooking. In urban areas, charcoal is more likely to be used: approximately
0.3-0.5 kg/person/day of charcoal is used for cooking. One of the main causes of deforestation in a
number of countries has been the considerable increase in the production of charcoal for use in urban
areas.

In many countries, agricultural residues, especially from processing plants, have not been utilized,
and they are often burned or dumped.

A study carried out in Ethiopia in 1984 by Newcombe [10] indicated that potential residue
availability was 0.07 PJ and that it could be as high as 0.3 PJ. Based on that indication, the World Bank
designed a large briquetting project. Then, when detailed studies of availability were carried out, it turned
out that much of the available residue was being used as a fuel for other purposes: there had apparently
been a rapid increase in the use of residues, especially dung, as a result of increasing population, political
upheaval and war and the increasing price of alternative fuels. This example suggests that it may be
dangerous to extrapolate from older data, as fuel substitution can occur quite rapidly.

Biomass use in larger scale industry (except for sugar production) is much lower than in Asia owing
to the lower level of industrial activity, Most small-scale industries that process food use wood and
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sometimes charcoal or agricultural residues. Detailed studies carried out by FAO in 1986 [11] and, in
Sudan, by Ahmed and others in 1986 [12] provide some indication of the extent of biomass use by
industry in Africa. In Khartoum alone, 174,000 tonnes/yr of wood were consumed in the brick-making,
bakery and other food-processing industries. By far the largest consumer was brick-making (55 per cent).
Wood makes up only 10 per cent of the production costs of the bricks and the food, and at the time of
the study there appeared to be little incentive to save. FAO noted that, in parts of Africa, the following
food-processing industries were the largest industrial user of wood: smoked fish (100,000 tonnes/yr),
tea (300,000 tonnes/yr), tobacco (1,000,000 tonnes/yr) and coffee (1,000,000 tonnes/yr).

Although some equatorial African countries currently have a surplus of biomass, most countries
are in a deficit situation, in some cases a severe one.

B. Description of the current technologies that use biomass as a fuel input
1. Combustion devices for heating for households and industry

Most biomass is converted to energy by direct combustion in stoves, furnaces, ovens and kilns. At
the household level, most people use a simple mud stove (Asia) or an open fire (Africa). Charcoal, rice
husks and sawdust are usually burned in simple ceramic stoves. The thermal efficiencies of these devices
are very low, from 5 to 20 per cent. Emissions of particulates, toxic organic compounds and carbon
monoxide (CO) are much higher than those recommended by the World Health Organization (WHO) [1].

In industry, combustion devices range from large mud stoves to furnaces with a sophisticated grate
system. In the sugar and palm oil industries, steam is generated by burning the fuel on a simple step
grate. A series of bars or strips are placed at an angle to the bottom of the furnace with the fuel rolling
down as it is burned. In most sawmills, a horizontal grate is used, with wood being placed on this grate
and burned in batches. Both types of furnace are relatively inefficient and can generate high levels of
pollutants. Wood, sawdust and rice husk are used extensively in the mineral processing and ceramics
industries. Most of the kilns do not have a grate: wood is burned on the floor of the kiln or rice husks
and/or sawdust are intermixed with the materials being processed and burned in situ.

Over the past 10 years, high efficiency, low pollution furnaces have been introduced into Asia and
Africa. Most of these were designed in Europe, North America, Australia or New Zealand. The
combustion in these furnaces is staged. The fuel is decomposed at the bottom of the furnace and then
secondary air is added to burn the volatiles. A typical example of this is an underfed stoker. Another
method that has proved popular involves turning the biomass into gas in one chamber and burning the
volatiles in a second chamber by introducing highly turbulent secondary air.

2. Power and combined heat and power systems

Wood and agricultural residues are also being burned to produce electricity and to produce CHP.
There has been a long history in the sawmilling, rice milling and sugar and palm processing industries
of using steam engines and steam turbines. In Thailand, for example, a small number of steam engines
are manufactured each year. These engines, designed about 80 years ago, are large and their efficiency
is only 3-5 per cent. The cost for a 50 kW unit is about US$ 60,000. Later on, many mills that
traditionally used steam engines converted to grid electricity or to diesel engines. Recently, however,
there has been a renewed demand for modern, high-speed steam engines that could replace diesel
engines, particularly in the Philippines. This demand will be discussed in the next section.

Well over a hundred small steam turbines are sold to the agricultural and wood processing
industries throughout Asia and Africa each year. Most of the turbines are manufactured in Europe, India
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or China. The output of these turbines ranges from 150 kW to 1 MW. Most of the units use high-pressure
boilers, which are locally manufactured for Asian markets. In many cases, the fuel is produced on site.
The waste steam from the turbines is often used in processing timber or crops. Much larger steam
turbines are sold to the sugar industry, and there has been a push to improve the efficiency of the
furnaces and boilers to allow excess power to be fed into the grid.

3. Gasification and pyrolysis

Pyrolysis involves the thermal degradation of biomass in the absence of air to produce charcoal and
a volatile gas consisting of tar and combustibles such as CO, methane and hydrogen (H,). Most of the
charcoal production in Asia and Africa is carried out in simple earth or brick kilns. The volatiles are
released to the atmosphere without being converted to energy and/or condensing the tars for use as a
chemical feedstock. In some countries, such as China, there are vertical retorts in which the tars are
condensed and the volatile gases are used to heat the kilns. Agricultural residues can be turned into
charcoal via a process of briquetting and then carbonizing, or, alternatively, the residue can be
carbonized and then briquetted using a binder.

An alternative route to producing both heat and power is through gasification. This technology
involves breaking the wood down to a gas that consists of CO,, CO, H, and methane. It was originally
developed 100 years ago and was widely used in the early twentieth century and during the two world
wars to power automobiles, to provide gas for cooking, to provide electricity and to fuel CHP systems
in Africa and Asia. Over the past 20 years there has been a renewed interest in using agricultural
residues, wood and wood chips for fuelling gasifiers. The initial development work took as its starting
point designs developed during the Second World War. The main type of gasifier that was promoted was
a down-draught unit. In these units, a limited supply of air flows from the top of the bed of fuel and the
gas and ash come out at the bottom of the unit. In the process, tar is formed, and the gases must then be
cleaned and cooled before they can be passed into a diesel or a petrol engine.

For process heating, up-draught or cross-draught gasifiers have been most commonly used. In this
application, the gas is not usually cleaned except that large particles are removed in a cyclone. The gas
is then taken to a specially designed gas burner, where oxygen is added and the gas is burned.

Many demonstration programmes were carried out in Africa and Asia, and over 20 firms started
to market gasifiers. Very few of these companies are still in existence and the penetration of gasifiers
into the market-place has been small in relation to the amount of money that has been spent. There are
some success stories, however. A Chinese manufacturer has been able to sell about 100 small rice husk
gasifiers with outputs of 60-100 kW. A company in South Africa claims to have sold over 100 units with
outputs ranging from 10 to 100 kW.

4. Biological methods of producing gas for process heating or power from wastes
(a) Biogas
The technology for converting liquid biomass to produce methane and CO, was developed in the
first half of this century. The initial production occurred at sewage treatment plants. In the absence of
oxygen, bacteria will decompose biomass into methane and carbon and leave a residual sludge.
Biogas has been used as a fuel for cooking, for driving engines and for providing process heat. The
feedstock for biogas plants can be animal dung, human waste, effluent from abattoirs and starch

processing plants or finely chopped biomass. Two size ranges of reactors have been built: those suitable
for use by families or small farmers and those that are suitable either for an industry or a community. The
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most popular digester in China has a fixed dome made from brick, and the digester used in India and
Africa has a moving steel dome. In some countries, polymer bags have been used; in others, long cement
tanks with plastic tops have been built.

(b) Landfill gas

When MSW is buried in the ground, it is starved of oxygen; bacteria decompose the biomass in the
waste to form methane and CO,. For many years now, this gas has been tapped and used to fire brick
kilns or provide heat for other industrial processes. More recently, it has been used to generate electricity
for industry. A particular landfill site is surveyed to assess how much methane is being produced, its
quality (the percentage of methane and the amount of contaminants such as hydrogen sulphide) and the
possible lifetime of the source. An economic analysis is then carried out to assess whether or not to
proceed with tapping the gas. The landfill plant consists of a series of pipes sunk into the ground and a
pumping station to bring the gas to a gas cleaning plant. Once the gas has been cleaned, it is fed to a
spark ignition engine and the power is then fed to the grid. A small number of plants have now been
installed in China and in Thailand.

5. Production of liquid fuels from biomass using either biological or thermal processes.

The production of liquid fuels from sugars and starch is a well-proven technology, and there are
plants in both Africa and Asia. The most common raw materials are sugar cane and molasses, although
grains, tuber crops and liquid waste streams have also been used to produce alcohol. Zimbabwe and
South Africa have developed their own technology and now have a mature industry.

For alcohol (ethanol) production from molasses, the following process steps are necessary. The
molasses is fermented and then the resulting mash is distilled to produce an alcohol and an effluent
(vinasse). CO is also produced and can be used for other chemical and food processing. The 10 per cent
ethanol solution is then dehydrated before being blended with petrol or with diesel. '

When grain is the biomass input, it must be milled and converted to sugar before fermentation.
There are two types of processes used, dry milling and wet milling. In the dry milling process, all of the
grain is milled and then turned into sugars using enzymes. The residues from the distillation are sold as
distillers dry grains. In the wet milling process, gluten meal and oil are taken from the grain before it is
turned into fermentable sugars.

C. Improved biomass energy conversion technologies: directions in research and
development and implications for the dissemination of the technology

The overriding priorities in Africa and Asia are to improve the fuel efficiency of existing devices
and their level of particulate and toxic gas emissions, to develop more cost-effective technologies and
to increase the reliability of the proven technologies and reduce their production cost.

1. Combustion
(a) Domestic and institutional stoves
The earliest R and D effort was carried out in India in the 1950s and produced some improvement
in stove designs. However it was not until the 1980s that the R and D efforts in Asia and Africa resulted
in the development of stoves that use significantly less fuelwood than traditional cooking methods. These

stoves have carefully designed fireboxes made from ceramic or metal. They are able to heat two pots at
once, with the first pot receiving most of the heat and the second pot extracting heat from the flue gases.
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A number of institutional stoves have now been developed that consume less fuel and produce less
smoke. To gain these improvements, pots have been sunk into the stove, thereby increasing heat transfer.
Complete combustion is achieved by burning the wood on a grate, air being introduced above and below
the grate.

(b) Industrial furnaces, kilns and ovens

There have been some real successes with the development and initial commercialization of
improved industrial furnaces, ovens and kilns. In Africa, the Bellerive Foundation, with technical input
from Eindhoven University [13], has developed an improved wood and residue-fired oven for baking
bread. The unit uses an improved firebox with a larger heat transfer area around it, which reduces the
amount of wood used to bake bread by over 50 per cent and also reduces smoke emissions. In Asia,
universities and private companies have developed fuel-efficient ovens that are now being manufactured
and sold by the private sector. In some cases, such as the German Agency for Technical Coopera-
tion (GTZ) refugee programme in Pakistan, researchers optimized the dimensions of the traditional oven
to reduce fuel consumption. In India, new ovens have been designed based on modern wood stove
practice (they have a grate, primary and secondary air inlets and effective insulation).

Similar work has been carried out to improve the efficiency of tobacco-curing barns and brick kilns.
To reduce energy consumption, changes have been made both to the furnaces and to the driers, to reduce
heat losses and better distribute the air. Programmes in Kenya, Malawi and Thailand have developed
improved kilns that reduce wood consumption by 30-50 per cent. Many of these demonstration
programmes have been funded by organizations of the United Nations system, including the World Bank,
and by countries of the European Union. Although the literature suggests that many of these programmes
have been successful, there are few cases where the technology was disseminated after the donor
organization and its advisers departed.

2. Power and combined heat and power generation

A number of programmes are now being undertaken to introduce state-of-the-art power and CHP
systems in developing countries. In the Asian and African sugar industries, improved wet bagasse-
burning furnaces have been successfully introduced, reducing the need for firewood. Pulverized fuel
burners are being used to increase the efficiency of bagasse burning so that sugar mills can now export
excess electricity to the grid. A number of these improved burners and boilers have been built in
Indonesia and in Thailand. Other programmes have focused on improving the performance of existing
furnaces with grates and replacing aged steam turbines with more efficient modern turbines. These
improvements have improved the viability of the sugar industry and led to grid electricity that is more
environment-friendly.

A new initiative has been undertaken in ASEAN countries to introduce high-efficiency fluid-bed
combustors with modern, high-speed steam engines or turbines. This technology is to be used in both
small and medium-sized processing mills where residues are available. The steam engines use the latest
in materials technology to ensure that they can run without lubrication at high speeds, and their
efficiencies are double those of conventional engines and turbines. This considerably reduces the capital
and running costs as the boilers are much smaller and therefore cheaper.

Considerable effort is going into the development of Stirling engines, which are externally heated
and use air as the working fluid to move a power piston. Approximately a hundred 5 kW engines based
on a design developed in the United States have been built and are undergoing field trials in India. The
head of this engine is heated in a biomass combustor. In theory, these engines have efficiencies of over
30 per cent, and since they do not require a boiler, they should be more cost-competitive than fossil-fuel-
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powered engines. Although no official report has been made, information obtained from the field
indicates that many technical problems must be overcome before the engine is commercially viable.

3. Gasification

The quest for low-cost reliable gasification technology is being pursued. Work funded by GTZ has
resulted in the development of a low-cost producer gas unit (ferrocement, 10 kW (shaft), open-core,
down-draught) that runs on charcoal. Initial field trials in Thailand, carried out under controlled
conditions, indicated that the unit, when fuelled with charcoal, could be cost-competitive with fossil-
fuelled generation and pumping units. A number of units were constructed, and longer-term tests were
carried out in the field. The unit did not perform as expected, apparently due to cracking in the reactor.
In the past five years, universities and private companies in India and Thailand have developed more
reliable and lower cost gasifier units. These designs range in output from 5 kW to 100 kW. The units still
use either down- or up-draught technology.

4. Biological gas (biogas) production

The technologies developed to convert animal and human wastes at the household and village levels
have reached maturity. Various projects are under way to improve the quality of materials used in the
manufacture of the digesters and to reduce the costs. The emphasis of R and D has been on the
development of larger, more efficient units and more efficient bacteria. However, the author could not
find any examples of these different strains of bacteria being used at the village level. Considerable effort
is being made to develop low-cost digesters for the production of methane from grasses, weeds, factory
waste and MSW. A small number of pilot plants have been built in Asia, and further research is under
way.

5. Liquid fuels

The technology to convert sugars and starches to ethanol is mature. A number of different processes
have been developed to reduce the energy requirements and the amount of effluent needed. The
technology to convert other lignocellulosic materials such as cotton stalks, straw and sawdust is still
being developed at universities in Asia. The plants involve the breaking down of the cellulose structure
using enzymes or acid hydrolysis, followed by fermentation.

6. Production and processing of biomass

Over the past 20 years a great deal of research has been undertaken to utilize degraded land and
agricultural land to produce biomass for energy. One of the main strategies used is to plant fast-growing
eucalyptus tree varieties and to coppice the trees on a sustainable basis. This strategy has worked in
countries such as Ethiopia but is not without critics, as eucalyptuses can degrade the soil very quickly.
To overcome these criticisms, some researchers have successfully established mixed plantations of
species such as leucaena (a nitrogen-fixing tree) and eucalyptus. The leucaena is used as a source of fuel
and fodder and the eucalyptus as a source of construction timber and fuel. This strategy has been
successfully applied in India and in Thailand.

D. Economic, political, social and technical barriers to the adoption of
new technologies and practices

Rates of adoption for innovations in biomass energy technology and biomass production techniques

have differed from country to country and technology to technology. For example, although fuel-efficient
cookstoves have been adopted in most countries, very few gasifiers are operating in a commercial
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environment, despite considerable inputs of government and private capital. China has been very
successful in disseminating improved biogas, stove and kiln technologies, whereas in Thailand the
dissemination of such technologies has been relatively slow. Barriers to dissemination for each
technology will be examined.

1. Combustion devices

During the 1980s the main barriers to the adoption of improved stoves were technical and social.
Most of the designs that were being produced were developed by scientists and engineers working in the
laboratory or by volunteer workers based in villages. Most of the stoves did not meet user criteria for
speed of cooking, fuel flexibility, portability, cost, ease of use and fuel savings, and most were owner-
built or built by artisans in the household. However, once designers started to develop stoves with input
from users and private sector manufacturers, whether they were artisans working in the informal sector
or manufacturers working in the formal sector, stoves started to be purchased by large numbers of
people.

~ The rate of adoption then became dependent on the type and amount of government support. The
programme in China, as reported by Smith and others [14], was initially very successful, because it was
targeted at families that could afford to pay for most of the cost of the stove (subsidies were kept to a
minimum); small commercial companies manufactured the stoves; the bureaucracy that ran the
programme was lean; the government programme was independently monitored; and policies had been
established to encourage use of the stove. These policies allowed households that adopted the new stove
to cut timber at a preferential price, set rewards for townships, village leaders and artisans who promoted
or made the most improved stoves and removed the licences of those artisans who kept on manufacturing
the old stoves; they also withheld permission to build a new house unless a new stove was also to be built
and allocated steel and brick supplies to enterprises making the new stove. The programme has slowed
as it tries to disseminate the technologies to poorer households in more remote areas.

The programme in India has been less successful. In the 1980s it emphasized the introduction of
mud stoves built by extension workers at the household site. Most of the extension workers were
employed by the government and were relatively unskilled. Very poor families received the greatest
subsidy and were often the focus of the stove programme. Independent monitoring was carried out but
was of variable quality. Each local authority and state was given yearly targets to meet, but the money
to carry out the programme often did not arrive until haif way through the financial year. Extension
workers, who had a number of other tasks to carry out, could not meet the targets unless they rushed their
work, so the quality of construction and training of the users was poor, and there was no time to see if
the women had problems using the stoves.

In Africa, after the failure of a number of programmes to introduce owner-built mud stoves, the
focus was switched to artisan-built improved charcoal stoves. Rates of adoption were slow at first owing
to the high cost of the stove and the lack of government support. The high cost was due to the lack of
competition (only a few artisans were producing the stove) and the inefficient method of manufacture
(most stoves were being manufactured by artisans in the informal sector). At various points, governments
tried to shut down these production units, as they had often been established on public land. As soon as
more artisans were trained to build the stoves and governments supported the programme, rates of
adoption increased. However, no resources were allocated to monitoring, so the quality of the stove
declined and, although initially fuel consumption decreased substantially, it has begun to rise again.

The barriers faced by industries wanting to purchase new furnaces are considerable. The greatest

barrier is lack of cash. In particular, small industries have very small capital works budgets. Money to
purchase new technology comes from savings on fuel or from special grants from the government or aid
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agencies. Often operators are used to a particular type of combustor and they may be reluctant to use the
new device properly. Often the factories are not suitable for a new combustor, or, in some cases, the
management of the institution wants to build a new factory or extend an existing one before introducing
a new combustor. In small industries competition is high and margins often very small, so they may be
unwilling to adopt unproved innovations, that is to say, they are risk-averse.
Potential private sector manufacturers of combustors also face considerable difficulties in making
a profit from producing and selling the néw stoves. These include a lack of capital for tooling, training
and R and D, as well as unfamiliarity with the product and the market. In some countries, private sector
manufacturers successfully started stove manufacture only to find that NGOs, whose overheads are paid
by aid funds, had decided to compete: because the NGOs were subsidized, they were able to undercut
the private sector manufacturers.
2. Combined heat and power
Many industries have used their residue as a fuel for heat and power production. Most of the
technologies were developed between 1920 and 1950 and they are relatively polluting and inefficient.
There were a number of constraints on the adoption of new technology during the 1980s:
« ' Lack of awareness on the part of end-users as to the benefits of the technology.
*  Low cost of electricity.

» Low price of fossil fuels.

¢ Lack of stringent environmental legislation on the dumping of waste and the emission of
particulates and CO from small biomass-fired boilers and furnaces.

« Lack of cheap, highly efficient steam engine technology.
3. Gasification and pyrolysis
The diffusion of producer-gas-fuelled electricity generation units has been extremely slow, even

though considerable effort has been expended on R and D and on demonstration programmes. Evaluation
of programmes carried out by the World Bank and FAO [15] and commercial information gathered by
the author indicate that the following factors account for the poor acceptability of power gasification
systems in Asia and Africa:

* High capital cost.

* Low petrol, diesel, kerosene and electricity prices.

* High cost of charcoal and the increasing scarcity and cost of wood.

» Problems of maintaining the units.

» Large quantities of water required for cleaning and scrubbing, and the need to clean up this water.

* High level of skills needed to run the units effectively.

» Need for engines to be specially designed to withstand the harsh operating conditions.
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The most acceptable and reliable power gasifiers in developing countries use simple, low-cost open-
core down-draught gasifiers and low-speed diesel or petrol engines. The overall efficiency of these units
is very low (about 5 per cent). These simple units are socially acceptable, technically reliable and have
positive returns on investment when used in very remote areas. However, where cheap electricity or
subsidized fossil fuels are available they are not commercially viable.

The main barrier to the use of improved charcoal kilns is the dispersed and informal nature of the
production. Much charcoal production is carried out by villages to supplement income from agricultural
activity.

4. Biological gas (biogas) production

Although there have been successful small pilot projects in Africa, biogas technology has been
widely disseminated only in China and India. These projects were evaluated by Daxiong and others in
China [16] and Bhatia in India [17].

Biogas technology began to be introduced in China in the 1950s and was heavily promoted in the
1970s. Probably fewer than half of the digesters disseminated at that time were used for more than a year,
owing to poor construction and maintenance. In the 1980s, further R and D was carried out to improve
the construction materials, a set of standards was prepared and a heavily subsidized campaign was
launched. Quality was emphasized and considerable technical and financial assistance was given to both
the manufacturers and the users. Special service companies were organized to ensure that the farmers
and the owners did not have to spend too much time cleaning and repairing the unit. By 1986, over
5 million households and 10,000 factories and larger farms had purchased biogas digesters. There were
8 MW of installed electricity-generating capacity at factories and farms.

In 1983, subsidies were reduced from two thirds to one third of the capital cost and the central
Government reduced its subsidy to local governments for promotion, R and D and follow-up and
extension activities. There was a threefold decrease in the number of units installed. With further
economic liberalization, more peasants decided to leave full-time agricultural work and to pursue
business activities. Households also started switching to coal. To counter this trend, the Government
started to establish centralized biogas plants to which human and animal wastes were pumped. The gas
from these plants was piped to households. The Government also started to sell biogas plants as part of
an integrated package of income-generating activities for households. Although there are no published
recent evaluations, government officials in the Ministry of Agriculture have confirmed that there still
is a market for biogas. However, this market continues to shrink as more people leave for urban areas
and as rural incomes increase.

In India, over a million units have been installed with the help of a highly subsidized State-run
extension programme. Evaluation of the various State programmes shows variable results. In some areas,
over 70 per cent of the units were in operation after three years, whereas in other areas only 20 per cent
remained in operation. The capacity utilization of a biogas unit depends on the number of animals that
are owned by the household, the quality of the construction, the effectiveness of the training and the
extent of follow-up after the unit has been installed. The rate of adoption is also a function of the level
of subsidy and the degree to which people value the liquid manure that is produced.

5. Liquid fuels

Although liquid fuels based on either sugar or grain fermentation are being successfully produced
in Zimbabwe and South Africa, the low cost of petroleum products has made these industries unattractive
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in most countries. Some researchers feel that the production of liquid fuels from biomass will be viable
only once the technology for conversion of wood waste and for high yielding plants has been perfected.

6. Production of biomass fuels

The Expert Group Meeting on Biomass Energy Technologies (Bangalore, 1992) [18] identified the
following constraints on the greater availability of biomass fuels in Asia and African countries. The
participants particularly emphasized socio-political constraints:

» Unequal distribution of income and land holdings.
* Insecurity of land tenure.
» Lack of popular participation in the design and implementation of forestry programmes.
» Lack of political will to correct these problems.
Technological constraints include the following:

 The problem of producing and delivering to conversion facilities large enough quantities of
biomass.

« Inefficiency in the harvesting, handling and storage of biomass.
7. Summary

Demand-side constraints that are largely economic in nature include a high initial cost for the
technologies, the fact that many of the technologies do not generate income and the complexity of the
procedures for obtaining loans and subsidies. Social constraints include the fact that cooking, because
it is considered a task for women, has low priority, and many people are unaware of the problems or of
how they could help to alleviate them. On the supply side, there is often inadequate funding and poor
training, with concomitant poor manufacture, maintenance and quality control. Many potential investors
and manufacturers are ill informed about the market potential. An infrastructural constraint is the lack
of information and experience on the potential of the technologies, as well as inadequate R and D. It may
also be very difficult for planners to rectify distortions in the pricing of fuels, which adversely affect
investment in biomass technologies, and there are often political difficulties in achieving such
rectification.

E. Policies and strategies for the development and utilization of biomass energy resources

Macro- and micro-policy initiatives and strategies are required to ensure that biomass resources are
utilized more efficiently and that the large number of innovations in biomass energy technologies can
compete effectively in the marketplace.

1. Energy and environment policy, gender issues and pricing

Planners and policy makers must firstly recognize that most of the collectors and users of biomass
are women and children. In many countries, they undertake most of the planting of trees and crops. In
urban areas, it is the women who often purchase fuel and stoves. In industries, many of the workers who
are affected by the smoke from inefficient kilns, ovens and furnaces are women. It is essential, therefore,
that women play a major role in the design of programmes that disseminate new technologies and
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techniques. In any case, at the local level it is often the women and children who are more receptive to
innovations than men.

However, at the political level, it is often men who must be convinced of the need to undertake such
projects, and there must be effective dialogue between decision makers, those who control the resources
and the end-users of the technology.

In many countries, the pressure must be taken off existing resources to allow the regeneration of
forests. Recent experience in Africa and Asia shows that by providing cheaper alternative fuels such as
gas and kerosene and restricting the availability of charcoal and wood or increasing their price the
consumption of the latter can be significantly reduced.

Increasing energy prices can also motivate people to purchase appliances that are more fuel-
efficient. For this strategy to work, sufficient resources must be made available to develop and test fuel-
efficient devices and then promote their use. Most households and small industries find it difficult to
purchase sufficient fuel for their needs, so any increase in fuel prices must go hand in hand with a
reduction in fuel usage to ensure that the strategy is cost-neutral for the end-user.

Raising the price of energy can also give farmers an incentive to plant more trees, as long as they
are able to harvest them and sell in the local market. Care must be taken in changing prices if the
objective is to increase biomass supply. Species must be chosen that will be able to produce a range of
income streams so that risks to the farmers are minimized.

2. Increasing the resource base

In both Asia and Africa, populations are still growing rapidly, although the rate of growth is
beginning to decline. Almost everywhere the biomass resource base is being used for human needs on
an unsustainable basis. It is essential that the amount of biomass available for energy be increased. One
strategy for achieving this involves the large-scale planting of trees and fast-growing biomass crops.
Another strategy is to use the resource more efficiently, which implies continual product development
and the participation of both producers and consumers in all stages of this. It is also crucial that local
people should have an interest in growing and conserving biomass, which implies the more equitable
distribution of resources within and between communities.

The FAO Expert Group Meeting in 1992 suggested that, for the Asian and African regions, specific
policy initiatives needed to be judged according to the principles of sustainable development, which
include the reduction of social and economic inequalities. Growth that excludes the disadvantaged
creates social and economic problems in the long-term and will not be sustainable. This is particularly
true of the use of non-renewable resources such as fuelwood. Sustainable development policies recognize
the need to devolve control over resources and decision making as widely as possible among the people
affected, since they know better than anyone their problems, priorities and potential for development.

Policies for increasing the fuelwood supply must address the following:

e Securing property (including customary and communal) rights, particularly for the most
disadvantaged groups.

« Improving access to, and management of, local land resources.

+ Eliminating market distortions, internalizing externalities through pricing policies and reducing
uncertainties.
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* Creating institutional structures to give local people control over the decisions directly affecting
them.

Soussan [19] has identified the following general policy directions:

* Improve the information base on which policies are developed. Much conventional energy and
forestry planning reflects a failure to understand the forces driving biomass fuel production and use.
Policies have often been based on highly aggregated data and faulty assumptions. Effective
monitoring is rare; the available information often does not allow even a crude assessment of likely
future mixes of modern and biomass fuels or of the economic benefits and costs associated with
different forms of fuel provision and consumption.

»  Correct market failures and improve market functioning. At present, benefits are often disassociated
from costs, prices from scarcity, rights from responsibilities and actions from consequences. "The
key market and policy failures are inappropriate property rights, incorrectly priced resources,
policy-induced price distortions in capital, labour and commodity markets and overvalued
currencies" [20]. Price distortions act as disincentives to improved efficiency and conservation.

» Develop strategies for the fuelwood sector.

3. Improved combustion and biogas technology for domestic, institutional
and small industry applications

A number of different procedures can be used to develop, produce, promote and install higher
performance combustion devices and biogas plants in households, small industries and institutions in
Africa and Asia. In some programmes, the technologies have been developed in the institutions, by
government and non-governmental development agencies. The stoves have either been given away or
sold at a subsidized price. Many of these stoves have been built by the owners of the institutions
themselves. There are considerable problems with this strategy.

An alternative is the commercialization strategy, by which the private sector advertises,
manufactures, distributes and sells the combustion and biogas technologies. A number of elements are
involved:

*  Production. Includes quality control, information about the materials, machines and tools required,
equipment development, the establishment of costing systems, the selection of appropriate
producers, training, repair and maintenance, and coordination with marketing networks.

*  Marketing strategy. Entails developing techniques for promoting the technology to different market
segments, establishing channels to distribute the stoves and setting up after-sales service.

*  Monitoring and evaluation. Requires marketing research staff and skills, a methodology for
feedback, time and money. Monitoring and evaluation must relate to the programme objectives and
deal with the loss of quality as the number of manufacturers increases.

»  Financing. Pertains to funding for the marketing programme, R and D and the production systems.
Manufacturing companies also need sufficient cash flow and business acumen to maintain a viable

business [21].

It is important to carefully define the roles of the different agencies in this strategy. In the
experience of the author, government and voluntary agencies play a key role in helping to establish the
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market, in establishing a network to ensure communication between all actors in the commercialization
process, in organizing training and in ensuring that the necessary product development work and
monitoring and evaluation take place.

Governments and NGOs need to work together to set targets for reaching poor users. They need to
establish programmes that do the following:

* Develop and test market new designs.

*  Modify products as the need arises.

+ Eliminate features that consumers do not want.

* Ensure after-sales service, replacement and repairs.

* Pay special attention to the quality of the materials used, shapes, styles, colours, attractiveness and
safety of the technology, especially stoves.

Governments must establish policy and priorities, help with funding and coordinate the stove
programmes of different agencies. Sufficient funds must be allocated to R and D, the exchange of
information, managerial and technical training, testing in the field and dissemination. Stove builders and
users need effective training and follow-up assistance.

In general, having a number of smaller decentralized programmes is more effective than having a
single large, centralized programme. For stove programmes to become self sustaining, the new
technologies must have economic and social benefits for both producers and users. Users and local
producers must be involved in making decisions on the design and use of the technologies and the
implementation of programmes: the targets must be realistic and timetables must be flexible. When local
people are involved in implementation, they become committed to ensuring that the technologies are
built and maintained after the external agents leave. The quality of construction, the attention to
maintenance and the fuel savings are all higher. The social benefit of a stove programme is greater if
metal and ceramic stoves can be manufactured by small local enterprises [22]; however, such enterprises
need technical and sometimes managerial support.

Subsidies are controversial. Most programmes have subsidized the cost of R and D, pilot
programme implementation, training and monitoring of the dissemination programme. One difficulty
with subsidies is that many of the programmes fail once the subsidies are withdrawn. However, because
low-income people must have access to improved technologies if a reduction in fuel usage and other
national priorities are to be achieved and because many rural consumers are unable to pay the full cost
of improved stoves, large dissemination programmes will continue to require subsidies.

4. Generation of electricity and heat for industries
It is apparent that the main policy issues driving the use of residues and waste as an energy source
in Africa and Asia are environmental concerns, forestry policy, energy pricing policy and the changing
pattern of energy use in the domestic sector. Where households are switching from biomass fuels to
electricity and fossil fuels and where there is rapid economic development two phenomena are occurring:

* A shortage or an unreliable supply of electricity.

* Pollution from the wastes being generated by industrial and domestic activity.
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To overcome these problems, governments need to make industries pay for the removal of waste
and need to provide incentives for the use of these wastes as an energy source. This may involve paying
a price high enough to make it attractive for industry to invest in new technology.

Where there is considerable land degradation, farmers and industry need to be encouraged to grow
trees to provide construction material, fuel, food and fodder. The thinnings and the residue from the
processing of the wood can then provide a reliable supply of fuel for process heat and/or power. Over
the coming five years either steam or producer gas power technology in the 50-500 kW size will have
to be demonstrated to convince potential end-users of the benefits of this technology.

5 Liqufd fuels

As long as petroleum fuels remain relatively cheap and most economic analysis does not consider
all the externalities (the environmental impact of petroleum fuels, import substitution, employment), the
market for liquid fuels will remain small. In countries that are land-locked and have no indigenous
supply of oil (Zimbabwe, for example) growing sugar cane to provide feedstock for ethanol plants can
be justified on national security grounds.

F. Conclusions
For the next 10 years, biomass will continue to be the main fuel used for most households and many
rural industries in Asia and Africa. In many countries the biomass, especially wood, is being used on an
unsustainable basis. A wide range of more efficient and low-cost conversion and production technologies

have been developed and are now in use in Africa and Asia. The rates of adoption of these technologies
have varied considerably between and within countries of the two regions.

Effective dissemination requires the cooperation of governments, NGOs, commercial organizations
and end-users. Governments must establish an effectivé policy environment and support R and D
programmes to ensure that commercial organizations will be able to sell these technologies to
households. Energy pricing policy must enable farmers to get an attractive rate of return if they grow
trees and other sources of biomass. Environment policy and regulation must be designed so that existing
biomass residues are used as a non-polluting energy source.
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II. THE DEVELOPMENT AND UTILIZATION OF BIOMASS
ENERGY RESOURCES IN CHINA

Dai Lin
The Energy Research Institute of the State Planning Commission
Beijing, China "

Abstract

Biomass energy resources are abundant in China and have reached 730 million tonnes of coal
equivalent, representing about 70 per cent of the energy consumed by households. China has attached
great importance to the development and utilization of its biomass energy resources and has
implemented programmes for biogas unit manufacture, more efficient stoves, fuelwood development
and thermal gasification to meet new demands for energy as the economy grows. The conclusion is that
the increased use of low-carbon and non-carbon energy sources instead of fossil fuels is an important
option for energy and environment strategy and has bright prospects in China.

Introduction
1. Status of biomass energy resources

There are abundant biomass resources in China, including crop residues, firewood and various kinds
of organic wastes. Biomass is the main source of household fuel. Generally speaking, annual biomass
production is about 5 billion tonnes, of which about 600 million tonnes can be used for energy purposes.
It accounts for about 70 per cent of the energy consumed by households in rural areas, and in some
remote areas, it may account for as much as 100 per cent. Table II.1 shows biomass energy resources in
China in 1993.

Table II.1. Biomass energy resources in China (1993)
(Million tonnes)

Biomass resource Annual production
Crop straw 450
Rice husk 15
Sugar cane 67
Forestry residue 15
Garbage 73
Municipal sewage 146
Waste water 18,250

Crop residues are of three main kinds:

¢ Straw.
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Sawdust from timber processing plants.

Residue from agricultural and forestry product processing, such as rice husks from rice mills,
bagasse from sugar mills and sawdust from furniture manufacturers.

Firewood is one of the main sources of energy in rural areas, accounting for about 70 per cent of
the total biomass used by households for energy. However, it is in short supply, since there is
limited land on which to plant trees. In 1993, about 5.5 million hectares of firewood land supplied
about 30 million tonnes of firewood.
2. Main characteristics of the use of biomass energy resources

~ The use of biomass for energy has three characteristics:
Low energy density and extensive distribution. The total output of grain in China was 442.7 million
tonnes in 1992 and the total amount of wheat, rice and corn straw collected was about 478.6 million
tonnes, or 232.5 tonnes of coal equivalent (tce). Although the quantity of straw is quite large, its
energy density is much lower than that of coal. The average calorific value per kilogram of biomass
energy resources is 3,500-4,000 kcal, whereas that of coal is 5,000-7,000 kcal.
Small-scale, decentralized and low-efficiency utilization. The total consumption of biomass energy
is 230 million tce, accounting for 40 per cent of total energy consumption in rural areas. The use
of energy from biomass is mainly in households, where a very low efficiency, 10-20 per cent, is
achieved.
Direct burning, without conversion to secondary energy. In rural areas, the excessive use of
biomass has led to serious ecological damage such as deforestation, soil erosion and loss of soil
fertility. Moreover, agricultural residues are mostly burned directly, which causes serious air
pollution, especially during harvest.

A. Current technologies for the use of biomass energy resources
With current technologies there are four ways of using biomass energy in China:
Direct combustion.
Bioconversion (anaerobic digestion to produce biogas).
Mechanical conversion (gasification or densification).
Hydrolysis (to make alcohol).

1. Direct combustion

Direct combustion is an important way to utilize biomass in rural China nowadays. Since 1980, to

improve energy efficiency, protect the environment, promote the well-being of women and improve
living conditions in rural households, the Government of China has promoted the National Improved
Stoves Pilot County Programme (NISPCP) throughout the country. The aim of the programme is for
more than 90 per cent of all rural households in a pilot county to use stoves with a heat efficiency of over
25 per cent within three years of the contract period and to establish a system for training, marketing,
selling and maintaining the stoves.
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By the end of 1993, 732 counties had carried out NISPCP contracts, which means that 150 million
rural households had replaced traditional stoves with improved stoves; in other words, over 70 per cent
of the households in rural China were using improved stoves.

To achieve a complete burning of the fuel in the stove chamber and a conversion efficiency over
25 per cent, the stove must be designed in accordance with the fuel characteristics and combustion
theory. Compared with traditional stoves, improved stoves (always installed with chimney, grate, air
chute and surplus heat recovery system) had efficiencies that were 10-30 per cent higher. Table 1.2
shows the basic specifications of some improved stoves.

Table IL.2. Basic specifications of improved stoves

Factor Unit Specification
Heat efficiency % >25
Rate at which temperature is ,
raised °C/min. >5
Evaporation rate kg/min. > (.08
Cost Y/stove 60-100
Firewood savings tonnes/stove/year 1

Each stove can save 1-1.5 tonnes of firewood annually. To build a new, improved stove costs
60-100 yuan renminbi (Y), and the cost of the firewood saved every year amounts to over Y 100-200,
which indicates that the investment costs for new stoves are recovered in one year. According to
preliminary estimates, energy savings reach about 50 million tce and 30 million tonnes of CO, emissions
are avoided annually in China owing to the use of improved stoves. Figure II.1 shows the proliferation
of improved stoves in China.

Figure IL1. The proliferation of improved stoves in China, 1985-1993
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2. Anaerobic digestion (biogas technology)

Anaerobic digestion is a bioconversion technology that has been widely adopted in China. In recent
years, the promotion of biogas technology, especially in rural areas, has achieved remarkable progress
and has accumulated a great deal of experience in China. By the end of 1993, there were 5.2 million rural
household biogas digesters in normal operation for cooking and lighting and, in some areas, for
electricity generation. Generally, household biogas digesters work by anaerobic digestion at ambient
temperatures and have a gas production rate of over 0.2 m*/m? digester. Figure I1.2 shows the progress
of household biogas digesters from 1985 to 1993. Annual biogas output from households is over
1.2 billion m?. '

Figure IL.2. The proliferation of household biogas digesters, 1985-1993
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To improve the technology for anaerobic digestion, scientific research institutes, colleges and
universities, as well as institutions promoting rural energy, have worked extensively on raising gas
production, reducing the cost of maintenance and extending the biogas digester’s operational life as well
as on integrating use of residues from the digesters to maximize benefits. Researchers have called for
the comprehensive utilization of the biogas system by integrating the use of residues from livestock
production and crop production.

Large and medium-scale biogas p'rojects total 84,000 units, of which more than 600 have a capacity
of 100 m®. The large and medium-size biogas digesters are used to treat highly concentrated organic
wastes from factories and livestock farms. Most of them make use of the anaerobic contact process, an
up-flow anaerobic sludge blanket, an anaerobic filter or a combination of these.

In the mid-1980s, the anaerobic contact processing of detained-type sludge was introduced along
with additional equipment for mixing and sludge recovery; the digesters were above-ground and were
insulated. Because the solid sludge remained mixed with anaerobic fermentation microbes for a long
time, the rate of gas production rose rapidly. When a pre-processor, an up-flow sludge bed and a sludge
bed plus filter are used together in biogas plants, the gas production rate increases substantially, and over
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85 per cent of chemical oxygen demand (COD) is eliminated. This combination is so successful that
environment protection standards can be met and the waste materials can be recycled.

In addition, post-disposal processing has recently been introduced. It produces organic fertilizer
and fodder from the digested material left after anaerobic fermentation, increasing the economic viability
of the biogas plant.

3. Biomass gasification

A biomass gasifier is a reactor that converts biomass such as agricultural and wood processing
residues to gas in a high-temperature chemical reaction. Although biomass gasification had been studied
in several institutes and universities in China, it was not commercialized until the end of the 1980s.
Nowadays, about 10 manufacturers in China produce between 500 and 800 biomass gasifiers every year,
with most of them having been used for drying and gas supply.

Gasification has a number of advantages:

+ It can convert biomass wastes to high-grade fuel without producing pollutant wastes.

¢ Energy conversion’efﬁciency is as high as 70-75 per cent. The overall heat efficiency is 1-2 times
greater than that of direct combustion. Fuel savings can be 30-50 per cent.

e There is less corrosion in the gasifier because biomass materials contain less sulphur and other
minerals.

» The gasifier has a simple structure and low cost.

The status of biomass gasification technology in China is shown in table 11.3.

Table I1.3. The status of utilization of biomass gasification technology in China

Diameter of Intensity Efficiency
Type gasifier (mm) (kg/m’h) (MJ/hr) Application
Up-draught 1,100 240 2.9 Heat for production
1,000 180 1.6 Heat for boiler

Down-draught 400 200 0.3 Power (10 kW)

600 200 0.66 Wood drying

900 200 1.490 Steam for boiler

600 200 0.66 Gas for household
Stratified down- 2,000 150 160 kW Power generation
draught 1,100 150 60 kW Power generation

200 398 2-5 kW Power generation
CFB* 400 2,000 42 Steam for boiler
CFB with medium 150 2,000 0.67 For use by 400
thermal value households

“CFB = circulating fluidized bed.
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4. Biomass briquetting

Biomass briquetting is a mixture of biomass shaping and charcoal-making technologies. Biomass
can be shaped by continuous extrusion or by moulding. The former technique makes use of an open
container in which the raw materials are pressed from one side and come out from the other side
continuously; the latter technique uses a closed container in which the raw materials are pressed between
the top and bottom. Most of the briquetting machines developed in China are of the screw-extrusion type
(see table 11.4).

The particle diameter and the moisture content of the raw materials influence the efficiency of the
briquette-making machines and the quality of the moulded products. The diameter and moisture content
can be controlled by grinding and drying the raw material before briquetting, although this preprocessing
increases the product cost. Up to now, there has been no production in China of moulded fuel using
agricultural straw and stalk as the raw material, because of the poor transportation infrastructure, the low
calorific value and high energy consumption of the straw and stock and the high cost of its preprocessing.

Table I1.4. Main specifications for different models of screw press biomass
briquette equipment in China

Model
Characteristic Unit OBM-88 JX-7.5 MD SZJ-80A
Motor power kw 11 7.5 11 55
Electric heater kw 6 3 3 3
Main shaft pm 20 270
Weight kg 700 350 750 330
Dimensions m 1.7x07x16 | 22x08x155] 2x15x17 125x0.56 x 1.1
Power consumption kWh 83 10 10 14
Average productivity kg/hr 120 110 120 85

B. Prospects for the development and use of biomass energy resources

China is rich in biomass energy resources. More than 570 million tonnes of biomass from
agricultural fields and 150 million tonnes of firewood were produced in 1992, and this is expected to
reach 610 and 200 million tonnes, respectively, by 2000. In timber processing, about 25 per cent of the
wood is residual and could be used as fuel. Excess wood and straw that are usually burnt in the field can
also be used instead of firewood, returned to the fields as fertilizer or used as fodder or as a raw material
for industry. If all the above-mentioned biomass resources could be turned to higher grade bioenergy and
put to use, a huge amount of energy would be realized, bringing economic as well as environmental
benefits. It could be the basis for sustainable development in rural areas.

Waste manure and other organic materials from livestock farms and municipal areas could be another
important source of biomass for energy production. It is estimated that about 22 billion tonnes annually
of waste water will be discharged from households in cities and towns by the end of the century, and
industrial waste water will amount to about 50 billion tonnes, of which 230 million tonnes are manure,
14 billion tonnes are industrial organic wastes and 1.93 billion tonnes are livestock manure. If the
anaerobic digestion technology is adopted to treat those organic materials, biogas output would be
250 billion m® annually, or 180 million tce.
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Based on the present economic situation and policies, different technologies have different prospects:

Improved stoves. Although the current type of improved stove has reached an efficiency of 20 per
cent, higher efficiency, about 40 per cent, could be reached with various kinds of materials. It has
also been suggested that improved stoves should be standardized to facilitate their marketing.

Biogas technology. To increase efficiency, the technology for small digesters has to be improved.
In addition, medium-size and large digesters will have to be developed, particularly for urban areas.

Biomass gasification. For the time being, this technology mainly provides gas for cooking and
heating in rural households; in areas with a shortage of electricity, it can be used for power supply.

Biomass briquetting. The key problem with briquetting technology is the short life of the screw,
which generally lasts no more than 100 hours; the lifetime of the driving parts is also very short.

Another constraint is competition from coal.

Biomass conversion offers a significant potential for increasing energy production and replacing

conventional fuels. Such a transition could have significant environmental and socio-economic benefits
since biomass is a renewable energy resource. Although it is difficult to predict the amount of energy
from biomass that will be used in the next century, it is clear that biomass conversion technologies will
be further commercialized. Meanwhile, suitable services, monitoring and management systems should
be established to encourage energy from biomass, which in turn will contribute to sustainable
development in China.
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III. BIOMASS AS AN ENERGY SOURCE: AN ASIAN-PACIFIC
PERSPECTIVE

Kyi Lwin
Energy Resources Section, Environment and Natural Resources Management Division
Economic and Social Commission for Asia and the Pacific

Abstract

Biomass is the most commonly used renewable source of energy in the region covered by the Economic
and Social Commission for Asia and the Pacific, making up an average of 50 per cent of energy supplies
in the developing countries. However, experience over the past one and a half decades in rural energy
supply in the ESCAP region suggests that biomass resources are unlikely to compete with conventional
supplies in meeting expanded rural energy needs for fuel, electricity and fertilizers. Nevertheless,
biomass, especially wood and agricultural residues, will remain the main energy source in most
countries of the region for the next two decades.

The development of biomass energy systems in the ESCAP region is at different stages for
different types of biomass resources. Efforts have been concentrated in six areas: direct combustion,
gasification, co-generation, anaerobic digestion, densification and dendrothermal processes. Among the
biomass technologies presently being promoted in the region, biogas and cooking stove programmes
are the largest in terms of scale, operations and coverage. Co-generation is promising as its economic
advantages make it attractive to industrial consumers, particularly the booming food and fibre
production and processing industries, which produce enough biomass feedstock to warrant installing
co-generation facilities. Despite its potential, the production of liquid fuel from energy crops is presently
taking place in only a few countries.

The major constraints on extending the use of biomass include the difficulty of assessing
resources, poor local acceptance of technology (mainly for social and economic reasons), lack of
financial resources and manpower, environmental concerns, the absence of up-to-date local technology
and the lack of after-sales services.

Appropriate technologies to develop and harness the region’s vast biomass resource base to
augment energy supplies, particularly in rural areas, has been a major issue in the developing countries
of the ESCAP region. This paper analyses resources and issues in the development and diffusion of
biomass technologies and environmental concerns. Since biomass is moving from a technology-
dominated phase to a market-led phase, future directions in biomass development should be market-
driven rather than technology-oriented. Efforts should be devoted to the commercialization and
marketing aspects of biomass technologies. Intercountry cooperation through regional groups working
in new and renewable energy sources and in rural energy planning is needed to diffuse these
technologies. ESCAP’s approach to the issues is briefly presented.

Introduction
Biomass is all the organic matter that can be derived from photosynthesis. It encompasses wood

and agricultural residues, animal discharges (dung), municipal wastes and refuse from the food and
manufacturing industries. It is geographically widely distributed. It can be converted into three fuel
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forms: solid, liquid and gaseous. Biomass is the world’s fourth largest energy source today. Given its
enormous potential as an energy source, biomass will be the most important renewable source of energy
in the twenty-first century.

In the ESCAP region, biomass is the most commonly used renewable source and is the principal
source of rural energy supplies. Over the past decade, countries in the region have devoted efforts to the

development and wider use of biomass to augment existing energy supplies, particularly in rural
areas [1-9]. ’

The aim of this paper is to present an overview of the regional biomass programme and the leading
issues and constraints, with a view to contributing to the discussion at the Symposium of regional and

international policies and strategies that will reinforce national endeavours in the exploitation of biomass
resources for energy purposes.

A. Share of biomass in world energy supply

Biomass provides 14-15 per cent of the energy used worldwide and 35-38 per cent of the energy
used in developing countries (figure II1.1) [1-3, 10-12]. The world’s biomass consumption, as estimated
by the International Energy Agency (IEA) and the World Energy Council, is shown in table IIL.1. The
annual growth rate of world biomass consumption is estimated at 2.8 per cent [13]. Table III.2 shows the
IEA projection of world biomass consumption up to the year 2010 [13]. In 1990, the biomass
consumption in developing countries was equivalent to 900 million tonnes of oil equivalent (Mtoe).
About 45 per cent of this biomass (400 Mtoe) was wood [11].

Table III.1. Estimates of world biomass consumption
(Million tonnes of oil equivalent)

Source of estimate Consumption
IEA Statistics 610
World Energy Council (1990) 1, 051
IEA World Energy Outlook (1995) 838

Source: World Energy Outlook, 1995.

Table IIL.2. Estimates and projections of world biomass consumption
(Million tonnes of oil equivalent)

2010
Capacity constraint
Region 1992 scenario Energy saving scenario
OECD 161 224 233
Africa 150 235 209
China 182 122 122
South Asia 155 176 159
South and Central America 86 93 96
Other 104 104 104
Total 838 954 923

Source: World Energy Outlook, 1995.
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Figure III.1. Primary energy use for the world (top), industrialized countries
(middle) and developing countries (bottom) in 1985
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Source: D. O. Hall and others, "Biomass for energy: supply prospects", Renewable Energy Sources for Fuels
and Electricity, T. Johansson, ed. (1993). '
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B. Resources: availability and utilization

The main biomass resources in the region are wood and agricultural residues, energy crops and
animal wastes (dung).

1. Fuelwood

Fuelwood, the most popular and traditional biomass resource in the region, contributes the greatest
amount to the energy supply in rural areas. It is obtained from numerous sources, ranging from forest
plantations and common woodlands to on-farm tree plots. Forests and woodland in the Asia-Pacific
region occupy approximately 662 million ha, about 17 per cent of the world’s total. On a subregional
basis, South-East Asia has the largest forest area, followed by East Asia, the Pacific and South Asia
(figure I11.2) [14]. Another source puts the total forested area in Asia at 440 million ha, about 42 per cent
of the total land area (table I11.3) [15].

Figure II1. 2. Distribution of forest in the Asia-Pacific region
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Source: FAO, 1994,

Table II1.3. Forest area in relation to land area

Area (million ha) Proportion of forest
Region/country Land Forest (%)
South Asia 442 84 19
Continental South-East Asia 196 68 35
Insular South-East Asia 286 194 68
Central tropical Asia 75 54 72
Papua New Guinea 46 40 87
Total/average 1,045 440 42

Sources: Natural Resources of Humid Tropical Asia, UNESCO, Paris, 1974; Forest Resources of Tropical
Asia, FAO-UNEP (GEMS), 1981.
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Three countries, Australia, Indonesia and China, have more than 100 million hectares each under
forest cover, constituting about 52 per cent of the total forest area in the region. Most of the other
countries have at least 20 per cent forest cover [16] (table I11.4). Indonesia has one of the largest tropical
forest areas in the world, and natural forests are one of its most important assets.

Table I11.4. Forest area in the Asia and the Pacific region, 1992

Forest and woodland
Area Proportion of total land
Country/area (thousand ha) (%)
Large area of forested land
(100 million ha)
China 130,495 ' 14
Indonesia 108,600 60
Australia 106,000 14
50% forested land
Solomon Islands 2,560 91
Papua New Guinea 38,200 84
Vanuatu 914 75
Democratic People’s Republic of Korea 8,970 74
Japan 25,230 67
Cambodia 11,600 66
Republic of Korea 6,404 65
Fiji 1,185 65
Malaysia 1,352 - 59
Lao People’s Democratic Republic 12,500 54
Bhutan 2,560 54
20-50% forested land
Myanmar 32,387 49
Western Samoa 134 47
Nepal 5,350 39
Philippines 1,000 34
Sri Lanka 2,100 32
Viet Nam 9,650 30
New Zealand 7,380 28
Thailand 13,500 26
India . 68,500 23
20% forested land
Bangladesh 1,890 15
Tonga 8 11
Islamic Republic of Iran 18,020 : 11
Mongolia 13,915 9
Pakistan 4,050 5
Maldives 1 3

In terms of fuelwood and charcoal production, the Asia-Pacific region experienced an annual
average growth of 2.1 per cent (compared with world average growth of 1.8 per cent) over the 1982-1992
period. The production of fuelwood and charcoal has remained high in South Asia, followed by South-
East Asia and East Asia, with comparatively low production in the Pacific (figure II1.3). With the
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exception of Japan and the Republic of Korea, the production trend of fuelwood and charcoal either
increased or remained constant over the 1982-1992 period [14].

Figure I11.3. Fuelwood and charcoal production in the Asia-Pacific region, 1991
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Source: FAO, 1993,

The Asia-Pacific region is by far the biggest consumer of fuelwood,; its share in world consumption
is 48 per cent, and about 1.5 billion people depend on fuelwood or charcoal to meet their daily
cooking/heating needs [6].

2. Agricultural residues

The agricultural sector plays a dominant role in the national economies of most developing
countries in the Asia-Pacific region. Increasingly large quantities of agricultural residues are being
produced every year as by-products or wastes on farms or agro-processing installations. Most Asian
countries are rice-growing countries, and rice husk is by and large the most abundant crop residue that
can be used for process heat, shaft power and/or electricity generation.

Rice husks, bagasse, palm oil, coconut and wood residues production in the ASEAN region, as
reported by Tanticharoen and Wibulswas at the ESCAP-organized Asia-Pacific Renewable Energy
Symposium in Australia, July and August 1995, is shown in tables II1.5-8 [17]. Rice straw, maize stalks,
cassava stalks, corn-cobs etc. are also extensively used in the ASEAN region [18].

The total supply of these agricultural residues is more than 13 million tonnes per year in Malaysia
and 35 million tonnes per year in Thailand [19, 20]. Table II1.9 shows the utilization of rice straw in
ASEAN countries. Better utilization technologies are being identified or developed.

Certain types of industrial waste water are utilized for biogas production. Several breweries in
Thailand now generate biogas from their liquid wastes. Liquid wastes from sugar mills and palm oil mills
are also being considered for biogas generation. In Malaysia, the annual production of palm oil mill
effluent is more than 10 million m® [17].
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Table II1.5. Husks production and energy equivalent in the rice sector in ASEAN countries

Husk Primary energy content Potential energy
Country (million tonnes) (Mtoe) (GWh)
Indonesia 11.3 36 4,500
Thailand 3.8 1.2 1,500
Philippines 2.5 0.8 1,000
Malaysia 0.3 0.1 120
Total ASEAN 17.9 5.7 7,120

Source: Report of ASEAN-EC Programme, AIT-Bangkok, July 1993.

Table II1.6. Bagasse production and energy equivalence in the sugar sector in

Country

Thailand
Indonesia
Philippines
Total ASEAN

ASEAN countries
Primary energy Potential

Bagasse content energy Maximum power
(million tonnes) (Mtoe) (GWh) generation (MW)

11.8 2.1 4,000 1,600

9.0 1.6 3,000 670

5.9 1.1 2,000 440

26.7 4.8 9,000 2,710

Source: Report of ASEAN-EC Programme, AIT-Bangkok, July 1993,

Table II1.7. Biomass residues from palm oil mills in ASEAN countries, 1989

(Thousand tonnes)

Country Bunches Fibres Shells
Indonesia 2,352 1,840 716
Thailand 253 198 77
Malaysia 7,047 5,515 2,145
Philippines - - -
Singapore - - -
Brunei - - -

Source: Report of ASEAN-EC Programme, AIT-Bangkok, July 1993.

(Thousand tonnes)

Table II1.8. Coconut and wood residues in ASEAN countries, 1989

Country Coconut husks Coconut shells Wood residues
Indonesia 3,530 1,890 11,760
Thailand 483 220 752
Philippines 5,926 2,540 966
Malaysia 440 236 6,580
Brunei 70
Singapore 273

Source: Report of ASEAN-EC COGEN Programme, Malaysia, April 1992.
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Table I1I1.9. Use of rice straw in selected ASEAN countries
(Percentage used)

Country Feed Paper Fuel
Indonesia . Nil

Malaysia - - .
Thailand 50 30 10

Source: Country Reports on Rice By-Product Utilization.

C. Biomass energy systems and market opportunities

The development of biomass energy systems in the ESCAP region is at different stages for different
types of biomass resources. Efforts have been concentrated in seven areas: direct combustion,
gasification, co-generation, biological conversion of biomass, densification, dendrothermal systems and
fuel alcohol.

1. Gasification

Gasifiers ranging in size from small (less than 3 kW) through medium (300-500 kW) to large
(larger than 500 kW) have been developed for electricity production in the region [8]. However, some
technical problems such as type of fuel (rice husk, corn-cobs, coir dust, wood chips), tar removal and
gasifier design limit the widespread application of this technology. Technological improvements have,
however, been achieved during the last decade, resulting in new designs that address the above-
mentioned technical problems [1, 2].

In rural areas, the ability to produce small amounts of mechanical power using locally available
renewable fuels is extremely valuable, regardless of the production efficiency. Of all alternative sources
for rural areas, producer gas from the gasification of biomass appears to have the greatest potential in
small-scale power production.

Gasification systems operated on charcoal that produce less than 5 kW of power have been
reported [1, 2, 8]. They are particularly suitable for rural applications. The use of wood, coconut shell
and corn-cob for gasification is possible only in large-scale applications, where qualified personnel are
available to service the system [1-8].

Direct heat gasifiers are becoming popular for industrial applications, particularly in processes that
can be operated efficiently with gaseous fuel. Up to now the only practical use of pyrolysis has been
carbonization or charcoal production [1, 2].

2. Co-generation

A promising application of biomass in the region is the co-generation of electricity and heat for on-
site needs and electricity for export to the local electric utility. The significance of this market is clear
from the amount of electricity generated from three agro-industries in Asia: sugar, palm oil and rice
mills [1-8, 17-20]. These three types of mills have the potential to produce saleable electricity in excess
of their normal heat and power consumption. For example, Thai agricultural industries supply about 10
per cent of the power generation capacity of the country [19, 20].
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A joint European Union-ASEAN co-generation programme was established in 1991 [17]. From
1991 to 1994, the programme identified significant potential for the transfer of proven technologies for
generating heat and/or power from wood and agro-industrial residues. The use of rice appeared
promising in the Philippines and in Thailand. The capacities of Indonesian and Malaysian rice mills
were, however, too low to envisage power generation from rice husks. The sugar sector as well was
promising in the Philippines and in Thailand, but despite the potentially high profitability of investments
in these power generation systems, sugar and rice mills in the Philippines might be reluctant to adopt
these technologies due to the lack of investment funds. The privatization of the sugar industry in
Indonesia, now envisaged, could offer scope for the European Union-ASEAN programme in the
future [17].

In the wood sector, Indonesia and Malaysia were top world producers; in the Philippines and in
Thailand, logging bans have decreased near-term opportunities. In Indonesia, the tariff for the purchase
of power from independent power producers has been approved and will provide opportunities for
installing industrial-scale biomass energy equipment and will benefit the wood and agriculture industries.
The opportunities for selling excess power generated from palm oil wastes were limited in Malaysia and
Thailand.

3. Biological conversion of biomass

Biogas technology can be applied at different levels: on farms, in industries and on landfill. In the
Asia-Pacific region, the use of biogas technology ranges from rural applications, aimed at the hygienic
disposal of animal manure and the production of energy for cooking, to the larger scale production of
biogas from agro-industrial wastes with a view to reducing pollution and increasing energy recovery.
Industries that could benefit from biogas technology include pineapple canning factories, tapioca starch
factories, pulp and paper factories, palm oil mills and alcohol distilleries. In the ASEAN region, biogas
is being increasingly produced from industrial wastes [1-9, 17-20]. Biogas from tapioca starch waste
water, palm oil mill effluent, pineapple cannery waste and banana waste has been the subject of intensive
study under the auspices of the Working Group on Food Waste Materials of the ASEAN-Australian
Economic Cooperation Programme [17]. Under this cooperative programme, the waste water from the
processing of tapioca (Thailand’s production accounts for half of Asian production and 15 per cent of
the world total) is being treated and used in Thailand to produce biogas and cultivate algae using the
digester effluent [17].

Biomethanation is a marketable biotechnology, but success requires sustained confidence and
profitability. In Thailand, about 20 industrial biogas plants have been built using imported technology
[17]. Fewer than half of these plants are active, mainly for technical and economic reasons. This has
given anaerobic digestion a bad image among Thai industries, and few new plants have been
built [1, 2, 17].

While landfilling is generally regarded positively as a means of reclaiming spoilt land, pressures
on land use make it unattractive in countries such as Japan. The future of landfill gas as a fuel is tied to
a number of issues of global significance. Unless much more waste is recycled or materials reclaimed,
disposal to landfill will not be a popular option in the region or elsewhere [1, 2, 17-20].

4. Densification of biomass
Densification has been used in some countries of the region. Densified fuels based on agro-

industrial residues are used as a substitute for fuelwood in small-scale industries and for household
cooking [3].

51



South and South-East Asia and China have a large potential supply of residue for briquetting. The
most promising residues for briquetting are sawdust, cotton stalks, groundnut shells, rice husks and
coconut pith. In some places, these residues have little or no alternative use.

A survey of briquetting activities in Thailand, India, Nepal, Sri Lanka, Malaysia and the Philippines
by the University of Twente in the Netherlands indicated that private investments in briquette production
had exceeded US$ 15 million over the past 10 years (mainly in India and Thailand) [21]. Success was
limited, for a number of reasons:

*  Mismatch of technology, raw materials and prospective market.
»  Unsuitability of the briquettes for the intended market.

» Technical difficulties.

*  Excessive operating costs (mainly electricity and maintenance).

Briquetting can only compete in a monetized fuel economy. Uncarbonized briquettes have to compete
with fuelwood, coal or lignite, whereas carbonized briquettes compete with lump charcoal.

Today, the most likely market for uncarbonized briquettes is in energy-intensive, fuelwood-using
industries, where fuel costs are substantial relative to product value (e.g. in brickmaking, potteries, lime
kilns). This industrial sector is a major employer and currently faces wood shortages and high fuel bills.

The Twente University study [21] also identified another mark