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Energy Recovery from MSW
- a synopsis by Niranjan Patel & Samantha Isaac

Typical composition O/MSW (wt %)

Municipal solid waste (MSW) is the waste that is collected and controlled by a local authority or municipality, MSW comprises of waste from different sources,
each of which is heterogeneous, but the three main
sources are:
Household or Domestic waste: generated by individual
households. It will include all solid wastes originating
on the property and collected by the waste collection
service. Essentially this is the combined contents of a
dustbin or bin bag. Household waste will also include
waste delivered to a collection point by the householder. This may include bulky waste items (e. g. cookers, refrigerators) and garden waste, plus recyclable
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Putrescible 20 "i

Glass i«

i - 7 %/:
Metals 8%
Plastics 7 %
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Textiles 4 %

materials deposited in bring systems (e.g. bottle banks,
waste paper collections).
Commercial waste: waste generated by commercial
properties, in particular shops, restaurants and offices.
Institutional waste: waste generated in schools,
leisure facilities, hospitals (excluding clinical waste).
The typical composition of MSW is presented in the
figure to the left.
The amount of MSW generated every year in the
developed nations exceeds 400 million tonnes. Much
of this waste is currently landfilled, but in energy
recovery terms, the waste represents an energy
resource equivalent to about 50 million tonnes oil
equivalent per year, or about 6ooTWh/y.
There is no way of eliminating waste entirely.
There will always be a need to dispose of some mate-
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rials which cannot be recovered in any other way. In
order to achieve sustainable waste management
practices it is necessary to place more emphasis on
waste reduction, re-use and the recovery of energy, rather than the disposal of waste where no energy
recovery takes place.
This presentation is intended to provide a brief
background to the principal energy recovery options;
waste combustion, anaerobic digestion and landfill gas.

Household waste has a calorific (heat) value about
one third that of coal. As a very rough guide, 100,000
tonnes per year of MSW would yield about 15 MW
heat or 5 MW of electricity. In addition to the benefits
of energy recovery, the volume of waste to be finally
disposed is reduced by up to 90 %.
Whilst disposal to landfill has traditionally been
the primary method of dealing with household
waste, more emphasis is now being placed on
recovery of materials and energy prior to disposal.

Waste Combustion
Energy recovery from waste combustion consists of the burning of
waste in specially designed furnaces
and recovering and utilising the heat
- either directly to heat homes or to
generate electricity.

Mass burn

The majority of such facilities use a technology called
'mass burn', where mixed unprocessed waste is burned on a continuously fed grate.
The basic components of a mass burn facility are:
- the waste bunker and reception building where
waste is delivered by road and stored prior to use
- the combustion unit(s) which burn the waste
- the heat recovery and power generation plant
- the flue gas cleaning equipment which cleans the
combustion gases prior to discharge to air
- the ash collection facility
- the exhaust stack which discharges the combustion
gases to the air.
The primary combustion of the waste takes place in
a furnace which consists of a fire-proof chamber.
Non-combustible material and ash are discharged
from the end of the grate into a water quench pit,
from where it is removed for further treatment and
recovery e. g., in construction, or disposal by landfill.
Energy is recovered from the hot combustion gases
which are produced in the furnace. These gases are
directed to boilers which normally comprise of superheaters and economisers to increase energy recovery.
Energy is transferred from the hot combustion gases
to water in the boiler tubes, generating hot water and
steam and cooling the gases. The steam is used to
turn a turbine and generate electricity. Such plant is
capable of producing 500 kWh of electricity per tonne
of waste burned.

After the boiler the cooled combustion gases are
cleaned by passing through a pollution abatement
plant consisting of semi-dry scrubbers (acid gas removal) and fabric filters (fine particulate removal).
These clean combustion gases are then exhausted to
the atmosphere via a chimney.

Refuse Derived Fuel (RDF)
An alternative way of recovering energy is to process
the waste into a homogenous feed material or RDF,
and then burn it in specially designed boiler plant
such as a fluidised bed combustor.
Unlike mass burn combustion which burns the
waste on a grate, fluidised bed combustors burn RDF
in suspension. The fuel is held above the furnace
floor by a strong, upward flow of combustion air
mixed with a 'bed' of inert material, typically sand.
As the air moves up through the bed, it creates a turbulent environment that the keeps fuel and combustion
air uniformly mixed, which aids complete combustion.
The process of energy recovery is similar to that employed in the mass burn facility.
Homogenous feed material (RDF ).

Recovering energy by combustion of waste achieves the
following:
- Provides energy - 500 kWh electricity per tonne
Of MSW

- Achieves 90 % volume reduction of waste requiring
disposal
- Helps to minimise landfill requirements of wastes
- Conserves natural energy resources
- Reduces green-house gas emissions which would
result from the landfilling of waste
- Provides a cost-effective waste treatment solution.

Anaerobic Digestion
Anaerobic digestion is the process in which organic
waste is degraded to a relatively stable product by
micro-organisms in the absence of oxygen.
Wastes that are suitable for anaerobic digestion are
biodegradable organic wastes including paper, card,
plant material and food wastes. Anaerobic Digestion
produces a biogas which can be utilised as a fuel to
generate heat and /or electricity.
Having separated any recyclable or unwanted
materials from the incoming waste, the organic material is shredded and fed into the digestor when water
is also added.
The digestor

The wastes remain in the heated digestor at temperatures around 35-37°C for periods of between 10-20
days. The biogas produced during the decomposition
are extracted continuously.
After the biological degradation is complete, the
solid residue known as 'digestate' is removed and
dewatered before further treatment or disposal.
The fate of the digestate is dependent upon the
degree of contamination with materials such as glass

and plastic. Digestate characterised by a high level of
contamination tends to be disposed to landfill as there
are few possible uses for it. However it will present a
much lower risk of pollution to the environment than
undigested waste as it has already been pre-treated.
The weight and volume of the waste have also been
reduced which helps to maximise the use of available
landfill capacity.

Solid digestate producedfrompresegregated waste (low level of contamination) may be used as a soil
conditioner after receiving further
treatment such as screening and
composting.

Landfill Gas
Landfill has traditionally been
the primary method of dealing
with household waste. Whilst
this is now seen as the method
of last resort for the treatment
of waste, there will always be
a need for landfill as many
materials cannot be recovered
or managed in any other way.

When biodegradable waste such as paper, plant
material and waste food are disposed to landfill,
bacteria break down these wastes to produce a biogas
commonly referred to as landfill gas. This gas can be
collected and utilised as a source of energy.
Energy from landfill gas.

Pumping station for landfill gas.
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Landfill gas combustion in u cement kiln

Once collected, the gas can either be flared off, to
destroy the methane and organic contaminants, or
used as a fuel.
Such systems make the best use of material disposed
to landfill and also reduce the amount of fossil fuel
burned for energy production. This in turn reduces
the potential environmental impacts ot burning fossil
fuels, including acid rain production.
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An Integrated Approach
An economically and environmentally sustainable
solid waste management system is likely to be integrated, market-oriented and flexible. The execution of
these principles will vary nationally and regionally.
An integrated waste management system would include
waste collection and sorting, followed by one or more of the
following options:

Recovery of secondary materials (recycling): this
will require adequate sorting and access to reprocessing facilities
- Thermal treatment: this will reduce volumes, render residues inert and is capable of recovering
energy
Biological treatment: this will produce marketable
compost or reduce volumes for disposal. Anaerobic
digestion produces methane which can be burned
to generate electricity
- Landfill: produces landfill gas which can be
collected and burned to generate electricity.

Pressures on conserving natural resources and al the same time
allowing economic growtli will lead many countries to seek to
implement sustainable waste management practices. Within this
framework energy recovery from waste can contribute significantly
to the benefit of both the environment and the economy.

Internationa! Enemy Agency
The International Energy Agency (IEA) is an autonomous body which was
established in 1974 within the framework of the Organisation for Economic Co-operation and Development (OECD) to implement an international energy programme. It carries out a comprehensive programme of
energy co-operation among its Member countries.
The basic aims of the IEA include
- Co-operation among IEA participating countries to reduce excessive
dependence on oil through energy conservation, development of alternative energy sources and energy research and development;
- An information system on the international oil market as well as
consultation with oil companies;
- Co-operation with oil producing and other oil consuming countries
with a view to developing a stable international energy trade as well as
the rational management and use of world energy resources in the
interests of all countries;
- A plan to prepare participating countries against the risk of a major
disruption of oil supplies and to share available oil in the event of an
emergency.
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A.

Welcome to IEA Bioenergy

Welcome to another Annual Report from IEA Bioenergy! This time a
separate colour section on Energy Recovery from Municipal Solid Waste
(MSW) has been included. The intention is to give similar presentations
from other sub-areas within the IEA Bioenergy collaboration in coming
Annual Reports.
IEA Bioenergy is the short name for the international bioenergy collaboration within the International Energy Agency - IEA. A brief presentation of IEA is given on the preceding page.
Bioenergy is defined as material which is directly or indirectly produced by photosynthesis and which is utilised as a feedstock in the
manufacture of fuels and substitutes for petrochemical and other energy
intensive products. Organic waste from forestry and agriculture, and
municipal solid waste are also included in the common studies, as well as
broader systems studies on techno-economical aspects and greenhouse gas
balances of whole bioenergy systems.
The IEA Implementing Agreement on Bioenergy, which is the
"umbrella agreement" under which the collaboration takes place, was
originally signed in 1978 as IEA Forestry Energy. A handful of countries
took part in the collaboration from the beginning. In 1986 it broadened its
scope to become IEA Bioenergy and include also non forestry bioenergy as
an energy resource. The number of participating countries has increased
during the years as a result of the steadily increasing interest in Bioenergy
nation-wide and world-wide. At the end of 1996, sixteen parties participated in IEA Bioenergy: Austria, Belgium, Canada, Denmark, Finland,
France, Italy, Japan, Netherlands, New Zealand, Norway, Sweden, Switzerland, United Kingdom, United States and the European Commission.
There is a general consensus among experts and governments
around the world that bioenergy is one of the renewable sources of energy
which are expected to play a major role in the future energy systems
needed to allow a sustainable development of human society. This is
noticed as an increased interest in IEA Bioenergy from countries outside
OECD, so called non member countries. Special provision has been made
to make it possible also for non member countries with strong interest
and programme on bioenergy to join as associates to IEA Bioenergy.
The work within IEA Bioenergy is structured in a number of Tasks,
which have well defined objectives, budgets and time frames. The
collaboration within IEA which earlier was focused on Research, Development and Demonstration is increasingly emphasising the Deployment
of Bioenergy in large scale world-wide.
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There are four ongoing Tasks during the period 1995-1997:
Task XII
Biomass Production, Harvesting and Supply
Task XIII Biomass Utilisation
Task XIV Energy Recovery from Municipal Solid Waste
Task XV
Greenhouse Gas Balances of Bioenergy Systems
IEA Bioenergy participants are invited to participate in all the Tasks,
but each participant is also free to limit its participation to those Tasks
which have a programme of special interest for the participant. The Task
participation during 1996 is shown in the following matrix:
Task XII Task XIII Task XIV Task XV
Austria
x
x
x
Belgium
x
Canada
x
x
x
x
Denmark
x
x
x
•
•
•
•

Finland
France
Italy
Japan

x
x
x
-

x
x
-

x
x
x

x
-

Netherlands
New Zealand
Norway
Sweden

x
x
x
x

x
x
x
x

x
x
x

x

Switzerland
United Kingdom
United States
European Commission

x
x
x

x
x
x
x

x
x
x
-

x
-

TOTAL

13

14

11

5

A progress report for IEA Bioenergy for the year 1996 is given in Section B
of this Annual Report.
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B.
1.

Progress Report
The Executive Committee

The IE A Bioenergy Executive Committee acts as "the board of directors" of
IEA Bioenergy. The Committee plans for the future, appoints persons to
do the job, approves the budget and (through its members) raises the
money to fund the work. The Executive Committee (ExCo) also scrutinises the progress reports and accounts from the various projects (Tasks)
within IEA Bioenergy.
The 37th ExCo meeting took place at Meriden, United Kingdom, on
21-22 May 1996. The 38th ExCo meeting was held in Vienna, Austria, on
12-13 November 1996.
The work in the ExCo with some of the issues during 1996 is described below.

"Marketing" of IEA Bioenergy
Considerable efforts are continuously being devoted to increase the
number of countries participating in IEA Bioenergy. The major emphasis
is directed towards countries which have their own development programme within bioenergy and are members of IEA or at least of OECD.
The most promising discussions are presently going on with Australia,
but there also seems to be some interest from Ireland and Germany.
Thanks to new provisions introduced in the IEA Bioenergy Agreement, there are also possibilities for countries outside IEA/OECD to join
the collaboration as Associate Contracting Parties. Such possibilities are
available, in particular, for countries which have strong national bioenergy programmes.
An invitation was received from OLADE, the Latin American Energy Organisation, to make a presentation of the IEA Bioenergy Programme at a seminar on Energy Recovery from MSW, held in Quito,
Ecuador in October 1996. Dr. Niranjan Patel, Operating Agent for Task
XIV, participated in the seminar on behalf of the Executive Committee.
Also, through a new provision in the IEA Bioenergy Agreement,
there is a possibility for industrial partners to join in the collaboration as
Sponsors. This is expected to have major significance on IEA Bioenergy as
it moves more and more towards deployment and large scale utilisation
of bioenergy. Some industrial companies have expressed an interest, but
so far only very preliminary discussions have taken place.
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Supervision of Ongoing Projects. Review and Evaluation
The progress of the work within IEA Bioenergy is reported to the Executive Committee twice per year in connection with the ExCo meetings. In
addition, there are Technical Advisory Committees in most of the Tasks,
which also monitor progress and assist the Operating Agents in the
evaluation of the work and in planning for the future.

Approval of Task and Secretariat Budgets
The budgets for 1996 approved by the Executive Committee for the ExCo
Secretariat and for the four Tasks were as follows:
Approx. equivJ in USD*)
600 000
88 000
ExCo Seer. Fund
SEK
Task XII
CAD
871 440
640 000
USD
Task XIII
488 235
488 000
Task XIV
GBP
216 251
360 000
Task XV
ATS
550 000
50 000
In total: 1 626 000
*) exchange rate as per end of December 1996

The contributions from the different participants are shown in Appendices 3.1 - 3.4. From these Appendices it can also be seen how the
participants contributed to the different funds.

Long Range Planning
A special task force was appointed at the ExCo36 meeting in November
1995 with the aim of planning for the development of IEA Bioenergy
from 1998 and onwards. The task force met several times during 1996. It
arranged a special half day seminar in conjunction with the ExCo37
meeting and presented its final recommendations at ExCo38. A number of
new Task Proposals are under preparation and will be further developed
during 1997. A new set of Tasks will be proposed for consideration by the
Executive Committee.

Seminars and Workshops
A large number of seminars and workshops are arranged every year by
individual Activities in the different Tasks within IEA Bioenergy. That is
one very effective way to exchange information between the participants.
These meetings are described in the progress reports from the different
Tasks later in this Annual Report.
Occasionally, seminars and workshops are also arranged by the Executive
Committee. No such events took place in 1996, except for the seminar on
the planning of the future IEA Bioenergy programme, already mentioned
above.
IEA Bioenergy was a co-sponsor of the 2nd European Liquid Biofuels
Forum, held in Graz, Austria, on 22-25 September 1996.
26

Information Material on IEA Bioenergy
The IEA Bioenergy Newsletter was issued twice during 1996. About 1800
copies of each issue were distributed, many of them to persons outside the
IEA Bioenergy network. A free subscription is offered to all interested
A World Wide Web page about IEA Bioenergy on the Internet, was
established early in 1996. The address can be found on the cover of this
report. The www site provides an introduction to IEA Bioenergy, lists of
current Tasks and Activities with contact points, and summary reports of
the previous Task period. It also carries copies of the IEA Bioenergy
Newsletter, the IEA Bioenergy Harvesting News and IEA Bioenergy
Liquid Biofuels Newsletter. Two substantial reports, including the
Handbook on "How to grow short rotation forests" are now downloadable
over the Internet.
Links are provided to the homepages of each of the current Tasks as
well as the IEA Homepage, other IEA Agreement sites and other Bioenergy sites. The site is proving a popular source of information about IEA
Bioenergy with several interested queries about IEA Bioenergy or seeking
co-operation each week.
A set of posters based on the Information Brochure from 1995 has
been produced for use in connection with exhibitions and conferences.
The posters were exhibited, together with distribution of other IEA
Bioenergy information, at the 9th European Bioenergy Conference & 1st
European Energy from Biomass Technology Exhibition in Copenhagen,
Denmark, in June 1996 and at the 2nd European Liquid Biofuels Forum,
held in Graz, Austria, in September 1996.

2.

Progress in 1996 in Ongoing Tasks

Biomass Production, Harvesting and Supply (Task XII)
The objectives of the Task are:
• To design and develop cost-effective and environmentally-sound
biomass production, harvesting and supply systems for energy purposes; and
• To disseminate the results to the participants of the Task including
relevant users and industry. Participants in the Task include the Operating Agent and secretariat, members of the Technical Advisory Committee, and leaders and other scientists working on ten research and
development Activities.
Thirteen countries are contributing to the Task: Austria, Canada,
Denmark, Finland, France, Italy, Netherlands, New Zealand, Norway,
Sweden, United Kingdom, United States of America, and the European
Commission. The 1996 budget for the Task was CAN$ 871,440.
In mid-1996, Prof. Louis Zsuffa, who had served for many years as
Operating Agent on behalf of Canada for Task XII and its predecessors,
27

resigned and was replaced by Dr. Graham Page of the Canadian Forest
Science.
For further details on Task XII, please refer to the following Appendices:
Appendix 1 List of Reports
Appendix 2 Operating Agent
Appendix 3.2 Budget
Appendix 4.1 Activities and Leaders
Appendix 5 Technical Advisory Committee
Progress in R & D Work

Substantial progress was made in 1996 towards achieving the objectives of
the Task. Some highlights for each of the Activities follow:
Forest Management
The aim is to improve the economies of biomass production in forests,
increase the understanding of the silvicultural processes involved and
develop the means to bring forward increased quantities of the forest
biomass to the market-place as cost-effectively as possible.
The Activity held a successful joint workshop with the Harvesting
and Environmental Issues Activities in Jyvaskyla, Finland on September
9-13. This workshop provided an excellent opportunity to report and
review progress to date, and to finalise plans for the remainder of the
Activity. Two pilot studies of forest management systems in use in
participating countries for production of biomass for energy in conventional forestry systems have now been completed - one in three eastern
provinces of Canada, and the other for several regions of Denmark.
Results of these two studies, which describe the various forest management and silvicultural systems which are being, or could be, used under
different stand conditions to produce biomass for fuel along with conventional forest products, were presented at the Jyvaskyla workshop. An
analysis of 15 years of growth, development and biomass production data
for a series of mixed birch-spruce trials in Norway was also presented at
the workshop. Also during the year, the proceedings of the Activity's
1995 workshop on Silviculture for Fuel wood were published as a special
supplement to the Norwegian Journal of Agricultural Sciences.
Harvesting
The aim is to enable participating countries to develop cost-effective
means to harvest and deliver wood for fuel.
The Activity met jointly with the Feedstock Preparation and Quality
Activity in Vejle, Denmark on March 28-29 for a workshop and study tour
on fuel chip characterization and standardization of measurement
techniques, as well as with the Forest Management and Environmental
Issues Activities at the workshop in Finland in September. The proceedings of the Activity's 1995 workshop on harvesting systems have been
28

published by the Danish Forest and Landscape Research Institute. A study
of the employment effects of fuelwood harvesting has been completed,
and the draft of a handbook for small scale fuelwood chipping operations
is under review. This Activity has placed much emphasis on disseminating the results of its work, and on establishing contacts and collaboration
with individuals and organisations working in allied fields. In this
regard, the second issue of "IEA Harvesting News" was published and
distributed during the year, and the Activity's database of contacts and
collaborators was expanded to 162 addresses in 20 countries, including
other IEA Bioenergy Activities, various industrial organisations, and
several multi-agency research programs at national and European levels.
Production Systems
The aim is to exchange information on the practical development of short
rotation forestry to enable the rapid deployment of cost-effective systems
in the participating countries.
The Activity held a joint workshop on non-technical barriers to
biomass production with the Systems Studies Activity in Vejle, Denmark
on June 28, at which time each participating country described its own
situation and how such barriers have been overcome. On June 29 - July 3
at the same location, the Activity met with the Environmental Issues
Activity to discuss work on sewage sludge and ash disposal in biomass
plantations. Publications from these two workshops will be available in
1997. An updated and expanded version of the handbook on how to grow
short rotation forests -- a major accomplishment of earlier work under
this part of IEA Bioenergy -- was prepared in early 1996. The computerized "Tool-book" version of this handbook has also been updated with all
new material. Through its participating scientists the Activity has also
maintained close contact with work on coppice reproduction in Sweden,
and on mechanisation of harvesting of both single stem and multiple
stem short rotation forests, especially willows, in both North America and
Europe.
Pests

The aim is to develop effective pest management and to prevent pest
problems in short rotation monocultures.
The Activity held an international symposium on pest and pathogen
problems in biomass plantations at Long Ashton, U.K. on September 23 25. This symposium provided an opportunity to synthesize results from
this Activity within the past three IEA Bioenergy task periods; the proceedings will be published in 1997. This Activity has collaborated closely
with the Stock Improvement and Characterization Activity, and is now
linked directly to the established willow breeding program in Sweden and
to a new breeding program which started at Long Ashton in 1996. As a
result of its continuing program of work, the Activity has generated new
information concerning the relative susceptibility of different willow
clones to rust diseases; this information will be most important in
29

guiding the transfer or exchange of willow stock between Europe and
North America. Work has also continued on the value of various clonal
mixtures and planting patterns for pest management in willow plantations; this study has important implications for plantation design, production methods, and performance of newly-bred or newly-introduced
clones, and recommendations based on its results have continued to be
updated and made available to willow producers.
Stock Improvement and Characterization
The aim is to further improve planting stock qualities, by effective and cooperative use of knowledge of genetics and growth processes.
The Activity met jointly with the Pests Activity at the international
symposium in Long Ashton, U.K. on September 23 - 25. Three main areas
of work continued to be pursued during 1996 under this Activity. The
first of these, carried out mostly in Sweden, is looking at the frost hardiness of different species and hybrids of willow. Results show that backcrossed trees generally possessed greater frost resistance, although clonal
differences in resistance within each cross were large. A second series of
experiments, on frost hardiness and timing of bud set of poplar hybrids, is
being carried out in the U.S.A. In the third area of research, being undertaken in Canada, molecular genetic techniques are being used to characterize and differentiate between different clones of willow and poplar.
Results will be made available to assist practitioners in selecting the most
appropriate willow and poplar clones for use under different site and
climatic conditions.
Liquid Biofuels
The aim is to select new varieties of high-yielding, low-input crops,
bearing oil or extractable sugars; to develop environmentally-sound and
low-cost biodiesel preparation processes; and to make biodiesel acceptable
to modern engines and devices, and compatible with national regulations
related to air quality and human health.
The Activity held a workshop and study tour in northern France on
June 3 -5, on the impacts of liquid biofuels on air pollution in urban areas.
A second Activity meeting was held in conjunction with the Second
European Motor Biofuels Forum in Graz, Austria on September 22 - 25.
The Activity participated in the planning and conduct of the Forum,
which was designed as a venue for co-ordination, explanation and display
of European Community policy concerning liquid biofuels, from raw
material to production and marketing. Nearly 400 participants from 26
countries attended. Participants in the Liquid Biofuels Activity have
devoted considerable effort to the dissemination of information on liquid
biofuels; highlights include a regular Liquid Biofuels Newsletter, which is
now being published four times a year and distributed to about 180
readers, a Liquid Biofuels Activity Folder containing information about
IEA Bioenergy in general and this Activity in particular, and an Index of
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Liquid Biofuels Projects, which was presented in draft form at the meeting
in Graz and will be published in 1997.
Lignocellulosic Solid Fuels
The aim is to collect and share up-to-date information on occurrence,
growth, energy potential, production, handling and utilization requirements and use of lignocellulosic energy crops.
In spring 1996, the Activity was involved in the "First European
Seminar on Sorghum for Energy and Industry" through its technical
expert on sorghum crops. On June 23 a short Activity meeting was held
in Copenhagen, Denmark, and on September 30 - October 1 the Activity
co-sponsored the "First European Energy Crops Conference" in the
Netherlands. In addition, all members participated during the year in an
EU project on "European Energy Crops Overview". On November 14 - 15
the Activity held a workshop and study tour at the company Claas in
Germany concerning the development of harvesting equipment for
energy crops. During this first task period, the Activity is attempting to
develop a broad overview of the whole bioenergy chain for many different lignocellulosic crops. To date, only European countries are participating in the development of this overview, but contacts have now been
established in the U.S.A. and Canada with a view to including those
countries in the information compilation and exchange at a later date.
Feedstock Preparation and Quality
The aim is to provide the means of evaluating optimal fuel up-grading
options, to measure the efficiency of supply with respect to the conversion
process and to develop improved internal handling systems which aid
the development of cost-effective systems in participating countries.
The Activity participated in a joint workshop with the Storage and
Drying Group of the Harvesting Activity in Vejle, Denmark on March 28 29. Discussions were focused on methods to determine moisture content,
size distribution, and particle shape in samples of wood chips from short
rotation willow plantations. Ways to improve and standardize present
methods were explored. The Activity also held a meeting on October 9 11 in Jutland, Denmark to discuss health aspects in relation to biomass
fuel quality. Proceedings from the Activity's August 1995 meeting in the
U.S.A. are being published by the Swedish University of Agricultural
Sciences, and proceedings from a September 1995 workshop on Biomass
Requirements for Power Production, to which the Activity contributed
two papers, will be published in the journal Biomass and Bioenergy.
During 1996, the Activity also began work on compiling a terminology for
solid biofuels used in the participating countries.
Environmental Issues
The aim is to evaluate environmental consequences of intensive biomass
systems and develop guidelines to ensure the environmental soundness
of such systems.
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The Activity participated in a joint workshop with the Production
Systems and Systems Studies Activities in Vejle, Denmark on June 28 July 3. The workshop included a study tour of bioenergy production
systems in Denmark, and four technical sessions focused on:
• a review of the contribution of short-rotation forestry to future energy
demand,
• a conceptual overview of environmental and landscape-scale planning
issues relating to biomass production,
• a technical review of the environmental impacts of biomass production systems, and
• a review of existing environmental guidelines and assessment of
future needs.
The Activity also met with the Forest Management and Harvesting
Activities in Jyvaskyla, Finland on September 9-13. At this workshop,
Environmental Issues Activity participants addressed environmental
issues associated with silviculture, harvesting, and other aspects of forest
management for bioenergy; the development of operational codes of
practice and their implementation using decision support systems; and
the use of both empirical and process models to better understand the
functioning and response to management of different biomass production
systems. The Activity's work on testing the validity of environmental
guidelines, and on reviewing guidelines for the use of biosolids in
biomass production areas, continued during the year. Attention was also
directed to the development of a conceptual framework for evaluating the
environmental sustainability of short rotation forest systems. In all of
these topics the Environmental Issues Activity has worked closely with
other Activities within IEA Bioenergy, as well as with a number of
industrial collaborators.
Systems Studies
The aim is to gain a better understanding of the interaction between stages
in the supply chain with respect to conversion processes and the effects of
non-technical barriers in order to aid the cost-effective deployment of
bioenergy technologies.
The Activity hosted a workshop on non-technical barriers to commercialization, in collaboration with the Production Systems and Environmental Issues Activities, in Vejle, Denmark on June 28. Papers
presented dealt with the development of a framework for assessing
non-technical barriers, and with a comparative study of barriers to
commercialization that have been encountered in Swedish and Austrian
biomass district heating systems. The Activity has also devoted a substantial effort to the development of biomass production modules on willow,
switchgrass, and hybrid poplar, for incorporation into the BEAM biomass
energy systems model. This model is being developed jointly by IEA
Bioenergy Tasks XII and XIII, and further details are provided in the
progress report for the Integrated Bioenergy Systems Activity of Task XIII.
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The work of this Activity is, by its nature, closely linked to the work of
several other Tasks and Activities of IEA Bioenergy, as well as to several
other national and multi-agency programs. The Activity has avoided
overlap or redundancy by working collaboratively with other groups, and
by focusing efforts on two topics - non-technical barriers, and production
system modules for BEAM — where unique challenges could be identified.

Biomass Utilization (Task XIII)
Moving Bioenergy into the Mainstream
Biomass is used as an energy source by many industries. At present, most
of this resource is burned to provide heat for industrial processing.
Biomass is also a significant resource for electricity generation, and more
electricity is generated from biomass than any other renewable source
except hydropower. Biomass also serves as an important source of liquid
fuels such as ethanol or biodiesel. For example, billions of liters of
ethanol are produced annually for transportation use.
Advanced utilization technologies offer the potential to further
increase the use of bioenergy through improvements in conversion
efficiencies, process economics, and environmental acceptability. The
objective of the Biomass Utilization Task is to increase the use of wood
and other biomass feedstocks by improving technologies for producing
energy and chemicals. Research efforts are focused on heat and power
generation from biomass, production of liquid fuels, and related crosscutting projects.
During 1996, fourteen participants including Austria, Belgium,
Canada, Denmark, Finland, Italy, Netherlands, New Zealand, Norway,
Sweden, Switzerland, United Kingdom, United States, and the European
Union were active in this effort. A budget of $US 488,235 was
appropriated for this work.
For further details on Task XIII, please refer to the following
Appendices:
Appendix 1
List of Reports
Appendix 2
Addresses
Appendix 3.3
1996 Budget
Appendix 4.2
Activities and Leaders
Appendix 5
Technical Advisory Committee
International Program for Meeting the Objective
The Biomass Utilization Task consists of a diversified program covering
the three-year period 1995-1997. The program consists of Activities in
several areas. In the thermal conversion area, Activities include work to
improve biomass combustion, gasification, and pyrolysis. An Activity on
biochemical conversion focuses on methods of producing ethanol from
woody biomass. Cross-cutting Activities on technoeconomic analysis and
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the modelling of integrated bioenergy systems are also part of this
program.
In 1996, the progress of all Activities has been significant. All held
working group meetings, and all are working with industry in a variety of
ways. Industry participants contribute important data on a variety of
technical subjects, present invited papers at Activity meetings, host site
visits, and give expert guidance on the direction and objectives of the
work plans. During this second year of co-operation, the Activities also
generated numerous publications describing their progress. More detailed
descriptions of the individual Activities are listed below, and publications
are listed in an Appendix.
Information exchange continues to be an important product of the
IEA co-operation. A major conference, "Developments in
Thermochemical Biomass Conversion," was held in Banff, Canada, May
20-24,1996. This conference was co-sponsored by IEA Bioenergy, Natural
Resources Canada, National Renewable Energy Laboratory (USA),
Department of Trade and Industry, U.K., and VTT Technical Research
Centre of Finland. This fourth IEA conference on the subject covered all
aspects of thermochemical conversion systems from pre-treatment
through to end user applications. Approximately 175 delegates from 29
countries attended. Meeting Proceedings totalling 1770 pages have been
published. A second major symposium on technoeconomic modelling
was organized by the Bioconversion Activity. This conference was held
in Gatlinburg, Tennessee in May 1996. Approximately 120 people
participated, including many representatives from industry.
The Technical Advisory Committee for the Task met twice in 1996.
The first meeting was held to review the Activities, and the committee
concluded that very good progress was being made. A second meeting
was held to formulate plans for work in the utilization area in the time
period beyond 1997.
The progress of each Biomass Utilization Activity during 1996 is
described in more detail below.
Progress in R&D

Biomass Combustion
At present, well over 90% of all bioenergy is produced using biomass
combustion technologies to produce heat and, in some cases, power. To
further increase the use of biomass combustion, this Activity is studying
methods to improve the efficiency and environmental acceptability of
biomass combustion both in small and large scale facilities. The work
program includes seven projects, three dealing with fundamental topics
and four in more applied areas.
Projects with a more fundamental focus include 1) characterization
of biofuels, which expands current databases but centers primarily on
combustion of alternative biomass feedstocks; 2) detailed combustion
studies of wood, which helps develop a basic understanding of
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fundamental reaction mechanisms during combustion; and 3) ash
deposition and corrosion during biomass combustion, which is
developing a better understanding of mechanisms in order to prevent ash
problems. By sharing fundamental information obtained from industry
and the national programs of the participants, the Activity is developing a
better understanding of combustion processes. This information should
lead to better performing, more efficient combustion systems.
The Activity also has four projects in more applied areas including 4)
furnace design and control which is attempting to reduce emissions and
control ash slagging; 5) co-combustion of biomass with other feedstocks,
which is gathering information which could expand the use of biomass in
other systems; 6) test procedures and standards for wood stoves, which is
conducting round-robin testing of emission measurement protocols; and
7) small-scale cogeneration systems, which is looking at small
combustion/generation systems such as Stirling engines. The work in the
applied area is centered on finding ways to improve combustion
technologies on a relatively short time frame.
Progress in each of the seven areas is very good. For example, the
Activity has contributed to the establishment of a database on the
characterization of biomass fuels which is available through the
University of Vienna. There continues to be good interaction with
industry, particularly at major workshops such as the one the
Combustion Activity held in Netherlands. Some of the projects are also
utilizing exchange of personnel from universities and research
organizations to work on common projects. Two Activity meetings were
held to review overall progress at the mid-point of the co-operation and
to deal with the specialized topic of straw combustion. More detailed
information is available in the published Minutes from the Activity
meetings.
Thermal Gasification
Biomass gasification offers the opportunity to produce a clean fuel gas
which could be used for power generation and other applications. For
example, gasification would potentially allow biomass to fuel gas turbine
systems. These systems offer much higher electrical generation
efficiencies than steam turbine systems used at present. The higher
conversion efficiencies could lead to reduced electricity costs.
While combustion technologies are commercially available,
gasification technologies are still generally in the demonstration and precommercial stage of development. To speed the development of this
technology, the Activity focuses on exchanging information on the latest
developments in biomass gasification technology, related systems, and
associated issues. At present, activity studies are being performed in eight
areas including: 1) updated country reports, 2) innovative systems
integration, 3) database on gasification feedstocks, 4) tar and particulate
measurements, 5) small-scale cogeneration systems (jointly with
Combustion and Technoeconomic Analysis Activities), 6) co-combustion
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(jointly with Combustion Activity), 7) energy conversion devices, and 8)
tar formation and destruction.

Work in all these areas is progressing as planned. For example, the
Gasification Activity's contribution to Country Reports is underway.
These Country Reports are being prepared in co-operation with the EU's
group on biomass gasification and will provide a useful reference
document about ongoing biomass R&D. The Gasification Activity is also
preparing a topical report on energy conversion devices. Work has also
begun on the preparation of a topical report on mechanisms of tar
formation and destruction, based on presentations at the Activity meeting
held in Banff, Canada, in May 1996.
The Gasification Activity continues to have exceptionally effective
interaction with industry. Numerous industrial representatives have
participated in the Activity meetings and have made presentations
relating to their interests. This interaction helps the Gasification Activity
to identify and work on topics of immediate interest to industry and
provides the opportunity for participants to meet developers and better
understand their needs.
The Gasification Activity has also interacted extensively with related
programs both within, and outside of, Task XIII. This Activity is carrying
out joint projects with the Task XIII Combustion and Technoeconomic
Analysis Activities. As s mentioned, the group is also working with the
EU gasification group. A joint meeting between the IEA and EU groups
was held in Finland on September 25-26, 1996.
Pyrolysis for Liquids
Biomass pyrolysis (heating biomass in the absence of oxygen) can be used
to generate low-cost liquid fuels at very high conversion efficiencies.
These fuels typically are high oxygen content and can be used as
substitutes for diesel fuel or for heating oils. To speed the development of
this technology, the Activity has identified four specific areas for cooperation including: 1) product characterization; 2) environment and
health; 3) upgrading of oils; and 4) mechanisms. Progress is on schedule
in each of the areas. Especially noteworthy during this reporting period is
the effort on establishing standards and test methods for pyrolysis liquids.
Specifications for various types of products have been proposed, and
round-robin testing is proceeding. The Activity has also commissioned a
report by a consultant to examine toxicity aspects and health/safety issues
related to pyrolysis oils.
Fast pyrolysis for liquid fuels is still a fledgling industry with limited
commercial opportunities. Industrial interest is limited to an exploration
of opportunities and to supply of appropriate technology. The Activity
work program has been established to work with industry through the
establishment of standards and development of test methods. These are
seen by industry and the participants as the best means of meeting the
needs of industrial developers while improving links between

36

researchers and industry. Several industrial representatives regularly
attend meetings.
The Pyrolysis Activity is also closely interacting with the EUsupported European network on pyrolysis, PyNE. The objective of PyNE
is to provide a forum for the promotion and dissemination of fast
pyrolysis for liquids. The network does not carry out nor financially
support research or development in the area. A joint meeting between
the IEA and EU groups was held in September 1996.
Biotechnology for Conversion of Lignocellulosics
Biomass is the only renewable energy resource capable of producing liquid
transportation fuels. At present, several billion liters of ethanol are
annually produced for motor vehicle use from starch and sugar crops.
The cost of producing ethanol could potentially be reduced if low-cost
woody biomass were used in place of higher cost feedstocks such as corn.
The use of lignocellulosic biomass, however, requires more complicated
conversion technologies, which are still in the research and
demonstration stage of development.
To aid in the development of this technology, the Activity exchanges
information on the production of ethanol and high-value by-products
from lignocellulosic feedstocks. The primary focus of this effort is the
production of economic analyses applicable to a wide range of feedstocks
and processing conditions . The objective of the analysis is to identify
areas where the most significant cost savings could be made.
In 1996, the Activity continues to emphasize the technoeconomic
modelling of biomass-to-ethanol. Special emphasis has been placed on
exchange of information relating to the technical maturity of conversion
technologies and validity of assumptions made in the various models
developed by the IEA participants. The Activity continues the exchange
of staff and graduate students to help improve information
dissemination.
The Activity successfully organized a special technoeconomic
workshop dealing with ethanol modelling in Gatlinburg, Tennessee,
USA, in May, 1996. The four main topics included: 1) pre-treatment, 2)
hydrolysis, 3) fermentation, and 4) integrated pilot plant design.

About

120 people attended, including numerous industrial representatives from
enzyme companies, oil companies, engineering firms, and diversified
food and feed industries. The workshop was organized in co-operation
with the "Biotechnology for Fuels and Chemicals Symposium." The
group concluded that projected costs of about 50 c/1 were attainable but
that highly optimistic costs of some participants relied on near-theoretical
yields in nearly all conversion steps. This type of information is essential
in helping industry decide when the time is appropriate for investment
in a commercial facility. The symposium was also very valuable in
strengthening the co-operation between participants on the ethanol
modelling.
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The Activity reviewed over 30 technical papers which were
presented at a joint IE A/American Chemical Society symposium held in
Hawaii during December, 1995. Sixteen of the papers were accepted for
publication in a special IEA issue of the journal "Bioresource Technology"
which will published in early 1997.
Technoeconomic Analysis
Technoeconomic analysis of emerging technologies continues to be
important to industry and to the national programs. To help interested
parties make wise decisions, this Activity is preparing detailed, sitespecific technoeconomic analyses of advanced biomass power systems.
The objective of this work is to match sites with appropriate technologies.
This approach allows identification of benefits and challenges of the
selected technologies.
Each of the studies involves the collection and analysis of data, both
technical and economic in nature, as well as key site specific information.
Working group members are responsible for site specific input whereas
technical and economic data are compiled collectively.
The various analyses are proceeding as scheduled. Three analyses of
electricity production from biomass are underway including two sites in
Finland and one in Austria. In Finland, one analysis is being performed
on the use of pulping and forestry residues to fuel a 40 MWe facility using
IGCC technology. A second study in Finland is examining the use of
small-scale, fixed-bed gasifiers for power generation (steam cycle). The
analysis of a third power generation concept, located in Austria, is also
progressing. This concept would add a Stirling engine with a capability of
about 100 kWe to a district heating system. Other cases in Norway and
USA are being considered.
In addition, two studies on production of pyrolysis oils for use as
boiler fuels are underway. These include the production of 20,000 t/a of
oil at a forestry industry location in British Columbia and a similar
amount at a location in Sweden. The Swedish study is being performed
with Lulea University and several Swedish partners.
The Activity works closely with industry. Carbona, Inc., a Finnish
company, is helping provide data for both the studies sited in Finland.
Together with VTT, they will design, size, and cost the IGCC facility at the
Finnish pulp mill. Carbona is also sizing and costing the small power
production concept in Finland. Ensyn Technologies, from Canada, is
helping provide data for the Canadian studies. Together with Zeton, Inc.,
Ensyn will design, size, and cost the pyrolysis oil production unit. Other
industries are also involved less formally.
Integrated Bioenergy Systems
While the economics of individual biomass production and utilization
methods are relatively well documented, the overall performance of
integrated bioenergy systems is less well understood. This Activity is
helping develop a better understanding of integrated bioenergy systems by
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evaluating the performance, cost, and environmental impacts of various
integrated systems.
The primary focus of this work is the development of a computerbased technoeconomic model for predicting the performance of various
systems. The model integrates biomass production, harvesting,
conversion, and utilization. It consists of various modules which can be
linked to form an integrated system. This is a co-operative effort between
Task XIII and Task XII. Task XII, for example is refining short rotation
forestry assumptions and developing modules for new feedstocks such as
herbaceous crops. Industry is showing considerable interest in the
integrated systems model. A New Zealand group comprising a major
forestry company and the national electricity generator is eager to use the
model as a decision tool in assessing regionally specific forest-residue-topower options.
The Activity is also leading a round-robin study on the analysis of
biomass ash to help form a basis for the establishment of an international
standard. The goal is to reach a common analytical methodology which
will improve comparison of research results. The samples for the roundrobin test have been sent out to participating labs, and results will be
published in 1997. Industry partners are also involved in this project.
The working group for the Activity met in New Zealand in 1996, and
presentations of the work were made at various national meetings.

Energy Recovery from Municipal Solid Waste (Task XIV)
Task XIV builds on the work programme of the previous Task, (Task XI),
on energy from waste. In particular, whilst maintaining the essential
objectives of information exchange, the Task emphasises the practical and
developmental exploitation aspects of this international collaboration.
The objectives of Task XIV are:
• To encourage information exchange between research and development programmes and other new initiatives relating to energy recovery from MSW;
• To use this information to encourage the deployment of energy
recovery from MSW;
• To benefit research, development and deployment programmes on
energy recovery from MSW in participating countries.
The four Activities in Task XIV are:
• Thermal Conversion of MSW and Refuse Derived Fuels;
• Landfill Gas;
• Anaerobic Digestion and
• Impact of Integrated MSW Management on Energy Recovery.
Work in each Activity is carried out through meetings, workshops
and study tours, which give opportunities for interaction between partici39

pants and other experts in each technical area. Specific work is carried out
by participants in between meetings. Outputs from the Task include
reports, reviews, computer programmes, IEA pages on the World Wide
Web and other publications. Opportunities for co-operative or collaborative work to be developed between participating countries are also
exploited.
An important objective of the Task is to encourage greater involvement of industry in the work of the Task. This is essential, given the
objective of encouraging the commercial deployment of energy recovery
from MSW technologies. The Task also aims to widen and improve its
links with policy makers, regulators and researchers in waste management and to identify areas for additional research and development on
energy recovery from waste.
The overall budget for 1996 was £216,251 (British Pounds). Eleven
countries contributed: Canada, Denmark, Finland, France, Japan, Netherlands, Norway, Sweden, Switzerland, United Kingdom and the United
States.
For further details on Task XIV, please refer to the following Appendices:
Appendix 1 List of Reports
Appendix 2 Operating Agent
Appendix 3.4 Budget
Appendix 4.3 Activities and Leaders
Appendix 5 Technical Advisory Committee
Progress in R&D
Thermal conversion of municipal solid waste and refuse derived fuel
Mass-burn incineration and refuse-derived fuel (RDF) are the two main
combustion technologies for recovering energy from waste. Combustion
is an established technology but technical, policy and environmental
developments influence further deployment. Processing of wastes
through recycling or separation schemes can provide opportunities for
using waste residues to produce RDF which has the potential for deployment in smaller-scale applications compared with mass-burn systems.
Two Activity meetings were held in 1996. The first, during April, in
North Carolina, USA, included a visit to the Fayetteville Fluidised Bed
Combustion facility. This facility is one of the first FBC plants, outside of
Japan, operating solely on Refuse Derived Fuel from Municipal Solid
Waste. The second meeting of the Activity was held in Sweden and
Denmark, where the work programme for 1997 was discussed. This will
focus on investigations of FBC systems for MSW and a state of art report
on recovery efficiencies utilising combined heat and power system.
Another important consideration for the Activity is the investigation of
potential for treatment and reuse of ash residues from the combustion
process.
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Of particular note, a project is in place to monitor the new fluidised
bed combustion (FBC) plants at Fayetteville (USA) and Madrid (Spain)
and compare the results to grate firing. Work began in October 1996.
Participating Countries are the Netherlands, the UK, France and Canada.
Two software models have been demonstrated within the Activity the TNO FACE cost and performance model for mass burn plant and an
operator's training model for mass burn plant. Both will continue to be
refined as additional data is brought in through the Activity.
Landfill Gas
Landfill gas is produced by the anaerobic decomposition of organic wastes
in landfills. It is now recognised as an energy resource and its safe control
and utilisation can also be of environmental benefit. However, a number
of technical and non-technical barriers still limit the exploitation of this
resource. The objective of this Activity is to help reduce these barriers by
promoting information exchange and co-operation between national
programmes, and to increase industry participation by holding targeted
workshops on issues relating to landfill gas exploitation, and landfill
management. An International Conference on Best Practice & Future
Opportunities in Landfill Gas Development was held in Manchester, UK
in November 1996. This was attended by representatives from industry,
consultants, regulators, policy makers etc. Eighteen countries were
represented at the conference.
This Activity has secured a high level of industrial interaction and
participation principally through formal links with the International
Solid Waste Association (ISWA) and the Solid Waste Association of
North America (SWANA).
A Landfill Dictionary has been prepared and is near to completion.
Two databases have been set up - a Landfill Gas Utilisation and a Test Cell
Database. Both are near to completion.
A world wide web page has been set up for this Activity which is visited approx. 100 times per month and generates on average 10 enquiries
requesting further information. Abstracts from presentations from a test
cell work-shop held in Pitea in Sweden have been included in the Activity www-page.
Anaerobic Digestion
The principal objectives of the Activity are to accelerate exchange of
information and practical experience, identify barriers to the deployment
of anaerobic digestion (AD) technology, encourage the use of AD technology, and where relevant, assist and encourage national demonstration
and deployment programs.
Progress in 1996 has focused on the revision of an international inventory on systems and markets for anaerobic digestion of MSW produced under Task XI. Two of the major components of the booklet are a
facilities register and a list of system providers. The Activity is now
tracking over 130 large Anaerobic Digestion plants in operation, under
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construction, or being planned around the world. These plants have the
installed capacity to process more than six million tonnes of green waste
annually. The systems providers list is now a database identifying 33
vendors. A press release was prepared and released with a booklet to 12
English-language magazines having a MSW focus.
The Activity identified the need to conduct comparative trials of
aerobic composts and solid anaerobic digestates. The use of such trials
should help clarify the potential and uses of anaerobic digestates. As the
first step, a common protocol is needed for conducting these trials. Thus,
the need to conduct a study to develop a protocol for assessing and
comparing their similarities and their key differences was warranted. A
first draft Request for Qualifications (RFQ) was developed and reviewed
by the participants. The RFQ was revised for a late-July release. Proposals
were received and reviewed during August, and a contract executed in
September. Nine firms were identified as likely bidders for the project,
and a total of six responses were received from California, Massachussetts,
Quebec, The Netherlands, Switzerland, and the United Kingdom. The
award was given to a group from The Netherlands, and the project is
expected to be completed within four weeks of the date of contract execution.
Two meetings were held in 1996. The first was held in April in Toronto with site visits to composting and anaerobic digestion facilities. The
second meeting was held in November in Utrecht with site visits to three
AD systems in The Netherlands.
Integrated Solid Waste Management
The overall objectives of this Activity are to determine the information
required to better understand IWM and how proper application of IWM
provides the flexibility in selecting, designing and implementing a system
best suited for a given region or community. This needs to be put in
context with the strict adherence to and application of the hierarchical
approach, which may be restrictive and result in adverse energy, economic and environmental consequences in some instances. This would
provide the basis to promote the concept of integrated waste management
as a flexible approach to managing MSW based on the evaluation of site
specific influencing factors.
Information covering a large number of issues should be synthesised
into a framework which outlines the advantages/disadvantages and
limitations of individual options within the waste management hierarchy.
A workshop was held in Edinburgh in September 1995. The major
objective of the workshop was to develop a working document which
outlined the advantages/disadvantages and limitations of the various
components within the waste management hierarchy and identified the
points of contention, or misconceptions associated with waste management.
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A series of seven information sheets were developed, based on the
information gleaned from the Edinburgh workshop. Five of the information sheets have now been published and the remainder are in draft. The
topics include 1) An overview of the Edinburgh Workshop findings, 2)
Waste Reduction, Avoidance and Minimisation, 3) Materials Recycling 4)
Biological Treatment, 5) Thermal Treatment 6) Waste Disposal and 7)
Data Sources.
A second ISWM Workshop was held in Vancouver, Canada in
August 1996. The information gathered at this workshop provided the
tools required to assist with the development of an ISWM strategy. The
concept of Life Cycle Assessment (LCA) methodologies was the major
focus of the Workshop discussions. The role of LCAs was placed into
context with other assessment tools, such as risk assessment and
cost/benefit analysis, by outlining the benefits and limitations of LCA
methods.
A further series of workshops and smaller meetings are planned
during 1997 to progress specific themes.

Greenhouse Gas Balances of Bioenergy Systems (Task XV)
The goal of Task XV is to analyse all processes involved in the use of
bioenergy systems on a full fuel-cycle basis with the aim of establishing
overall Greenhouse Gas (GHG) balances.
The basis of the analysis of bioenergy systems is a comparison with
conventional or traditional fossil fuel and other energy systems as a
reference. Besides the scientific value of the results of this project, its
recommendations are useful for decisionmakers in order to gain a
maximum of net GHG emission reduction from bioenergy projects.
Participating countries are Austria, Canada, Finland, Sweden and the
United States. The budget for Task XV in 1996 amounted to 550.000
Austrian Schillings (about 50.000 US$). Each country has nominated a
"National Team Leader" who co-ordinates the national participation in
Task XV.
For further details on Task XV, please refer to the following Appendices:
Appendix 1 List of Reports
Appendix 2 Operating Agent
Appendix 3.1 Budget
Appendix 4.4 National Team Leaders
Progress in R&D
Workshops
A workshop entitled "Greenhouse Gas Balances of Bioenergy from
Forestry and Wood Industry" was held on 29 - 31 May 1996 in Stockholm/Sweden, jointly organised by NUTEK and Joanneum Research. The
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first day of the workshop included an excursion to the Vattenfall Drefvikens Varme AB (a heating plant near Stockholm fuelled with pulverised wood). On days two and three of the workshop a number of presentations were given. The proceedings of the workshop will be published as a
special issue of Biomass and Bioenergy. The papers are currently reviewed
by workshop participants and other experts. For a list of the presented
papers, please refer to Appendix 1.
The afternoon of the third day was used for further developing a
working group paper entitled "Standard Methodology / Guidelines for
Greenhouse Gas Balances of Bioenergy Systems", a paper co-authored by
workshop participants. In addition, the IPCC draft Guidelines for National
GHG Inventories were discussed (see "Other activities" below).
The next Task XV workshop will take place in June 1997 in Canada,
organised in collaboration with Natural Resources Canada (M. Apps).
World-Wide-Web site
A World Wide Web homepage for Task XV has been prepared. The
address is: http://www.joanneum.ac.at/IEA-BIOENERGY-TASKXV. It
includes information on the Task XV work programme, workshops, a list
of experts and projects in the participating countries, links to other related
sites, and other useful information. The WWW homepage, which is
connected with the other IEA Bioenergy homepages, will be improved
and extended on a regular basis. This will be done based on information
and feedback received from researchers working in the field of "bioenergy
and greenhouse gases".
Common analytical framework
The methodology for GHG balances of bioenergy systems mentioned
under "Workshops" above will be described in a paper with co-authors
from each of the countries participating in Task XV and includes - among
other topics - the selection of appropriate system boundaries, the question
how to deal with reference scenarios for the energy system and for land
use, and how non-energy by-products should be accounted for. This paper
is currently being prepared and will be published in Biomass and Bioenergy in 1997. The paper closely follows ISO 13600 ("Technical Energy
Systems"), an international standard that is currently being developed to
describe energy systems in a standardised way. It is planned to establish a
closer collaboration between ISO 13600 and Task XV, especially as far as
bioenergy systems are concerned.
The analytical framework considers changes of carbon storage on the
site in vegetation, plant litter and soil as well as GHG emissions from
auxiliary fossil fuels, conversion efficiencies, and emission credits for byproducts. This accounting system allows a comparison between bioenergy
systems and traditional fossil fuel and other energy systems as a reference
basis. This is necessary because a GHG balance of bioenergy systems needs
to take into account the energy system that is replaced (e.g. type of energy
carrier used, efficiency of energy conversion ...). The accounting system
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also deals with the fossil fuel and GHG emission offsets associated with
the substitution of by-products or co-products of bioenergy systems for
other products having GHG implications, e.g. wood products replacing
plastic or metal products. And it accounts for reference land-uses, i.e. the
path of carbon uptake or release that would have been followed in
absence of a bioenergy project, for example if the land were afforested
without any biomass harvest.
Other activities
Task XV participants evaluated the new (1996) draft of the
IPCC/OECD/IEA Guidelines for National Greenhouse Gas Inventories,
chapter 5 and module 5: "Land-Use Change and Forestry" ("Harvested
Wood Module"). This section of the Guidelines includes rules how
carbon emissions or carbon uptake due to forestry-, bioenergy- and woodproducts-related activities should be accounted for and assigned to
national entities. The main concern of the Task XV participants was the
fact that in the new draft Guidelines imported biofuels were not distinguishable from imported fossil fuels in terms of CO2 emissions. I.e., 1
kWh of heat or electricity produced from imported biomass would yield
approximately the same amount of CO2 emissions, showing up in the
national emissions inventory, as if it were produced using coal. The
country exporting the biomass would experience a carbon sink.
The review comments written by Task XV participants were submitted to the IPCC/OECD/IEA Greenhouse Gas Inventories Programme in
Paris in June 1996. At its twelfth Session in Mexico City (September 1996)
IPCC decided to defer adopting the current (1996) draft of the "Harvested
Wood Module". A final decision about the methodology to be chosen for
the "Harvest Wood Module" will be made in 1997.
At the end of 1996 the planning process for a possible follow-up Task
was initiated. At the 38th Executive Committee Meeting in Vienna
(November 1996) the topic "Greenhouse Gas Balances of Bioenergy
Systems" was selected as a potential new Task within IEA Bioenergy in
the period 1998 to 2000.
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Appendix 1.1

LIST OF REPORTS
(Except where noted, the reports are available through the Operating
Agent for the Task concerned, address see Appendix 2)

Reports issued by the Executive Committee
Mitchell, C.P., Zsuffa, L. and Stevens, D.J. (Editors)

International Energy Agency Bioenergy Agreement
Progress and Achievements 1989 - 1991
Biomass & Bioenergy, Vol. 2, Nos. 1-6, 1992
Mitchell, C.P. (Editor)

International Energy Agency Bioenergy Agreement
Progress and Achievements 1992 - 1994
Biomass & Bioenergy, Vol. 9, Nos. 1-5, 1995
Mitchell, C.P. and Bridgwater, A.V. (Editors)

Environmental Impacts of Bioenergy.
Proc. of a seminar held at Snekkersten, Denmark, on 20-21 Sept. 1993.
CPL Press, 43 Kingfisher Court, Newbury Berkshire, RG14 5SJ, U.K.
Tackling the Non-Technical Barriers to the Production and Use of
Bioenergy. Summary and copies of papers presented at a seminar held in
Paris on 23 March 1993.
ETSU REF.: RYSA 18401408
Available through the ExCo Secretary (Address in Appendix 2)
IEA Bioenergy Implementing Agreement Strategic Plan 1995 - 2000.
Available through the ExCo Secretary (Address in Appendix 2)

Reports from Task XII
Only the proceedings from meetings have been listed. For individual
papers, please refer to the proceedings.
Dietrichson, J. (Ed.)
Silviculture for fuelwood. Proceedings from IEA Bioenergy Task XII
Activity on "Forest Management", Asker, Norway, September 4-6, 1995.
Norwegian Journal of Agricultural Sciences, Supplement No. 24. 88 pp.
1996.
Johansson, T. Management of birch forest, pp 7-20.
Frivold, L.H. and Groven, R. Yield and management of mixed
stands of spruce, birch and aspen, pp 21-28
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Jeglum, J.K. Aspen-mixedwood silviculture in the boreal forest of
Ontario, Canada, pp 29-44.
Braathe, P. Supplementary planting of conifers and birch in open
spruce regeneration, pp 45-50.
Niemisto, P. Yield and quality of planted silver birch (Betula
pendula) in Finland - preliminary review, pp 51-60.
Rytter, L. Grey alder in forestry. A review, pp 61-78.
Dietrichson, J. Are climatic temperature changes a threat to
broadleaves? pp 80-88.
Hudson, B. and Kofman, P.D. (Eds.)

Harvesting, storage and road transportation of logging residues.
Proceedings of a workshop of IEA-BA-Task XII activity 1.2 held in October
1995 in Glasgow, Scotland. Danish Forest and Landscape Research
Institute. 83 pp. 1996.
Available from Danish Forest and Landscape Research Institute, Kvak
Mollevej 31, DK-7100 Vejle, Denmark
Hakkila, P. Introduction, pp 5-9.
Brunberg, B. Logging residue systems in Sweden, pp 9-16.
Andersson. G. Transport of forest energy wood in Sweden, pp 1722.
Nouosainen, I.K. and Vesisenako, T.J. Integrated harvesting of
whole trees from clear cuts with salvage of the crown mass for
energy, pp 23-32.
Andersson, G. Bailing of unchipped logging residues, pp 33-40.
Nurmis, J. The effects of storage on logging residue fuel quality, pp
41-50.
Jirjis, R. Handling and storage of uncomminuted forest residues,
pp 51-58.
Nellist, M.E. The effect of particle size on the storage and drying of
wood fuels, pp 59-70.
Sanchez, J.M. Bioenergy in Spain, pp 71-76.
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Ledin, S. and Willebrand, E (Eds.)
Handbook on how to grow short rotation forests. Department of Short
Rotation Forestry, Swedish University of Agricultural Sciences. 341 pp.
1996.
Available from Department of Soil Science, Swedish University of
Agricultural Sciences, P.O. Box 7014, S-75007 Uppsala, Sweden

Reports from Task XIII
General Reports
Bridgwater, A. V. and Boocock, D. G. B. (Editors)
Developments in Thermochemical Biomass Conversion. Proceedings of
a Conference held in Banff, Canada, May 1996. Blackie Press, United
Kingdom.
1996:1707 pp.
Available from Blackie Press, U.K.
Stevens, D. J. (Editor)
Minutes of the Task XIII Technical Advisory Committee Meeting, May 25,
1996, Banff, Canada.
Available from Cascade Research, 2952 George Washington Way,
Richland WA 99352, USA.
Stevens, D. J. (Editor)
Minutes of the Task XIII Technical Advisory Committee Meeting,
September 27,1996, Espoo, Finland.
Available from Cascade Research, 2952 George Washington Way,
Richland WA 99352, USA.
Activity Reports
Biomass Combustion
(Available from J. E. Hustad, Division of Thermal Energy, Norwegian
Institute of Technology, N-7034 Trondheim, Norway)
Hustad, J.
IEA, Task XIII Biomass Utilization, Activity 1 - Biomass Combustion.
Work Plan 1995-1997.
1995.
Hustad, J.
Minutes From the Biomass Combustion Working Group Meeting. May
2-5, 1995, Vienna, Austria. Includes presentations from the workshop on
Small Scale Cogeneration Systems.
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Hustad,J.
Minutes From the Biomass Combustion Working Group Meeting.
November 7-9, 1995, Nijmegen, Netherlands. Includes presentations
from the workshop on Co-combustion of Biofuels with Other Fuels.
Hustad,J.
Minutes From the Biomass Combustion Working Group Meeting. May
21, 1996, Banff, Canada. Includes status reports on the seven projects in
the Activity.
Nussbaumer, T. and Hustad, J. E..
Overview of Biomass Combustion. " Developments in Thermochemical
Biomass Conversion." Eds. A. V. Bridgwater and D. G. B. Boocock.
Blackie Press, 1996.
Thermal Gasification
(Available from Suresh Babu, Institute of Gas Technology, 1700 South
Mount Pleasant Road, Des Plaines, IL 60018-1804 USA.)
Babu, S.
Minutes of the Spring 1995 Gasification Activity Meeting. May 2-5,
Vienna Austria. Includes presentations on small-scale cogeneration
systems.
Babu, S.
Minutes of the Fall 1995 Gasification Activity Meeting. October 9, 1995,
Glasgow, UK. Includes presentations on energy conversion devices.
Hislop, D. and Hall, D.O.
Biomass Resources for Gasification Power Plants, A Report Prepared for
the IEA Bioenergy Agreement Thermal Gasification Activity. Sustainable
Development, Ltd., 51 Artesian Road, London W2 5DB, United Kingdom.
1996.
Biomass Pyrolysis
(Available from A.V. Bridgwater, Aston University, Aston Triangle,
Birmingham B4 7ET, United Kingdom)
Bridgwater, A.V.
Minutes of the Second Pyrolysis Activity Meeting. November 14-16, 1995,
La Courfia, Spain. Includes country reports and presentations on liquid
fuel characterization.
1995.
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Bridgwater, A.V.
Minutes of the Third Pyrolysis Activity Meeting. May 24, 1996, Banff,
Canada. Includes presentations on pyrolysis oil characterization.
Diebold, J.P., Milne, T.A, Czernik, S., Oasmaa A., Bridgwater, A.V.,
Cuevas, A, Gust, S., Huffman, D v and Piskorz, J.
Proposed Specifications for Various Grades of Pyrolysis Oils.
"Developments in Thermochemical Biomass Conversion." Eds. A. V.
Bridgwater and D. G. B. Boocock. Blackie Press, 1996.
Lede, J., Diebold, J.P., Peacocke, G.V.C., and Piskorz, J.
The Nature and Properties of Intermediate and Unvaporized Biomass
Pyrolysis Materials. "Developments in Thermochemical Biomass
Conversion." Eds. A. V. Bridgwater and D. G. B. Boocock. Blackie Press,
1996.
Meier, D v Oasmaa, A., and Peacocke, G.V.C.
Properties of Fast Pyrolysis Liquids: Status of Test Methods.
"Developments in Thermochemical Biomass Conversion. " Eds. A. V.
Bridgwater and D. G. B. Boocock. Blackie Press, 1996.
Biotechnology for Conversion of Lignocellulosics
(Available from J. N. Saddler, Department of Forestry, 2357 Main Mall,
University of British Columbia, Vancouver, BC, V6T 1Z4, Canada)
Gregg, D. J. and Saddler, J.N.
The Development of a "Generic" Techno-Economic Model to Assess the
Process Steps in An Enzymatic-Based Biomass-to-Ethanol Process.
Presented at Second Conference of the Americas, Portland, Oregon, USA,
August 21-25,1995.
Saddler, J.N., and Gregg, D.J.
Techno-economic Assessment of the Pretreatment and Hydrolysis of
Wood for Ethanol Production. Proceedings of the European Bioenergy
Meeting, June 1996, Copenhagen, Denmark. 1996.
Technoeconomic Analysis
(Available from Y. Solantausta, VTT Energy, P.O. Box 1601, FIN-02044
VTT, Espoo, Finland)
Solantausta, Y., Bridgwater, A.V., and Beckman, D.
The Performance and Economics of Power from Biomass.
"Developments in Thermochemical Biomass Conversion."
Eds. A. V. Bridgwater and D. G. B. Boocock. Blackie Press, 1996.
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Integrated Bioenergy Systems
(Available from K. Mackie, New Zealand Forest Research Institute,
Private Bag 3020, Rotorua, New Zealand)
Ford-Robertson, J. (Compiler)
Minutes of the IEA Bioenergy Task XIII, Integrated Bioenergy Systems
Activity. September 18-20, 1995, Graz, Austria.
Ford-Robertson, J. (Compiler)
Minutes of the IEA Bioenergy Task XIII, Integrated Bioenergy Systems
Activity." March 14-16,1996. Rotorua, New Zealand.
Toft, A.J., Bridgwater, A.V., Mitchell, C.P., Watters, M., and Stevens, D.J.
An Evaluation of the Performance of Integrated Bioenergy Systems.
"Proceedings of the Second Biomass Conference of the Americas."
August 21-25,1995. NREL/CP-200-8098, National Renewable Energy Lab,
1617 Cole Blvd, Golden, CO. pp. 1524-1533. 1995.
Mackie, K. L.
Modeling Bioenergy Systems. Proceedings of the Biotechnology and
Bioengineering Symposium. Gatlinburg, Tennessee, USA. May 1996.
In press.
Mitchell, C.P., A.V. Bridgwater, and K.L. Mackie.
Bioenergy Systems. "Developments in Thermochemical Biomass
Conversion." Eds. A. V. Bridgwater and D. G. B. Boocock.
Blackie Press, 1996.

Reports from Task XIV
Combustion: A vital bioenergy technology for the 21st Century. July 1995.
Available from: N. Patel, ETSU, Harwell, Oxfordshire OX11 ORA, UK.
E-mail Niranjan.Patel@aeat.co.uk
Tel: +44 1235 432803, Fax: +44 1235 433964.
Proceedings from the Landfill Gas Conference, Manchester, UK,
November 1996.
Available from: M Meadows, ETSU, Harwell, Oxfordshire OX11 ORA, UK.
E-mail Martin.Meadows@aeat.co.uk
Tel: +44 1235 432456, Fax: +44 1235 433964
Proceedings from the SWANA LFG Conference, Raleigh, NC March 1996.
Available from: Anette Heikkila, Lulea, Sweden. Fax: +46 920 01468 or
e-mail: anhe@sb.luth.se
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Anthony, B.
Fluidised Bed Combustion of Alternative Solid Fuels
Available from Mr E J Anthony, 555 Booth Street, Ottawa, Ontario
CANADA
E-mail: ben.anthony@x400.emr. TEL: +1 613 996 2868, FAX: +1 613 992 9335
Bogner, J. and Scott, P.
Landfill CH4 Emissions: Guidance for field measurements. 1995
Available from: Anette Heikkila, Lulea, Sweden. Fax: +46 920 01468 or
e-mail: anhe@sb.luth.se
Brinkman, J.
Development of a Protocol for Assessing and Comparing the Quality of
Aerobic Composts and Anaerobic Digestates.
Available from: Phil Lusk, Resource Development Associates, 240 Ninth
Street NE, Washington, DC 20002-6110, USA.
E-mail: plusk@pipeline.com.
Campbell, D.
Experimental System Instrumentation. 1995
Available from: Anette Heikkila, Lulea, Sweden. Fax: +46 920 01468 or
e-mail: anhe@sb.luth.se
Hesseling, W.
High temperature dust separation at MSWC's;
Available from: W Hesseling, or H Temmink, TNO Laan van Westenenk
501, PO Box 342,
7300 AH Apeldoorn, NETHERLANDS
E-mail: W.F.M.Hesseling@mep.tno.nl
tel.: +31 55 5493295 fax: +31 55 5493287
Meadows, M.P.M. and Maunder, D.H.
Non-technical barriers to energy recovery from landfill gas. 1995
Available from: Anette Heikkila, Lulea, Sweden. Fax: +46 920 01468 or
e-mail: anhe@sb.luth.se
Pfeiffer, E.
Thermal treatment of household waste, an evaluation of five techniques;
summary of a comparative study.
Available from Edward Pfeiffer, NOVEM, PO Box 8242,
NL-3503 RE Utrecht, NETHERLANDS,
E-mail: nlnovepf@ibmmail.com
tel.: +31 30 23 93 63 1 or fax: +31 30 23 16 49 1
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Temmink, H.
List of Experts on MSWC
Available from: Herman Temmink TNO, Laan van Westenenk 501, PO
Box 342, 7300 AH Apeldoorn, NETHERLANDS
E-mail: H.M.G.Temmink@mep.tno.nl,
tel.: +31 55 5493508, fax +31 55 5493287
Temmink, H.
Survey of developments in grate furnace combustion outside
the Netherlands.
Available from: Herman Temmink, TNO ,Laan van Westenenk 501,
PO Box 342, 7300 AH Apeldoorn NETHERLANDS
E-mail: H.M.G.Temmink@mep.tno.nl
tel.: +3155 5493508, fax +31 55 5493287
Temmink, H. and Ortmanns, V
Summaries of Dutch reports on MSWC
Available from: Herman Temmink, TNO, Laan van Westenenk 501,
PO Box 342, 7300 AH Apeldoorn, NETHERLANDS
E-mail: H.M.G.Temmink@mep.tno.nl
tel.: +3155 5493508, fax +31 55 5493287
van Zanten, B. and Scheepers, M.JJ.
Modelling of landfill gas potentials. 1995
Available from: Anette Heikkila, Lulea, Sweden. Fax: +46 920 01468 or
e-mail: anhe@sb.luth.se
Lusk, P.
Anaerobic Digestion: Yesterday, Today and Tomorrow.
Available from: Phil Lusk, Resource Development Associates
240 Ninth Street NE, Washington, D.C. 20002-6110, U.S.A.
E-mail: plusk@pipeline.com
Lusk, P.
Biogas from Municipal Solid Waste: Overview of Systems and Markets
for Anaerobic Digestion of MSW,
Available from: Phil Lusk Resource Development Associates
240 Ninth Street NE, Washington, D.C. 20002-6110, U.S.A.
E-mail: plusk@pipeline.com
Lusk, P., Rivard, C and Wheeler P.
Deploying Anaerobic Digesters: Current Status and Future Possibilities,
Available from: Phil Lusk, Resource Development Associates,
240 Ninth Street NE, Washington, D.C. 20002-6110, U.S.A.
E-mail: plusk@pipeline.com.
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Patel, N., Wheeler, P. and Ohlsson, O.
Fluidised bed combustion of municipal solid waste. A status report for
the IEA. November 1994.
Available from: RE Enquiries Bureau ETSU, Harwell, Oxfordshire OX11
ORA, UK.
Sawell, S.
Proceedings from the International Workshop on Integrated Solid Waste
Management in Edinburgh, Scotland. (September 1995).
Available from: Steven Sawell, Compass Environmental Inc., 2253
Belmont Court, Burlington, Ontario L7P 3N3, CANADA
TEL: +1 905 335 1196, FAX: +1 905 335 6808 e-mail: sawell@compass.on.ca
Sawell, S.
Information Sheets produced by the ISWM Activity:
1) An overview of the Edinburgh Workshop findings, 2) Waste
Reduction, Avoidance and Minimisation, 3) Materials Recycling 4)
Biological Treatment, 5) Thermal Treatment 6) Waste Disposal and 7)
Data Sources.
Available from: Steven Sawell, Compass Environmental Inc., 2253
Belmont Court, Burlington, Ontario L7P 3N3, CANADA
TEL: +1 905 335 1196, FAX: +1 905 335 6808 e-mail: sawell@compass.on.ca

Reports from Task XV
Schlamadinger, B. and Waupotitsch, M. (compilers)
Greenhouse Gas Balances of Bioenergy Systems: A Bibliography including
Greenhouse Gas Implications of Wood Products, Forestry and Land-Use
Change, compiled for IEA Bioenergy Task XV.
February 1996. 350 entries. 290 pp.
Available from Joanneum Research, Elisabethstrasse 11, A-8010 Graz,
Austria. Fax +43 - 316 876 320.
E-mail: bernhard.schlamadinger@joanneum.ac.at
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Schlamadinger, B. and Waupotitsch, M. (editors)
Analytical Framework for Greenhouse Gas Balances of Bioenergy
Systems, Proceedings of a Workshop within Task XV of IEA Bioenergy in
Graz/Austria, 20-22 September 1995. Includes 9 scientific papers and
minutes of the workshop discussions.
February 1996.106 pp.
Available from Joanneum Research, Elisabethstrasse 11, A-8010 Graz,
Austria. Fax +43 - 316 876 320.
E-mail: bernhard.schlamadinger@joanneum.ac.at
Matthews, R.
Research on Energy Costs and Carbon Sequestration Value of Timber
and Wood Fuel Production in Britain.
Ford-Robertson, J.B.
Methods Used to Calculate the Carbon Balance of the Forest Industry
in New Zealand.
Schopfhauser, W.
A Global Afforestation Program for Carbon
Conclusion and Further Research Implications.

Sequestration

Freund, P.
IEA Greenhouse Gas R&D Program: Work on Full Fuel Cycle
Analysis of Fossil Fuel Power Generation.
Gustavsson, L., Borjesson, P., Johansson, B., and Svenningson P.
Reducing CO2 Emissions by Substituting Biomass for Fossil Fuels.
Sinisalo J. and Savolainen I.
Greenhouse Impact Expressed as Radiative Forcing Due to Bioenergy
Fuel Chains.
Marland G.
Work in the U.S. on Biomass Fuels and Greenhouse Gas Emissions:
Some Notes.
Schlamadinger B.
GORCAM (Graz - Oak Ridge - Carbon Accounting Model): A Tool to
Calculate the Carbon Balance of Land Use and Bioenergy Strategies.
Hektor B.
Global Change and Boreal Forests: the Role of Forests in the Carbon
Cycle - a Systems Approach with Special Focus on Nordic Conditions.
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Schlamadinger B, (editor)
Greenhouse Gas Balances from Forestry and Wood Industry.
Proceedings of a Workshop held on 29-31 May 1996 in Stockholm,
Sweden.
To be published as a special issue of Biomass and Bioenergy.
Apps, M. and Kurz, W. (Canada)
Assessing the Contribution of Forest Bioenergy to the Carbon Budget of
Canada's Forests: a Scaling Problem
Kheshgi, H. (USA)
Effects of Land-Use Competition and Carbon-Cycle Feedbacks in
Projections of Biomass Energy
Nabuurs, G.J. (Netherlands/Finland)
Using a Large Scale Forestry Scenario Model for a European Forests
Carbon Balance (invited presentation)
Bohlin, F. (Sweden)
Forestry and Biomass Options in the Economics of Carbon Dioxide
Mitigation
Pussinen, A., Karjalainen, T., Kellomaeki, S. and Makipaa R. (Finland)
Contribution of the Forest Sector in Carbon Sequestration in Finland
Schlamadinger, B. and Marland G. (Austria, USA)
Forests for Carbon Sequestration or Fossil Fuel Substitution? A
Sensitivity Analysis
Gustavsson, L. (Sweden)
Carbon Dioxide Emissions from Recovery and Transportation of
Logging Residues
Pingoud, K. and Lehtila, A. (Finland)
Role of Forest Sector and Bioenergy in Limiting the Carbon Emissions
of Finland
Eriksson, H. (Sweden)
Agreements to Increase the Role of the Forest and Bioenergy Sectors for
CO2 Mitigation and Implications for the IPCC GHG Inventory
Methodology
Makundi, W. and Sathaye, J. (USA)
Carbon Flows and Mitigation Options in the Forestry Sector: Common
Methodology and Results from Eight Developing Countries.
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Boman, U. and Turnbull, J.H. (Sweden, USA)

Carbon Dioxide from Integrated Biomass Energy Systems - Examples
from Case Studies in USA.
Schlamadinger, B., Apps, M v Gustavsson. L., Marland. G.,
Savolainen, I. and Pingoud. K

Standard Methodology /Guidelines/ for Greenhouse Gas Balances of
Bioenergy Systems (prel. title).
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Fax:
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BUDGET IN 1996. SUMMARY TABLE
Seer. Fund
SEK

Task XII Task XIII Task XIV Task X
CAD
USD
GBP
ATS

Austria
Belgium
Canada

38 000
38 000
38 000

82120
83 870

Denmark
Finland
France

38 000
38 000
38 000

93 370
50120
32 000

25 410
52 635

Italy
Japan
Netherlands

38 000
38 000
38 000

32 000

9 680

39160

15 730

7639
27 639

New Zealand
Norway
Sweden

38 000
38 000
38 000

21480
24 550
151 670

14 520
30 855
25 410

7 639
26 398

100 000

Switzerland
United Kingdom
United States

38 000
38 000
38 000

83 870
116 600

15 730
56 870
67155

8 750
35139
20 000

110 000

Eur. Commission

38 000

60 640

44165

-

-

To be balanced./.

8 000
871440
CAD

488 235
USD

TOTAL

600 000
SEK

55 055
22 385
52 635

110 000
35139

110 000

32 639
7 639
7 639

110 000

216 251
GBP

-

550 000
ATS

The cost distribution on the different Activities within Tasks XII - XIV
and the matrices which have been used to determine the size of the
contribution from each Participant to these Tasks are shown in
Appendices 3.2 - 3.4.

Task XII Budget 1996 (1000 Canadian dollars)
Activity
CONV. FORESTRY
Forest Management
Harvesting
SHORT ROT. FORESTRY
Production Systems
Pests
Stock Improvement
& Characterisation
AGRICULTURAL
ENERGY CROPS
Liquid Biofuels
lignocellulosic
Solid Fuels

Total

Contributions from participants
AUS CAN DEN FIN FRA ITA

60.00
90.00

10.00 10.00 10.00
10.00 10.00 10.00

120.00
50.00

13.33 13.33 13.33 13.33
12.50

60.00

NL

NZ

NOR

SWE

UK

USA

CEC

10.00
10.00 10.00 10.00

10.00 10.00
10.00 10.00

13.33

13.33 13.33 13.33 13.33
12.50 12.50 12.50

10.00

15.00 15.00 15.00

15.00

70.00

17.50

60.00

8.57

80.00
60.00
60.00

7.50
20.00

Activity Total

710.00

66.90

Operating Agent 22.74 %

161.44

15.21 15.54 17.30

4.55

28.10 15.54 21.60 11.23

TOTAL

871.44

82.12 83.87 93.37 50.12 32.00 32.00 39.16 21.48 24.55

151.67 83.87 116.60 60.64

INTERFACING &
SYSTEMS STUDIES
Feedstock preparation
& Quality
Environmental Issues
Systems Studies

17.50 17.50
8.57

7.50

26.67
7.50

8.57

8.57

17.50
8.57

7.50

26.67
7.50
20.00

7.50

68.33 76.07 40.83 26.07 26.07 31.90 17.50 20.00
9.28

5.93

5.93

7.25

8.57

8.57

3.98

7.50

26.67
7.50
20.00

123.57 68.33 95.00 49.40

a
X

w

Task XIII Budget 1996 (1000 U.S. dollars)
Activity

Total

Contributions from participants
AUS BEL CAN DEN FIN

Biomass Combustion

71.5

6.5

Thermal Gasification

71.5

6.5

Pyrolysis for Liq. Products

50.0

Biotechnology/Conversion
of Lignocellulosics

64.0

8.0

8.0

Technoeconomic Analysis

62.5

12.5

12.5

Integrated Bioenergy Syst.

84.0

12.0

12.0

403.5

45.5

18.5

Activity total
Operating Agent 21 %
TOTAL

6.5

ITA

NL

NZ

NOR

SWE

SWI

UK

USA

CEC

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

10.0

10.0

10.0

8.0

8.0

10.0

10.0
8.0

8.0

8.0

8.0
12.5

12.5

12.5

12.0
43.5

21.0

84.735

9.555

3.885 9.135

4.41

488.235

55.055

22.385 52.635

25.41

43.5

8.0

9.135 1.68

13.0 12.0
2.73 2.52

25.5
5.355

52.635 9.68 15.73 14.52 30.855

21.0
4.41

13.0
2.73

24.0

12.0

12.0

47.0

55.5

36.5

9.87 11.655 7.665

25.41 15.73 56.87 67.155 44.165

I
x

Task XIV Budget 1996 (1000 U.K. pounds)
Activity

Total

Contributions from participants
CAN

DEN

FIN

FRA

JAP

NL

6.111

6.111

6.111

6.111

NOR

SWE

Thermal Conversion of
MSW and RDF

54.0999

6.111

6.111

Landfill Gas

24.000

6.000

6.000

Anaerobic Digestion
of MSW

49.000

7.000

14.000*

Impact of Integrated MSW
management on energy
recovery

45.000

9.000

Activity Total
Operating Agent 25 %

172.999
43.252

28.111
7.028

26. I l l
6.528

6.111
1.528

6.111
1.528

6.111 22.111
1.528 5.528

6.111
1.528

21.111
5.278

TOTAL

216.251

35.139

32.6?9

7.639

7.639 7.639 27.639

7 •639

26.389

6.111

UK

SWI

6.111

6.111

6.000

6.000

7.000

7.000

9.000

USA

7.000

7.000

9.000

9.000

7.000
1.750

28.111
7.028

16.000
4.000

8.750

35.139

20.000

9.000

*) Denmark has joined this Activity with effect from 1 January 1996. Denmark will pay GBP 14,000 in 1996 and GBP 7,000 in 1997.
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Appendix 4.1

ACTIVITIES AND ACTIVITY LEADERS
TASK XII - Biomass Production, Harvesting and Supply
Operating Agent:

G.Page
Dept Natural Resources, Canada
Address etc: see Appendix 2

Assistant to the Operating Agent:

R. Gambles
University of Toronto, Canada

ACTIVITIES
Forest Management
Harvesting

LEADER
J. Richardson
Natural Resources Canada
P. Hakilla
Finnish Forest Research Institute

Production Systems

S. Ledin
Swedish University of
Agricultural Sciences

Pests

D. Royle
Long Ashton Research Station,
U.K.

Stock Improvement and
Characterization of Genetic Stock

G. Tuskan
Oak Ridge National Laboratory
U.S.A.

Liquid Biofuels

M. Wdrgetter
Federal Institute for Agricultural
Engineering, Austria

Lignocellulosic Solid Fuels

U. Jergensen
Danish Institute of Plant and Soil
Science

Feedstock Preparation and Quality

J.E. Mattsson
Swedish University of
Agricultural Sciences

Environmental Issues

T. Smith
Forest Research Institute Ltd.,
New Zealand

Systems Studies

R. Graham
Oak Ridge Natl. Lab., U.S.A.

Appendix 4.2
ACTIVITIES AND ACTIVITY LEADERS
Task XIII - Biomass Utilization
Operating Agent:

Don J. Stevens
Cascade Research Inc.
U.S.A.
Address etc: See Appendix 2

ACTIVITIES

LEADERS

Biomass Combustion

J. Hustad

Univ. of Trondheim
Norway
Thermal Gasification

S. Babu

Institute of Gas Technology
U.S.A.
Pyrolysis for Liquid Products

T. Bridgwater

Aston University
United Kingdom
Biotechnology for Conversion
of Lignocellulosics

J. Saddler

Technoeconomic Analysis

Y. Solantausta
VTT Energy
Finland

Integrated Bioenergy Systems

K. Mackie

Univ. of British Columbia
Canada

Forest Research Institute Ltd.
New Zealand

Appendix 4.3
ACnVITIES AND ACTIVITY LEADERS
Task XIV - Energy Recovery from Municipal Solid Waste
Operating Agent:

N. Patel

ETSU, United Kingdom
Address etc: See Appendix 2.
ACTIVITIES

LEADERS

Thermal Conversion of MSW
and Refuse Derived Fuel

H. Temmink
TNO
Netherlands

Landfill Gas

A. Lagerkvist

Lulea Univ. of Technology
Sweden
Anaerobic Digestion of MSW

Ph.Lusk
Resource Development Associates
U.S.A.

Impact of Integrated MSW
Management on Energy Recovery

S. Sawell
Compass Environmental Inc.
Canada

Appendix 4.4

ACTIVITIES AND ACTIVITY LEADERS
Task XV - Greenhouse Gas Balances of Bioenergy Systems
Operating Agent:

J. Spitzer

Joanneum Research
Austria
Address etc: See Appendix 2
The Task is organized with "National Teams" in the participating
countries Austria, Canada, Finland, Sweden and U.S.A. The contact
persons in these countries are listed below.
Participant National Team Leader

Institution

Austria

Bernhard Schlamadinger Joanneum Research

Canada

Mike Apps

Natural Resources Canada

Finland

Ilkka Savolainen

VTT Energy

Sweden

Bengt Bostrom

NUTEK

U.S.A.

Gregg Marland

Oak Ridge Natl. Lab. (ORNL)

TECHNICAL ADVISORY COMMITTEE MEMBERS

Appendix 5

Task XII

Task XIII

Task XIV

AUS

Worgetter

Hofbauer

-

BEL

-

Schenkel

-

CAN

Bowers

Hogan

Robert

DEN

Heding

Christiansen

Hansen

FIN

Hakkila

Sipila

Thun

FRA

Hevin

-

Poncelet

ITA

Pignatelli

Gerardi

-

JAP

-

-

Yamauchi

NL

Kwant

Kwant

Pfeiffer

NZ

T. Smith

Mackie

-

NOR

Vik

Senju

Hustad

SWE

Tegne'r

Ingman

Bostrom

SWI

-

Buhler

Wellinger

U.K.

Maryan

Dumbleton

K. Brown

U.S.A.

Ferrell

Santos-Leon

Friedrich
(Wiles)

C.E.C.

Booth

Bridgwater
(Maniatis)

-

Appendix 6.1
ExCo MEMBERS & ALTERNATES
Member

Alternate Member

AUSTRIA

Prof. Dr Alfred Schmidt
Technische Universitat
9 Getriedemarkt
A-1060 VIENNA
Phone: +43-1 588 014 728
Fax: +43-1 587 63 94
E-mail:

Dr Josef Spitzer
Joanneum Research
Elisabethstrasse 11
A-8010 GRAZ
Phone: +43 - 316 876 332
Fax:+43-316 876 320
E.mail: josef.spitzer@joanneum.ac.at

BELGIUM

Mr Jean Renault
Adm. for Research & Development
Ministry oi Middle Classes and
Agriculture
Avenue du Boulevard 21,7e etage
B-1210 BRUSSELS
Phone: +32-22 06 72 93
Fax: +32-22 06 75 53
E-mail:

Mr. Roger Piscaglta
Adm. for Research & Development
Ministry of Middle Classes and
Agriculture
Avenue du Boulevard 21,7e etage
B-1210 BRUSSELS
Phone:+32-2206 7312
Fax: +32 - 22 06 75 S3
E-mail:

CANADA

Mr Jim Richardson
Department of Natural Resources
Canadian Forest Service
580 Booth Street, 7th floor
OTTAWA, Ontario K1A 0E4
Phone: +1-613 947 8999
Fax: +1-613 947 9090
E-mail: jrichard son
©forestry.ca

Dr Allan Dolenko
Alternative Energy Division
CANMET
580 Booth Street, 13th floor
OTTOWA, Ontario K1A 0E4
Phone: +1 - 613 9% 6162
Fax: +1 - 613 996 9416
E-mail:

DENMARK

Mr Klaus Mandrup
Danish Energy Agency
Amaliegade44
DK-1256 COPENHAGEN K
Phone: +45-33 92 75 51
Fax: +45-33 11 47 43
E-mail: ensGtens.dk

Mr Ulf Meyer Heinus
Adv. Committee Biomass Res.
Arnevangen 29
DK-2840 HOLTE
Phone: +45 - 45 80 38 90
Fax: +45 - 45 50 50 95
E-mail:

FINLAND

Prof Kai SipilS
VTT Energy
P.O. Box KOI
FIN-02044 VTT
Phone: +358-9 456 5440
Fax: +358-9 460 493
E-mail: kai.sipila@vtt.fi

Mr Sampsa Sivonen
Ministry of Agriculture & Forestry
P.O.Box 232
FIN-00171 HELSINKI
Phone:+358-9160 33 51
Fax: +358 - 9 160 22 80
E-mail: X.400: C=FI P=AGRIFDM
O=MMM S=SIVONEN G=SAMPSA

FRANCE

Ms Catherine de Silguy
ADEME
27 Rue Louis Vicat
F-75010 PARIS
Phone: +33-1 47 65 20 00
Fax: +33-1 46 45 52 36
E-mail:

Mr Christophe Hevin
ADEME
2 Square Lafayette - BP 406
F-49004 ANGERS CEDEX 01

ITALY

JAPAN

Dr Giuseppe Caserta
ENEA
Via Anguillarese 301
1-00060 ROME
Phone: +39-630 484 818
Fax: +39-630 486 452
E-mail: g.caserta@iol.it
Mr Harumi Arai
NEDO
29th Floor, Sunshine 60 Bldg
No 1-1, Higashi-Ikebukuro, 3-chome
TOSHIMA-KU, TOKYO 170
Phone: +81-339 879 484
Fax: +81-359 921 349
E-mail: araihrm@nedo.go.jp

Phone: +33 - 41 20 41 20

Fax: +33 - 41 87 23 50
E-mail:
Mr Roberto Avella
ENEA
Via Anguillarese 301
1-00060 ROME
Phone: +39 - 630 483 945
Fax: +39 - 630 486 452
E-mail:

Mr Toru Yamauchi
NEDO
29th Floor, Sunshine 60 Bldg
No 1-1, Higashi-Ikebukuro, 3-chome
TOSHIMA-KU, TOKYO 170
Phone: +81-339 879 481
Fax: +81-359 921 349
E-mail: yamauchitor@nedo.go.jp

Appendix 6.2

ExCo MEMBERS & ALTERNATES
Member
NETHERLANDS Dr Gerard Smakman
NOVEM
P.O. Box 8242
NL-3503 RE UTRECHT
Phone: +31-30 239 34 54
Fax: +31-30 231 64 91
E-mail :nlnovgsm@ibmmail.com

Alternate Member
Dr Kees Kwant
NOVEM
P.O.Box 8242
NL-3503 RE UTRECHT
Phone:+31-30 239 34 58
Fax: +31-30 231 64 91
E-mail:nl novkwk@ibmmail.com

NEW ZEALAND

Mr John Tustin
N.Z. Forest Research Institute Ltd.
Private Bag 3020
ROTORUA
Phone: +64-73 475 899
Fax: +64-73 479 380
E-mail: dianne@fri.cri.nz

Mr Keith Mackie
N.Z. Forest Research Institute Ltd.
Private Bag 3020
ROTORUA
Phone: +64-73 475 899
Fax: +64-73 479 380
E-mail: mackiek@fri.cri.nz

NORWAY

Dr Olav Gislerud
The Research Council of Norway
P.O. Box 2700, St. Hanshaugen
N-0131 OSLO
Phone: +47-22 03 71 08
Fax: +47-22 03 71 04
E-mail: olav.gislerud@nfr.no

Mr Gunnar Wilhelmsen
Centre for Soil and Environment Res.
N-1432 AS
Phone: +47-64 948 100
Fax: +47-64 948 110
E-mail:gunnar.wilhelmsen@jordforsk.
nlh.no

SWEDEN

Dr Lars Tegner
NUTEK
S-117 86 STOCKHOLM
Phone: +46-8 681 9384
Fax: +46-8 681 9328
E-mail: 1ars.tegner@nutek.se

Mr Rolf Ingman
NUTEK
S-117 86 STOCKHOLM
Phone: +46 - 8 681 9363
Fax. +46 - 8 681 9328
E-mail: rolf.ingman@nutek.se

SWITZERLAND

Mr Martin Hinderling
Swiss Federal Office of Energy
Renewable Energy Section
CH-3003 BERNT
Phone: +41-31 322 5642
Fax: +41-31 382 4403
E-mail: hinderling@bew.admin.ch

Dr Gerhard Schriber
Swiss Federal Office of Energy
Res. Coord. 4 Special Fields Section
CH-3003 BERN
Phone: +41-31 322 5658
Fax: +41-31 382 4403
E-Mail: schriber@bew.admin.ch

UNITED
KINGDOM

Dr Keith Richards
ETSU, B 154
Harwell Laboratory
Didcot
OXON OX11 0RA
Phone: +44-1235 433 586
Fax: +44-1235 432 923
E-mail: keith.richards@aeat.co.uk

Dr Keith Brown
ETSU, B154
Harwell Laboratory
Didcot
OXONOX110RA
Phone: +44-1235 433 516
Fax: +44-1235 433 981
E-mail: keith.brown@aeat.co.uk

UNITED
STATES

Dr Raymond Coslello
US Department of Energy
Biofuels Systems Division
1000 Independence Ave. S.W.
WASHINGTON, D.C. 20585
Phone: +1-202 586 4898
Fax: +1-202 586 9815
E-mail: raymond.costello@hq.doe.gov

Mr Richard Moorer
US Department of Energy
Biofuels Systems Division
1000 Independence Ave. S.W.
WASHINGTON. D.C. 20585
Phone: +1 - 202 586 5350
Fax: +1-202 586 9815
E-mail:

EUROPEAN
COMMISSION

Mr B. Hansen
DG for Science, R&D
European Commission
Rue de la Loi 200
B-1049 BRUSSELS
Phone: +32-22 963 695
Fax: +32-22 955 365
E-mail:

Mr Ciaran Mangan
DG for Science, R&D
European Commission
Rue de la Loi 200
B-1049 BRUSSELS
Phone: +32-22 961 279
Fax: +32-22 964 322
E-mail:

Appendix 6.3
ExCo MEMBERS & ALTERNATES
Member

Alternate Member

EC CHAIRMAN
1997

Dr Olav Gislerud, Norway
(see above)

EC VICE
CHAIRMAN
1997

Dr Josef Spitzer, Austria
(see above)

EC SECRETARY
1997

Dr Tor Leif Andersson
TELLUS ENERGI AB
Vitriskestieen 5
S-611 63 NYKOPING
Phone: +46-155 215 440
Fax: +46-155 210 632
E-mail: tor.leif.andersson@mailbox.swipnet.se

IEA LIAISON

Mr. Michael Lawson
IEA
Office of Energy Technology
and Efficiency
9 Rue de la Federation
F-75739 PARIS CEDEX 15
Phone: +33-1 40 57 67 64
Fax: +33-1 40 57 67 59
E-mail: michael.lawson@iea.org

Bocker och rapporter fran NUTEK1994-1997
Cumulative List of Publications issued by the Swedish National
Board for Industrial and Technical Development 1994-1997
Ar du intresserad av att teckna ett arsabonnemang pa NUTEKs bocker och rapporter?
Skicka da in din intresseanmalan till NUTEK, Informationsenheten, 117 86 Stockholm. Fax 08-19 68 26

NUTEK har publicerat foljande utredningar i bokserien (B).
NUTEK has published the following reports from the Booklist (B).
B 1994:1
B 1994:2
B 1994:7

1EA Bioenergy Annual Report 1993
IEA WindEnergy Annual Report 1993
Small business in Sweden

B 1995:2
B 1995:5
B 1995:7
B 1995:8

IEA Bioenergy Annual Report 1994
IEA Alternative Motor Fuels. Annual Report 1994
Telematics Profile
Who is who in Telema tics?

B 1996:1
B 1996:3
B 1996:6
B 1996:9
B 1996:10

IEA Bioenergy Annual Report 1995
Co-operative Procurement. Market Acceptance for Innovative Energy-Efficient Technologies
Towards flexible organisations
IEA Alternative Motor Fuels. Annual Report 1995
Aspects of women's entrepreneurship

B 1997:1

IEA Bioenergy Annual Report 1997

NUTEK har publicerat foljande utredningar i rapportserien (R).
NUTEK has published the following reports from the Reportlist (R).
R 1994:19 Intermodal Freight Centres in Europe- A Strategic Analysis
R 1994:20 Evaluation of the Dynamic Synchronous Transfer Mode (DTM) - Report of the International
Evaluation Committe
R 1994:29 The combined generation of heat and power in Great Britain and the Netherlands
R 1994:40 R & D in Swedish Multinational Corporations
R 1994:49 Energy Report - Summary and conclusions
R 1994:53 Soil Biological Aspects of Short-Rotation Forestry
R 1994:57 Hot Dry Rock
R 1994:61 Aviation and the Environment
R 1994:70 Effective market influence
R 1995:2
R 1995:8
R 1995:9
R 1995:11
R 1995:13
R 1995:16
R 1995:18
R 1995:21
R 1995:22
R 1995:25
R 1995:26
R 1995:30
R 1995:39
R 1995:41

International Evaluation of Swedish Research Projects in the Field of System Analysis and
Bioenergy
International Evaluation of Swedish Research Projects in the Field of Fuel Cells
Concept study of a heavy-duty bus engine operated on ethanol
Control and Operation of Wastewater Plants - New Methods and New Process Technology
(STAMP)
System study - Techno/Economical Reviews of a Number of Process Combinations of Ethanol
Processes and other Relevant Industrial Processes
Technology procurement as a policy instrument
Innovative Activities in Swedish Firms
Analysis of the Swedish Participation in Community RTD
Evaluation and Prospects for NUTEK in the Swedish RT1 Programme
Factors for Success in European National Systems for Support to Technology Based Enterprises
Evaluation of the Research Programme "Ore Geology related to Prospecting"
Domestic electricity in detached houses
International evaluation of the program on Fluid Dynamics
Ethers in Gasoline
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R 1995:43 International Evaluation of Swedish Research Projects on the Environmental Impacts of Wood
Fuel Harvesting
R 1995:44 Ultracapacitors for Electric Hybrid Vehicles
R 1995:45 Lithium Batteries for Electric Road Vehicle Applications
R 1995:46 Interdisciplinary Consortia in Materials Science and Materials Technology.
R 1996:3
R 1996:4
R 1996:18
R 1996:19
R 1996:21
R 1996:25
R 1996:26
R 1996:29
R 1996:39
R 1996:41
R 1996:44
R 1996:45
R 1996:47
R 1996:63
R 1996:69
R 1996:81
R 1996:82

Consortia in Microelectronics. International evaluation, January 1996
Autonomous Mobile Systems. A study of Current Research
Biofuels for Transportation. From R&D to Market
International Evaluation of Swedish Projects in the Field of Short Rotation Forestry for Energy
International Evaluation of the Programme Bioprocess Technology
Biocompatible Materials. Biocompatibility - Projectreports
Science Challenging HIV
Wood ash or dolomite treatment of catchment areas -effects on mercury in runoff water
Studies of Female Entrepreneurship. A Researchprogramme
Embedded Systems. Evaluation of the Research Programme 93-96
Electric and Hybrid Electric Vehicles. Report of the International Evaluation Committe. June 96
Technologically Integrated Manufacturing Engineering. Report of the International Evaluation
Committe. June 96
International Evaluation of the programme on Engine-Related Combustion
Mobile Autonomous Systems. Evaluation of the Research Programme 93-96
International Evaluation of the programme on Fluid Bed Combustion and Gasification
Role and Importance of the NUTEK Advanced Manufacturing Technology Programmes 1990-96
Programming Systems and Software Engineering
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IEA Bioenergy

Annual Report 1996
J.EA1. Bioenergy is an international collaboration in Bioenergy within the
International Energy Agency - IEA.
IEA is an autonomous body within the framework of the Organisation
for Economic Co-operation and Development (OECD) working with the
implementation of an international energy programme.
In 1996, there were four ongoing Tasks within IEA Bioenergy
Task
Task
Task
Task

XII
XIII
XIV
XV

Biomass Production, Harvesting and Supply
Biomass Utilisation
Energy Recovery from Municipal Solid Waste
Greenhouse Gas Balances of Bioenergy Systems

This Annual Report gives a presentation of IEA Bioenergy 1996 activities
and includes progress reports from the Executive Committee and the four
Tasks.
Tasks XII - XV will be terminated by the end of 1997. The planning for
a new set of Tasks to be started in 1998 is under way.
There is a general consensus among experts and governments around
the world that Bioenergy is one of the renewable resources of energy which
are expected to play a major role in the future. This is reflected in an effort
to increase industrial participation in IEA Bioenergy and shift the emphasis
of the collaborative work from Research and Development towards
Deployment.
At the end of 1996 there were sixteen Participants in IEA Bioenergy fifteen countries and the European Commission.
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