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International Energy 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.

A.

Welcome to IEA Bioenergy

IEA Bioenergy is the short name for the international Bioenergy collaboration within the International Energy Agency - IEA. A brief presentation
of IEA is given in 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 1995 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 now 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 the human society.
The work within IEA Bioenergy is structured in a number of Tasks, which
have well defined objectives, budgets and time frames. Briefly spoken,
one can say that the collaboration within IEA, up to now, has been very
much focused on Research, Development and Demonstration, whereas
the trend is to put an increased emphasis on the Deployment of Bioenergy
in large scale world-wide. This change in emphasis is reflected in the
ongoing work 1995-1997 and, even more, in the planning work for the
time period from 1998 and onwards.

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
The 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 1995 was as shown in the following matrix:
Task XII Task XIII Task XIV Task XIV
Austria
Belgium
Canada
Denmark

X
X

X

X

Finland
France
Italy
Japan

X

-

X

X

X

X

X
X
X
-

X
-

X
-

X
-

-

Netherlands
New Zealand
Norway
Sweden

X

X

;c

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

-

TOTAL

13

14

1

X

A progress report for IEA Bioenergy for the year 1995 is given in Section B
of this Annual Report.

B.
1.

Progress Report
The Executive Committee

The IEA Bioenergy Executive Committee acts as "the board of directors" of
IEA Bioenergy. The Committee makes the planning for the future,
appoints persons to do the job, approves the budget and (through its
members) raises the money for the funding of the work. The Executive
Committee (ExCo) also scrutinises the progress reports and accounts from
the various projects within IEA Bioenergy.
The 35th ExCo meeting took place in Espoo, Finland, on 29-30 March 1995.
The 36th ExCo meeting was held at the OECD office in Paris, France, on
14-15 November 1995.
The Executive Committee has worked with a number of important issues
during 1995, such as:
• "market" IEA Bioenergy in order to increase the number of participating countries;
• review and evaluate the work within IEA Bioenergy;
• initiate new Tasks and supervise the work in the ongoing Tasks;
• approve Task and Secretariat Budgets;
• initiate the planning for the long range perspective;
• arrange and support seminars and workshops;
• develop co-operation with other IEA Agreements;
• revise and update legal framework and relevant documents concerning
IEA Bioenergy; insure information material are both appropriate and
accurate, and reflect the work undertaken by the IEA Bioenergy member countries.
The work in the ExCo with these issues during 1995 will be described in a
little more detail below.

"Marketing" of IEA Bioenergy
Large efforts are continuously being devoted to increase the number of
countries participating in IEA Bioenergy. The main part of the effort is
directed toward countries which have their own development programme within the Bioenergy Area and are members of IEA or at least of
OECD. Interesting discussions are presently going on with Germany and
Australia.
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. There are no such partners to IEA Bioenergy as yet, but
Brazil and Israel can be mentioned as examples of countries of that
category.
Also, through a new provision in the IEA Bioenergy Agreement, there is
a possibility for industrial partners to join IEA Bioenergy as Sponsors.
This is expected to be of large importance when steering the IEA Bioenergy work gradually towards more and more of deployment and large
scale utilisation of Bioenergy.

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 keep an eye on the progress and assist the Operating Agents in
the evaluation of the work and in the planning for the future.
A review of IEA Tasks VIII-XI (1992-1994) will be presented during 1996, in
accordance with the rules presented in the 1994 Annual Report.
Furthermore a report summarising annual achievements and planned
initiatives for the coming year is presented every year by the ExCo Chairman to the IEA Renewable Energy Working Party, as part of tlie review
performed by the IEA Headquarters. Such a report was presented at the
REWP meeting in Paris in October 1995.
An internal review of the degree of industrial involvement in the
different IEA Bioenergy Tasks has also been made in 1995.

Initiation of a Nezu Task
In addition to the set of three new Tasks, aimed for the period 1995 -1997,
approved late in 1994, a new Task on Greenhouse Gas Balances of Bioenergy Systems was approved by ExCo35 in March 1995. The Task Proposal was worked out by Austria and presented to the Executive Committee for approval with an invitation to the ExCo Members to participate.

The new Task, which has number XV, has a duration until 31 December
1997.

Approval of Task and Secretariat Budgets
The budgets for 1995 approved by the Executive Committee for the EC
Secretariat and for the four Tasks were as follows:
Approx. equiv. in USD*)
EC Seer. Fund
SEK
576 000
87 000
Task XII
CAD
871440
640 000
Task XIII
USD
459 195
460 000
Task XIV
GBP
225 000
350 000
Task XV
ATS
412 500
40 000
In total: 1 577 000
*) exchange rate as per end of December 1995

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
The development of "IEA Bioenergy for the future" is a delicate balance
between the preservation of good and well established networks which
have been built up during a number of years and a careful pruning of the
existing "IEA Bioenergy co-operation tree" to allow new branches to
develop. As has been mentioned already, Bioenergy is now moving more
and more towards market deployment, which puts the emphasis on large
scale introduction of Bioenergy in addition to further development work
in certain strategic areas. This will certainly influence the further development of IEA Bioenergy.
A special task force was appointed at the ExCo36 meeting with the aim of
starting the planning process for the development of IEA Bioenergy from
1998 and onwards. The task force will, in particular, address the following
issues and present a proposal to the ExCo at its first meeting in 1996:
• Increased industry activity and involvement;
• Development of Third World Country participation and access;
• The interplay with the European Commission and its extensive
Bioenergy Programme;
• Re-examination of the structure of Tasks and Activities, including a reconsideration of the options of cost sharing versus task sharing for
different parts of the future IEA Bioenergy Programme.

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 useful way to exchange information between the participants.

These meetings are described in the progress reports from the different
Tasks later in this Annual Report.
Some seminars and workshops are also arranged by the Executive Committee.
A large common seminar for all the IEA Bioenergy projects was arranged
in Oslo, Norway, on 23-24 March 1995, just a few days before the ExCo35
meeting in Finland. At that occasion, which was called an "End-of-Task
Event", final reports were presented from all the activities of Tasks VIII XI, which had been in operation during 1992 -1994. The seminar was very
well attended and there were also observers from some non-participating
countries, among these Estonia and Latvia. The proceedings from the
End-of-Task Seminar has been published as a special issue of the
"Biomass and Bioenergy" journal.
IEA Bioenergy also sponsored the seminar "Power Production from
Biomass II", which was arranged by VTT Energy at Espoo, Finland, on 2728 March 1995.

Contacts with other IEA Agreements
There are many IEA Agreements working in areas adjacent to that of IEA
Bioenergy and the ExCo has encouraged close contacts to be held with
such Agreements in order to facilitate the exchange of information and to
ensure that duplication of work is avoided.
Notable during 1995 was the workshop on "Biofuels for Transportation",
arranged at Saltsjöbaden, Sweden, by NUTEK with International Symposia on Alcohol Fuels (ISAF), IEA Alternative Motor Fuels, IEA Bioenergy
and the EC Altener Programme as co-sponsors. This workshop, which
was very much devoted to the deployment and the market introduction
of various liquid biofuels to be used in vehicle engines, resulted in a
number of recommendations to the participating organisations. Among
these recommendations was that IEA Bioenergy look into the possibilities
to give a higher emphasis to the biomass based production of liquid
engine fuels for the transportation sector. This is presently being investigated within IEA Bioenergy and a proposal may probably be presented to
the ExCo during 1996.
The ExCo feels that the co-operation with other IEA Agreements as well
as the increased degree of interest shown by the IEA Renewable Energy
Working Party (REWP) are very positive and important elements in the
further development of the IEA Bioenergy Programme.
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Revision of Legal Documents and Information Material on IEA
Bioenergy
The first version of the Implementing Agreement, i.e. the umbrella
document under which all IEA Bioenergy work is carried out, was signed
already in 1978, as mentioned before. A revision of that document was
made in September 1988, after the change of name from IEA Forestry
Energy to IEA Bioenergy. In November 1995, a new revised version
(called Conformed Copy) of the IEA Bioenergy Agreement was printed
and distributed to the participants. The updated version contains a
number of changes and additions that have been adopted by the ExCo
since the last revision. Among the important new items are a revised
article on Information and Intellectual Property and new articlas on the
possibilities for non IEA/OECD countries to join as Associate Contracting
Parties and for industrial partners to join as sponsors. Also, a limitation
on the duration of the Bioenergy Agreement has been introduced. It is
presently valid until 31 December 1999.
During 1995, the ExCo has also prepared an information brochure on IEA
Bioenergy, to be printed in colour and intended for a broad distribution
within as well as outside the participating countries. In addition, the ExCo
has approved an IEA Bioenergy text logotype to be used on all IEA Bioenergy material.
The IEA Bioenergy Newsletter lias been issued twice during 1995. Preparations have also been started for a World Wide Web page about IEA
Bioenergy on Internet, that will be released in 1996.
A whole set of internal information and guide-lines material directed to
different categories of people inside as well as outside IEA Bioenergy has
also been worked out and approved by the ExCo. Generally, this type of
material has been produced by request from Activity Leaders, Members of
Technical Advisory Committees etc., who have felt a need for information and guidelines for their work.

2.

Conclusive reports from the period 1992 -1994.
Achievements and Assessment of Completed
Tasks VIII-XI

Efficient and Environmentally-Sound Biomass Production
Systems (Task VIII)
The production of energy from biomass offers an environmentallyfriendly alternative to the use of fossil fuels. Biomass production on a
large scale/ however, is a relatively new undertaking, and there is much
work to be done to ensure the efficiency and environmental soundness of
11

these systems. Task VIII was initiated to facilitate information exchange
amongst the participating countries, to encourage co-operative research,
development and demonstration of production systems, and promote the
use of these systems. The objectives of the Task were to develop efficient
and environmentally-sound biomass production systems and to disseminate the resulting information to the participants of the Task including
relevant users and industry.
The Task was organized in the areas of short rotation forestry biomass
production systems, conventional forestry systems, other biomass crops
and environmental issues. It comprised nine Activities: New Cultural
Treatments and Yield Optimization; Growth Processes; Genetic Improvement; Pest/Disease Control; Exchange, Evaluation and Joint Testing
of Genetic Stock; Forest Energy Production; Other Biomass Crops; Biological Disposal of Waste Waters and Sludges; and Ecological / Biological
Balances and Conservation
Achievements
Some of the significant achievements are as follows:
Considerable interest in short rotation forestry has been generated over
the past few years. As a result, a "Handbook on How to Grow Short
Rotation Forests" was initiated in Task V, 1989-91. The New Cultural
Treatments and Yield Optimization Activity has updated this book during
Task VIII, incorporating new developments that have occurred. In order
to make the information in this book more quickly accessible, the conversion of the Handbook on How to Grow Short Rotation Forests to a
computerized version has been undertaken using Microsoft Visual Basic.
Computer modelling is often used to help understand the complex
processes that occur in trees and other plants. The Growth Processes
Activity undertook an initiative to determine the status of modelling of
fast growing trees. Fast growing trees such as poplars and willows resprout after harvesting, thus eliminating the need for replanting. This
biological process, however, is not well understood. To advance our
knowledge in this area, the effect of nutrient reserves in the stump and
roots on resprouting has been studied during the Task.
With the development of superior planting stock, it is important that
these new varieties can be easily identified to ensure that the right stock is
planted in the right locations. To assist this process, the Genetic Improvement Activity documented the physical characteristics of 35 poplar
and 45 willow clones in operational or semi-operational use. To complement the first study, DNA fingerprinting was performed on 55 poplar
and 81 willow clones, and a catalogue of clonal traits for poplars was
produced.
12

The use of fast growing trees as a source of wood for energy is a relatively
new undertaking. As with any new crop, the effect of possibly serious
diseases is not well understood. The Pest/Disease Control Activity
undertook an analysis of the forms of fungi that cause willow and poplar
rusts and found that there is a complex array of these pathogens. It has
been observed that different fungi infect different varieties of fast growing
trees. To get a better understanding of this relationship, disease/tree
variety interaction trials were established and monitored for poplar and
willow.
As superior planting stock is produced in various countries, it should be
made available to the participants in the Task. The Exchange, Evaluation
and Joint Testing of Genetic Stock Activity facilitated this by distributing
poplar planting stock amongst participating countries. In addition, a
joint poplar trial was established and monitored to determine how well
the new stock performed at different locations.
The Task also looked at using wood from conventional forests as a source
of biomass for energy. The Forest Energy Production Activity investigated
eight forest management systems for this purpose: five conventional
forestry systems involving multiple products from softwood and mixed
wood, and three hardwood systems emphasizing production of biomass
for energy. It was satisfying that increasing biomass production for energy
was generally found to be positive from silvicultural, economic and
environmental perspectives.
It is realized that biomass for energy is not restricted to trees. Other nonwoody species can make significant contributions to the overall biomass
supply. The Other Biomass Crops Activity compiled a wealth of information on this supply and published a book on energy production from
woody and non-woody biomass. Because the economics of biomass
production is not well understood, a microeconomic analysis of herbaceous energy crops was performed.
The environmentally-friendly disposal of human and animal wastes is a
problem in many countries. These wastes, however, are rich in nitrogen
and could be an effective fertilizer for fast growing trees. There are limits
as to how much of these wastes can be applied, and many countries have
laws defining these limits. The Biological Disposal of Waste Waters and
Sludges Activity published a comparison of the legislation in different
countries on the use of sludges and waste waters in forestry and agriculture. It was demonstrated that willows are effective vegetation filters for
municipal waste waters and sludges (a biological purification system).
As larger areas of fast growing trees are established for biomass production, some concern has been raised as to the effect on the environment.
With this in mind, The Ecological/Biological Balances and Conservation
13

Activity documented the environmental applications of energy forestry
cultivation. The general conclusion was that energy forests have advantages with respect to carbon balances, nutrient cycling and soil sustainability.
Reports from Task VIII are listed in Appendix 1.
Assessment
One of the main objectives of the Bioenergy Agreement is information
exchange. This has been achieved within the Task by holding workshops,
conferences and symposia. To further disseminate this information,
proceedings of these meetings have been published, computer models
produced, and data bases distributed. Via the Task undertakings, scientists
and professionals from participating countries have met, collaborated and
expanded their understanding of many aspects of biomass production
systems in a most efficient manner.
Over the past three years, progress has been made on the understanding
of the problems and solutions for making dedicated biomass production
for energy an applied system. The co-operation established in the Task
produced an increased level of co-ordination of research projects and
stimulated research. Without such co-operation, the level of achievements in a single laboratory or national programme would not have been
attained.

Harvesting and Supplxj of Woody Biomass for Energy (Task IX)
The harvesting and supply of woody biomass for energy are key steps in
the bioenergy system. These are potentially expensive and highly influential on cost-effectiveness. They provide the link between the resource and
the conversion facility and can control the quality of the delivered
feedstock, particularly with respect to form and moisture content. These
steps can be optimised with respect to a given conversion technology yet
the solutions adopted need to stay within the bounds of economic and
environmental acceptability.
Task IX, Harvesti7ig and Supply of Woody Biomass for Energy, was

established to allow exchange of information and development of cooperative and collaborative work to aid deployment of bioenergy technologies in the participating countries. The objectives were to develop
cost-effective and environmentally acceptable technologies and systems
for harvesting, transport, preparation, storage and supply of wood for
energy from conventional forestry and short rotation biomass plantations, and to disseminate the results to relevant users and industry.

14

The main achievements in the Task are
• an increased industrial involvement in the Task,
• an improved contact between researchers dealing with ecological issues
and those working with technical aspects of harvesting and supply
systems,
• development of a spreadsheet-based decision support system to evaluate integrated biomass to heat or electricity systems, and
• a greater awareness of the importance to control and improve fuel
feedstock quality in all stages of harvesting and supply systems.
Achievements
The Task operated over a period of enhanced commercial interest in the
deployment of bioenergy resulting in a substantial industrial participation
in the activities which make up the Task. Particular interest has been
registered in the development of equipment for the mechanisation of
operations in short rotation forestry as a means of reducing production
costs and in integrated harvesting systems which appear to offer operational efficiencies and cost reductions in the supply of wood for fuel from
conventional forestry.
Systems need to be examined within a wider framework, including
consideration of environmental and feedstock quality issues as well as
overall system economics. These aspects have been studied across the
Task structure, from production, harvesting and supply of fuel feedstocks
to conversion to useful energy. The studies were complemented by
workshops.
The 1993 Task IX workshop Environmental issues in supply of biomass
for energy from conventional forestry, aimed at increasing the contact

between researchers dealing with environmental issues, and those
dealing with management, harvesting and transport. It stimulated a better
understanding of others in the system and the constraints under which
they have to operate. Before the scientist feels confident in making a
statement he needs more data and time. The authority and company
administrator however, will have to take decisions even if detailed
scientific knowledge is not available. It was felt by many scientists that it
would be possible to come up with best guess recommendations. Environmental guidelines for biomass harvesting and supply can be developed if silviculturalists, harvesters and soil scientists get together and
discuss the important issues and define their impact.
The 1994 Task IX workshop Preparation of high quality woodfuels, had

the objective to demonstrate and discuss development in the area of
improving the overall performance of woodfuel systems through a better
control of the fuel properties in the different stages of harvesting, prepara15

tion, storage, transport and supply. Available woodfuels come from a
number of different sources, such as logging residues, uncommercial tree
species and sizes, residues from forest product industries, short rotation
forestry etc. To increase system efficiency and the economic viability of
conversion of woody biomass to fuels and energy feedstock, quality issues
need to be identified and addressed. This requires a dialogue between the
supply and the utilisation sides.
Mechanisation for short rotation forestry
In the United States short rotation forestry is practised extensively,
primarily using single stem crops for production of feedstock for the pulp
and paper industry. In Europe more attention is given to short rotation
coppice crops for energy, particularly willows and poplars, with most
commercial work centred in Sweden.
Operations in short rotation forestry crops are notoriously difficult to
mechanise due to the height of the crop, the density of the spacing and the
awkward shape of the harvested shoots. There has been much debate
relating to the idea of trying to harmonise plantation design and spacing
between the stools. In the USA there are many difficulties which limit the
development of specialised harvesting equipment for SRF plantations.
Mo standard combination of species, cultural practices, rotation age,
products, operating season or reproduction method exists. In Europe there
is a greater consensus concerning plantation design, at least for willows,
which is allowing the commercial development of planting machines
and harvesters which can operate in different countries. This will benefit
the industry in that there is potential for production runs of machines
which should reduce capital costs.
A number of harvesting machines are being developed and tested in
plantations in several countries, some on a collaborative basis. There are
two main types of harvester, those that cut the crop and harvest the
shoots, and those that cut the crop and comminute the crop directly. Each
system has its pros and cons which focus particularly on the relation
between cost of harvest and chipping versus storage losses. Cut-and-chip
machines are cheaper to operate yet the chips lose dry matter during
storage. Shoot harvesters are more expensive to operate yet the dry matter
losses in storage are less. There are still far too many unknown factors,
particularly with respect to storage losses, in the equation to be confident
to say that one system is to be preferred over another.
All mechanisation activities in short rotation forestry will entail an
adverse impact on the soil, particularly compaction. It is clear that low
ground pressure equipment needs to be developed, either tracks or wide
tyres. Such considerations may well have impact on plantation design i.e.
wider space between the rows to accommodate wider tyres.
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Harvesting ivoodfuel from conventional forestry
Logging residues and small trees are ideal energy resources and can be
recovered separately or integrated into timber harvesting operations.
They rank behind industrial wood residues in cost but are less costly than
woodfuels from short rotation woody crops. The potential is significant in
all member countries.
As the harvesting systems are increasingly adopted as commercial operating systems there are great benefits to be gained by ensuring that the
knowledge and experience gained by industry is passed onto researchers
in order that continued research efforts were correctly directed in the light
of operational knowledge. This was reflected in a greater involvement of
industry in the Task.
A number of technological developments have increased the potential to
harvest small trees for energy economically. Single grip harvesters have
been modified to pile the residues along the strip roads instead of directly
in front of the machine. This reduces contamination from dirt, promotes
drying and prevents ground moisture from entering the residues. At
roadside, protecting piles of residues with reinforced paperboard prevent
excessive moisture uptake, and storing wood in the unchipped form
reduces the potential for deterioration. Trials are being conducted in
which it was found that by using a multiple-tree felling head, the productivity of the felling head could match that of an in-woods chipper and
therefore bring unit costs down.
The costs can be reduced if small and inexpensive machines are used to
harvest and process small trees or residues for energy, and large expensive
machines are used to harvest and process large trees for timber and pulp
wood.
On the US west coast sortyard debris are the most economically attractive,
in the east roadside delimber residues, and in the south chain flail
delimber-debarker residues. The latter have clear linkages to integrated
harvesting systems.
Interest in integrated harvesting systems has increased considerably
during the last few years with five of the countries participating in the
Task practising such systems as commercial operations. Much of this
interest has been driven by economic reasons coupled with an environmental need to remove the piles of logging residues that accumulate as a
result of chainflail delimbing operations. These piles of residues are
considered to be unsightly with the added problem that the decomposition of the residues releases nutrients which may leak into the groundwater or waterways.
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There was a move in all countries towards increased mechanisation of
harvesting and also a move towards central processing of woodfuel. The
need for cost-effective comminution of the woodfuel element has resulted in a greater use of hammermilling for comminution. There are
potential cost savings in the implementation of integrated harvesting
systems but the significance of these savings is highly dependent on the
manner in which the economic analysis is conducted.
Tree section systems in the Nordic countries and the simultaneous
processing of flail rejects in the USA or Canada can be the most cost
effective method for recovering harvesting residues as a woodfuel.
However, work in the Task on the storage and drying indicates that the
quality of thvse fuels can be inferior compared to methods of recovery
where drying of the fuels prior to comminution is carried out.
Transport and handling
Transportation is an important part of the supply chain and contributes
typically 20 - 40% to the delivered fuel cost. The high cost relates particularly to the low bulk density of typical unprocessed woodfuel feedstocks.
In order to transport these feedstocks economically compaction trailers
can be used to get a full payload. Processing of woodfuel to chips allows
the use of standard systems designed for pulp chips and hence more cost
effective transport and handling systems. However, chips may create
problems in the overall supply system, particularly if long term storage of
chips is envisaged. Storage of the unprocessed woodfuel component and
allowing transpirational drying may reduce moisture content and increase bulk density, giving cost reductions for transport. These considerations indicate the complex interlinkages that are evident in any woodfuel
supply system. Interestingly, no major improvements are foreseen for
woodfuel transport in the immediate future.
Storage and drying
The storage and drying link in the supply chain is particularly important
especially when large scale energy plants are considered. With large scale
facilities operating throughout the year, and particularly if short rotation
coppice is being used, there are long storage times and a potential for
substantial dry matter loss through biological deterioration of the feedstock. Work in several of the participating countries is focusing on
understanding deterioration of the stored material and on the development of cost-effective active drying of the feedstock to meet the requirements of the conversion processes. A database on comminuted biomass
fuel storage and drying has been completed which should provide a good
source of information for developers.
Empirical studies of moisture content and dry matter changes in piles of
different woodfuel assortments during storage give results that are only
relevant for the given set of conditions under which the trials were
18

conducted. Advances are now being made in the development of
mathematical models which describe the processes ongoing in woodfuel
storage piles. Such models should predict moisture content and dry
matter changes in wood chip piles under a range of ambient conditions
through time and hence be used to design optimal and cost-effective
systems.
When bioenergy plants become commercial a potential stumbling block
in terms of the delivery system is the way in which the moisture content
is measured. This is particularly important as the moisture content is
usually used to determine the energy value of the feedstock and hence its
price. A method which is cost-effective and accurate and satisfies both
sides in the arrangement is essential. A commercial quick test moisture
meter has been evaluated.
Environmental consequences of intensive harvesting
There seems to be a general consensus that intensive harvesting will
eventually result in declines in site fertility due to nutrient removals, and
that the rate of decline will be faster on nutrient poor sites than on
nutrient rich ones. However, we still lack the ability to precisely predict
how fast, or where fertility declines will occur, and to estimate the magnitude and probability of productivity losses.
Recent reviews indicate that no long-term studies have been conducted
with the necessary level of experimental rigour to produce reliable
evidence that forest management changes long-term forest site productivity. The activity in the Task has had a major contribution to initiating the
required field trials which will produce the reliable empirical information
related to forest ecosystem processes which can be used to develop sustainable production systems.
A strong argument in favour of using wood as a source of energy rests on
the high level of carbon sequestration that occurs in such production
systems. The development of acceptable carbon taxation systems requires
the development of reliable carbon models, Unfortunately, as regards
conventional and short rotation forestry systems the level of information
on the processes is somewhat limited.
The development of sustainable biomass production systems will require
a comprehensive management approach involving four components:
• a "code of practice" for bioenergy production;
• ongoing research designed to provide validation for ecologically sound
"code of practice";
• ongoing monitoring based on permanent sample plots and experimental plots, to demonstrate compliance with the code, and to monitor the
health of the forest estate;
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• development of information storage and retrieval systems.
Techuoeconomic studies
Studies of individual links in the biomass-to-electricity chain may claim
low costs and high levels of efficiency and yet when combined with the
rest of the chain these efficiencies disappear. In order to conduct technoeconomic assessment of a system and to examine the interrelationships
between phases in the biomass-to energy chain, a spreadsheet-based
model, BioEnergy Assessment Model (BEAM), was developed together
with an activity in Task X. BEAM allows technical and economic parameters to be assessed for a variety of feedstocks, conversion technologies and
generating cycles. A useful series of relations has been derived from the
work which link delivered feedstock cost to cost of electricity generated.
The intriguing aspect of the modelling work is the difficulty in assembling reliable data in a form suitable for development. Similar problems
will be encountered when planning commercial developments. Probably
one of the biggest unknowns, from the feedstock supply point of view,
concerns the relationships in storage with respect to form, moisture
content, and dry matter change with time and how these may be controlled in a cost effective manner to produce a fuel with the required
specification.
Reports from Task IX are listed in Appendix 1.
Assessment
The work of IEA Bioenergy Task IX has been very productive in the last
three years and has risen to the challenge of focusing work and producing
information which will be of direct use to those commercial interests
wishing to deploy bioenergy technologies.
Stumbling blocks still remain for commercial exploitation. The main
problem lies in the fact that provision of feedstock with the correct quality
specifications for the conversion plants is still somewhat too high,
relative to the value of the final product being marketed.
Harvesting systems are being developed or modified to bring supply costs
down to acceptable levels. However, there are still great uncertainties
with respect to the quality considerations and the dry matter losses that
can occur during storage. Cost effective drying techniques need to be
developed particularly if large scale electricity plants using short rotation
coppice as the sole feedstock are to become a commercial reality.
As the potential for commercial deployment comes closer the environmental considerations become more important. There are and will be
great perceived risks associated with utilising biomass for energy, particu20

larly with respect to global carbon cycling and long term site productivity.
It is essential that researchers be allowed to keep ahead of the prejudice
and be allowed to develop scientifically rigorous guidelines for sustainable development and utilisation of woody biomass for energy.

Biomass Utilization (Task X)
The program of work under Biomass Utilization was designed to exchange information and coordinate national programs in those areas of
interest to the participating countries.
The overall objective of Biomass Utilization for the 1992 - 1994 timeframe
was to increase the use of wood and other biomass feedstocks by improving technologies for producing energy and chemicals. To meet this
objective, eight major research areas or Activities were addressed:
thermal processing of biomass including combustion, gasification, and
pyrolysis; biological conversion of biomass including biotechnology for
fermentation processes and anaerobic digestion of selected feedstocks;
processing of specialized biomass; and cross-cutting topics of interest
across several technical areas including environmental concerns and
interfacing or integrated fuel cycle analysis.
Progress in Biomass Utilization is summarized below.
Tltermal Processing of Biomass
Thermal conversion involves the application of elevated temperatures
and pressure to convert biomass to energy products. In the case of combustion, these energy products are heat and electric power generation.
Biomass gasification produces fuel or synthesis gas, and pyrolysis results
in biocrude oils or refined transportation fuels.
Biological Conversion of Biomass
Fuel ethanol production by the biological action of organisms and selected
enzymes is an area of major interest to those participating countries that
experience a shortfall in the production and supply of liquid transportation fuel. Cellulosic biomass is viewed as a cheaper feedstock than food
crops, the current feedstock for commercial ethanol technology. Feedstocks with different characteristics than woody biomass are used for
anaerobic digestion, resulting in fuel gas for heat generation or electric
power production.
Processing of Specialized Biomass
Straw and related agricultural wastes for energy purposes are of interest to
many countries in the IEA. For several reasons, these feedstocks are
difficult to process into energy products, thus further research is required.
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Cross-Cutting Topics
Two Activities were examined that address areas of common interest to
several conversion processes. Environmental systems focused on the
investigation and evaluation of methods that permit conversion technologies to meet environmental requirements. Production/harvesting
utilization interface provided a systems analysis of various integrated fuel
cycles for the identification of barriers that exist between processing steps
and to find methods to define more efficient energy systems.
Reports from Task X are listed in Appendix 1.
Achievements and Assessment
Progress for Biomass Utilization during the three year period, 1992 - 1994,
was significant in several technical areas as well as networking and
information exchange. A host of publications resulted from the collaborative research including proceedings from several major conferences and
workshops.
Information dissemination in the Task took on greater visibility with the
popularity of the World Wide Web. The National Renewable Energy
Laboratory in the U.S.A. set up a Web site for Biomass Utilization.
Included in information available at this site are IEA overviews, lists of
publications, descriptions of work programs, and a directory of key
participants. Additional documents are being added on a regular basis.
Industry involvement in Biomass Utilization continued to get increased
attention especially at the Activity level. Private sector participation can
be summarized as follows: chair and serve as moderator for portions of
Activity meetings, present technology development, demonstration, and
commercialization work; host site visits; help define network objectives
and work plans; supply standard, commercial enzymes; supply samples of
bio-oils, ashes, and waste straws; furnish cost and performance information. Even greater industry involvement will be encouraged in the
future.
Noteworthy in the thermochemical diversion area was the 1994 publication of Advances in Thermochemical biomass Conversion, (2 volumes).
These books provide an account of the state-of-the-art in the many aspects
of thermochemical biomass conversion and arise from the third conference in a series sponsored by the IEA Bioenergy Agreement.
In the biological conversion area, publication of Byconversion of Forest
and Agricultural Plant Residues in 1993 was a significant contribution to
the biomass literature. This volume joined other titles in a series addressing Biotechnology in Agriculture with the aim to review advances and
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current knowledge in key areas of biotechnology as applied to crop and
animal production, forestry and food science.
Several of the Activities addressed experimental work such as roundrobin testing of catalytic wood stoves, analysis of straw and straw ashes,
and testing of key biochemical steps of the fuel cthanol process. The
results of these efforts were well documented in various publications as
well as final reports.
The interface effort involved the development of a computer based
technoeconomic model for integrated bioenergy systems. The interrelated
spreadsheet model was examined for four cycles and was appropriate for
identifying key issues at the interfaces between production, harvesting,
and utilization where additional insight is needed. A diskette containing
the model and an operations manual, listing needed procedures and
assumptions involved, will be products of this joint effort.
Further cross-cutting studies involved technoeconomic assessments of
various power production technologies using appropriate simulation
software. The final report, published in 1995, provided technical descriptions of the process concepts, economic evaluations and information on
technical uncertainties for selected gasification and pyrolysis systems.
Environmental issues gained attention during 1992 - 1994 cutting across
several bioenergy technologies. An environmental audit protocol was
developed which identifies a wide variety of issues to be addressed when
considering conversion technologies. In addition, an extensive review of
volatiles from biomass was added to the literature.
Contact was maintained with other 1EA groups including the Alternative
Motor Fuels Agreement, the Fluidized Bed Combustion Agreement, and
the Centre for the Analysis and Dissemination of Demonstrated Energy
Technologies (CADDET).
In summary, Biomass Utilization continued with information exchange
and coordination of national programs, as in the past, but also greatly
expanded into modern information dissemination as well as private
sector participation in the research activities. This will become even
more significant in the coming years as efforts are accelerated to move
biomass technologies into the marketplace.

Tlte Conversion of Municipal Solid Waste Feedstocks to Energy
(Task XI)
Municipal solid waste (MSW) is the mixed garbage which is collected
from households and the light commerce and industry within our
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communities. It consists principally of paper, food waste and organic
residues and packaging. It can be noxious and unsightly, and its disposal
can be harmful to the environment. However, it can also be a source of
recyclable materials (paper, plastic, card, metal, glass, etc.) and a useful
source of renewable energy.
Governments are now encouraging the sustainable use of resources, both
domestically and as part of their international obligations. These encourage development of a waste management hierarchy which places greater
emphasis on waste prevention and on utilisation through materials and
energy recovery, and considers disposal to landfill the least favoured
option.
Within this general framework there are considerable opportunities for
exploiting the energy potential of MSW. Energy recovery is now recognised as an important consideration in integrated waste management
policies and decisions, not least where it can offer opportunities for
income to offset some of the rising costs of waste disposal.
IEA Bioenergy has promoted international co-operation on the exploitation of MSW as a renewable energy resource since 1989. Task XI started in
1992 as an expansion of the successful Activity on energy from MSW in
Task VII (1989-91). This expansion demonstrates the increased significance of energy from waste for many of the participating countries in the
Bioenergy Agreement.
The objectives of Task XI were to encourage information exchange
between research and development programmes and other new initiatives relating to energy recovery from MSW, and to use this information
to benefit research, development and deployment programmes on energy
recovery from MSW in participating countries.
The Task considered both biological and thermal methods of energy
recovery and was divided into six Activities, each with its own Activity
Leader and programme of work. These programmes focused on key
issues related directly to the needs of the participants:
•
•
•
•
•

Incineration of MSW and Refuse Derived Fuel (RDF)
Ash residues from combustion technologies
Landfill gas
MSW digestion
The impact of source separation, recycling and mechanical processing
on MSW conversion to energy
• Harmonisation of sampling and analytical protocols
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Eleven countries participated: Austria, Canada, Denmark, Finland,
France, Japan, Netherlands, Norway, Sweden, the United Kingdom and
the United States of America. This gave a broad spread of interests from
North America, European Union countries, Scandinavia and Japan. Not
all countries participated in all Activities, which reflects the different
priorities that different countries place on various waste disposal options.
Participants came from government, trade associations, industry and
research.
The work was carried out through meetings, workshops and study tours.
One of the major benefits of the Task has been the opportunity for
participants to make site visits to major facilities in the participating
countries. There have been technical descriptions, operator presentations,
and general discussions about both pilot/demonstration plant and
operational facilities throughout the three years of the Task. In addition,
presentations were made at conferences and specialist seminars to ensure
a wider audience for the work. For example, the work of the International Ash Working Group was publicised widely at key conferences in
Europe and North America; and the work of the Landfill Gas Activity is
regularly publicised at the Solid Waste Association of North America's
annual conference and at the European Landfill Symposium. Outputs
from the Task include reports, reviews, conference proceedings and other
publications. The principal outputs are presented in Appendix 1.
The Activity members also established links with other groups working
in areas associated with energy from waste, especially international
groups or organisations. Most Activities made formal or informal links
with the International Solid Waste Association (ISWA), which comprises
industry representatives from a number of countries. The Incineration
Activity formed links with IEA Fluidised Bed Combustion; the Anaerobic
Digestion Activity with the EC OPET biogas marketing group of DG XVII.
Links were also built with the IEA CADDET renewable energy information exchange programme, which provided a valuable method of disseminating information about new or innovative projects.
Issues and Actions
Much of the work in the Task focused on technical issues associated with
the development of energy from waste technologies. In many instances,
however, non-technical issues can be just as significant. Both were
considered in the Activities. The detailed findings are given in the
Activity reports. The following paragraphs present the generic issues and
reviews the actions taken by the Activities to address them.
Technical issues
Waste disposal by landfilling or incineration are established technologies.
However, increasing requirements to improve the environmental quality
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of landfills or incinerators continues to stimulate the development of
newer techniques, especially relating to pollution control measures.
Similarly, the increasing importance of energy recovery stimulates drives
to improve efficiency to maximise energy output. Much of the information exchange within the Activities focused on these areas, with both
surveys and studies being undertaken.
There is increasing interest in newer technologies for MSW treatment
and disposal, such as anaerobic digestion (AD) and fluidised bed combustion (FBC). For these technologies, where there are fewer established
plant and improvements in design and operation are still ongoing, it is
essential that information on plant successes and failures is disseminated.
Fluidised bed combustion offer opportunities to combust waste on a
smaller scale, to integrate better with recycling initiatives and, possibly, to
offer efficiency and pollution control advantages over conventional plant.
Japan leads the world in exploiting this technology. An activity meeting
and study tour was arranged in Japan to capitalise on this experience,
which led the Activity to produce an inventory and report on the status of
FBC world-wide. Such co-operation enables IEA participants to share in
the available expertise and to encourage its development in their own
countries.
In the case of AD, the number of new and proposed plants is increasing,
and, through study tours and industry meetings, the AD Activity enabled
participating countries to exchange information on technological developments. Both a detailed inventory and a brochure summarising the
technologies were produced as a result. The Activity also benefited from
close links with the Task X Activity on AD of biomass and agricultural
wastes, and most of the meetings and site visits occur jointly between the
two Activities.
The higher standards now demanded at MSW disposal facilities also
demand improvements to the methodologies for measuring both inputs
and outputs to the facilities. In particular, international legislation must
also be accompanied by internationally approved and replicable definitions and standards. Task XI has been a useful forum for the exchange of
information about methods of waste definitions, analysis and categorisation. This essential work continues in the successor Task, Task XIV,
Non-technical issues
Perhaps some of the most significant barriers to further uptake of energy
recovery from MSW are non-technical. In particular, the 1980s and 1990s
have seen rapid developments in both national and international legislation to improve standards of waste management and waste disposal.
They have also seen the rise of public awareness and opposition, frequently characterised by the NIMBY (Not In My Back Yard) syndrome.
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These developments directly affect both the opportunities and barriers to
energy recovery from MSW.
Each Activity addressed the major issues that prevent more widespread
uptake of their technology. Although different issues may hold different
importance in different countries, there are very many similarities
between countries that allow benefit in information exchange and crosscountry comparisons. Where appropriate, the Activities have therefore
developed case studies and information brochures in order to give a
balanced viewpoint and international perspective for all parties concerned.
Such an international response has been given to the European Commission on their draft directive on non-dangerous waste incineration. IEA
participants have expressed concern about the additional costs that
implementation of the directive would cause with little net environmental benefit. The Incineration Activity is continuing to monitor
developments with this directive in order to help the Commission shape
its final form.
A major factor driving developments in landfill gas exploitation is
concern over its potency as a greenhouse gas, Landfills make a significant
contribution towards the world's anthropogenic emissions of methane.
Controlling landfill gas emissions through flaring or use is therefore a
very effective way of reducing these emissions in the short-term. Many
countries, especially the US, the UK, the Netherlands and Sweden, have
made significant progress is installing gas use schemes. These not only
reduce uncontrolled methane releases to atmosphere, they also generate
power or heat and therefore are a direct substitute for fossil fuel generation. The landfill gas Activity has compiled a comprehensive database on
world-wide landfill gas utilisation schemes which provides useful
reference data for both energy and environmental issues relating to
world-wide emissions and use of landfill gas.
However, concern over leachate and landfill gas emissions is now such
that a number of countries, including Denmark and the Netherlands,
have banned or intend to ban the disposal of organic waste to landfill.
The need for organic waste disposal is now another factor driving the
uptake of incineration and developments in AD. The inventories, case
studies and Activity links with industry all help energy from waste meet
these market opportunities.
Current and future developments in energy from MSW

It is clear that any developments in energy recovery from MSW are
closely linked with developments in national and international developments in waste management. Therefore future work in the IEA must
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continue to be closely linked with these developments. International cooperation is essential to ensure that international strategies and policies
are applicable and achievable as well as being cost-effective.
Many countries are striving towards targets of waste minimisation and
recycling systems that are environmentally more acceptable. The waste
'hierarchy' encourages waste minimisation, recycling and materials
recovery, and tries to divert waste away from the more traditional routes
of landfilling or incineration without energy recovery. Energy recovery
from waste must also be considered in this hierarchy and it is essential
that the environmental and economic benefits of energy recovery from
waste are highlighted in any national or international waste policy
decisions.
IEA Bioenergy plays a valuable part in these discussions. The next three
years, 1995-97, sees a new Task on energy recovery from MSW. This new
Task is structured in a similar way to Task XI. Future work by the members of the Task will encourage IEA liioenergy to become more closely
involved with policy developments, with government and with industry.

3.

Progress in 1995 in Ongoing Tasks

Biomass Production, Harvesting and Supply (Task XII)
The objectives of the Task are: (i) To design and develop cost-effective
and environmentally-sound biomass production, harvesting and supply
systems for energy purposes; and (ii) To disseminate the results to the
participants of the Task including relevant users and industry. The Task
comprises the Operating Agent and secretariat, the Technical Advisory
Committee, and ten research and development Activities.
There are thirteen participants in the Task: Austria, Canada, Denmark,
Finland, France, Italy, Netherlands, New Zealand, Norway, Sweden,
United Kingdom, United States of America, and the European Commission. The 1995 budget for Task XII is CAN$871,440.
For further details on Task XII, please refer to the following Appendices:
Appendix 2 Operating Agent
Appendix 3.2 Budget
Appendix 4.1 Activities and Leaders
Appendix 5 Technical Advisory Committee
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Progress in R & D Work
Progress in Activity R & D is summarized as follows:
Forest Mattagement
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 workshop in Asker, Norway, September 4-6 on the
topic of Silviculture for Fuelwood. Eleven papers were presented and
will be published in the proceedings following peer review. Following
the meeting a field visit was made to birch and other broadleaf species
trials. A business and planning meeting concluded the workshop.
Because of the ecological implications of forest management, this Activity
interacts with the Environmental Issues Activity to foster collaboration
between the two groups.
Harvesting
The aim is to enable participating countries to develop cost-effective
means to harvest and deliver wood for fuel.
The Activity met in Glasgow, UK on October 9-13 as part of the 3rd
International Wood as Fuel Conference. Visits to logging sites in Scotland followed. The proceedings will be published by the Danish Forest
and Landscape Research Institute. A major portion of meeting keyed on
harvesting systems, and there was considerable industry participation. A
handbook on small-scale chippers is in preparation. A review has been
compiled on storage trials and has been published in the Activity newsletter. A decision support system is being adapted to handle information
from participants, and a data base of 142 companies has been compiled.
The Activity newsletter, with its first issue published this July, will be
issued twice yearly.
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 met in Portland, USA in conjunction with the Second
Biomass of the Americas Conference. One of the main topics of the
meeting was the ranking of non-technical barriers in participating countries, a major objective of this Activity. The Handbook on How to Grow
Short Rotation Forests is in revision and will be finished by end of 1995.
Good progress is being made on the updating of mechanization in the
computerized version of the Handbook.
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Pests

The aim is to develop effective pest management and to prevent pest
problems in short rotation monocultures.
The Activity met in Seattle USA jointly with the Stock Improvement
and Characterization Activity and in conjunction with the International
Poplar Workshop. The country reports presented at the meeting have
been published. The monitoring of willow rust/clone trials, initiated in
past Tasks, continues, and new protocols for data gathering from these
trials have been issued. These trials are now coppiced every second year
to obtain different age data. Poplar trials are being monitored for pest and
disease problems. Changes in epidemiology in these trials have been
observed, and it is speculated that this is due to the hot summer of 1995.
Rust collections have been made for genetic characterization of the
pathogens.
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 held a joint meeting in Seattle, USA on August 18 with the
Pests Activity and in conjunction with the International Poplar Workshop. Cold hardiness studies have been initiated in the USA, Canada and
Sweden on poplars and willows. Molecular characterization of clones
continues, A manuscript on the rational of using standard clone sets is in
preparation.
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.
An Activity meeting and field tour was held at Wieselburg, Austria.
Visits were made to biodiesel plants and a multinational plant breeder
with special interest in sunflower. The first issue of the Activity newsletter was published in May, followed by the second issue in October. The
Activity was heavily involved in a conference on Standardization and
Analysis of Biodiesel, November 6,1995, Vienna.
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.
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An Activity meeting was held at Tjele, Denmark on September 20-23, 1995
on the topic of Requirements for Power Production: How to Optimize
Quality by Agricultural Management. The proceedings will be published
in Biomass and Bioenergy and a report on energy crops in participating
countries will be forthcoming.
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 optimal internal handling systems which aid the
development of cost-effective systems in participating countries.
The Activity meeting in Portland, USA on August 16-18 was held in
conjunction with the Second Biomass Conference of the Americas. The
topic of the meeting was Feedstock Quality Issues Related to Supply,
Preparation and Conversion, with several papers presented by participants from mdustvy. Also discussed were methods to determine quality
parameters. The proceedings of the meeting will be published either by
the National Renewable Energy Laboratory or by the Swedish University
of Agricultural Sciences. A study tour was conducted on handling
systems for a variety of biomass fuels.
Environmental Issues
The aim is to evaluate environmental consequences of intensive biomass
systems and develop guidelines to ensure the environmental soundness
of such systems.
The Activity held a workshop on Environmental Guidelines for Development of Sustainable Energy Output from Biomass. The workshop
started in Timmins, Canada, then had a field trip to Mackinac Island, USA
where the workshop continued. The proceedings will be published in the
New Zealand Journal of Forest Science. Existing guidelines (e.g., best
management practices, certification schemes) were reviewed. A review of
issues concerning the environmental sustainability of short rotation
forestry has been initiated. A review was initiated on existing guidelines
for sustainable biosolid utilization. A template for sustainable forest
bioenergy production systems has been developed.
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.
Activity members participated in the meeting of the Production Systems
Activity on August 25,1995 in Portland, USA to discuss the topic of nontechnical barriers, which is of common interest. The Activity was repre31

sented at the September 21-23, 1995 Task XIII Integrated Biomass Systems
Activity meeting in Graz, Austria. A study has been initiated on nontechnical barriers encountered by Swedish district heating plants.
Several publications from Task XII Activities are in preparation and will
be published in 1996.

Biomass Utilization (Task XIII)
Moving Bioenergy into the Mainstream
The objective of Biomass Utilization is to increase the use of wood and
other biomass feedstocks by improving technologies for producing energy
and chemicals. Many exciting developments are underway in Biomass
Utilization to help meet this objective. Research efforts are focusing on
power and heat generation from biomass, liquid fuels and related products, and cross-cutting specialized projects.
During 1995/ fourteen participants including Austria, Belgium, Canada,
Denmark, Finland, Italy, Netherlands, New Zealand, Norway, Sweden,
Switzerland, United Kingdom, United States, and the European Commission were involved in Biomass Utilization. A budget of $459,195 U.S. was
available for the 1995 effort.
For further details on Task XIII, please refer to the following Appendices:
Appendix 1 List of Reports
Appendix 2 Operating Agent
Appendix 3.3 Budget
Appendix 4.2 Activities and Leaders
Appendix 5 Technical Advisory Committee
Diversified Programs for Meeting the Goals
The work programs for all Biomass Utilization activities were completed
in 1995 covering the coming year and the triennium 1995 - 1997. In
addition, all Activities held working group meetings in 1995, some in
conjunction with bioenergy conferences and workshops and others
jointly with related Activities to promote integration and information
exchange. Progress in the first year of the research program was good,
focusing mainly on developing the work plans, meeting with working
group members, and establishing assignments to meet the specific needs
of all participants.
Of special significance in 1995 was a joint meeting of Biomass Combustion, Thermal Gasification, and Technoeconomic Analysis Activities in
Austria, in May to address collaborative efforts on small-scale cogenera32

tion from biomass. This meeting was attended by approximately 30
participants with strong representation from the private sector. Several
areas were identified for collaboration including Sterling engines coupled
to existing combined heat and power plants as well as hot air turbine
applications.
In the biological conversion area, a biotechnology network meeting was
held in conjunction with the 6th International Congress for Biotechnology in the Pulp and Paper Industry, Vienna, Austria, June 1995. The
workshop was attended by about 35 participants and all member countries
were represented. The biotechnology work plan was presented, discussed,
and approved by all participants.
The fourth international conference for the Developments in Thermochemical Biomass Conversion, cosponsored by the IEA Bioenergy Agreement, continued to receiva considerable attention as the final program is
being prepared. This Conference, now recognized as one of the premier
forums specifically dedicated to thermochemical conversion of biomass,
will be held in Banff, Canada, May 20-24,1996. It will reflect advances
made in the last four years, focusing particularly on opportunities and
problems of implementing research at larger scales of operation as well as
reviewing developments in fundamental and applied research. Topics
will include all scientific, technological, environmental, economic and
commercial aspects of thermochemical biomass conversion. This Conference is a special effort in Biomass Utilization, not related to a specific
Activity, but cross-cutting in scope.
Each activity of Biomass Utilization is addressed in the following with
emphasis on the first year's progress.
Biomass Combustion
This Activity has seven projects ongoing in the current triennium, three
of them dealing with fundamental studies and four are more applied in
nature. The work plan in the fundamental area includes: 1) characterization of biofuels. Expands the current database but focuses more on
combustion characterization of different biofuels; 2) detailed combustion
studies of zuood and ivood derived fuels. Involves combustion studies of

wood logs, pyrolysis oils, and low heating value gases; 3) ash deposition
and corrosion during biomass combustion. Designed to develop predictive tools, perform extensive combustion testing, contribute to engineering estimations of the rates and mechanisms of corrosion, and characterization of the inorganic constituents in raw biomass fuels. The four
applied studies are addressing: 1) furnace design and combustion control
to reduce emissions and avoid ash slagging. Various parameters are being
examined for their influence on emissions, ash slagging, and ash deposition to aid in furnace design and operation; 2) co-combustion of biomass
zvith other feedstocks. Involves the economic and technical aspects of co33

firing biomass with coal or other fuels in existing systems; 3) test procedures and standards for wood stoves. Evaluates the effect of various test
standards/procedures on the measured and reported emissions; 4) smallscale cogeneration systems. Continues survey of existing technologies for
small CHP plants based on combustion of wood and analyzes the impact
and changed conditions for the combustion process caused by the use of
different cogeneration concepts. A joint project is underway with the
Biomass Gasification and Technoeconomic Analysis groups addressing
small-scale cogeneration.
Biomass Combustion held its second working group meeting of the year
immediately following a symposium focusing on Co-Combustion of
Biofuels with Other Fuels, November 1995, The Netherlands. This
symposium was arranged by the Biomass Combustion Activity and others
and attracted 90 participants from Europe and the USA.
Thermal Gasification
This Activity focuses on exchanging information on the latest developments in biomass gasification technology and related systems, and to
publish selected topical reports. For the current triennium, several topics
are under study; 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) ash chemistry, 7) cocombustion, 8), systems integration and technoeconomic analysis as
policy tool, 9) tar formation and destruction, and 10) energy conversion
devices.
The most recent Activity meeting was held in Glasgow, U.K., October
1995, in conjunction with the Third International Wood as Fuel Conference. Energy conversion devices was the main focus of the meeting with
several invited speakers representing the gasification industry. Private
sector involvement continues to play a major role in the gasification
effort.
The gasification group is organizing sessions on the topic of tar formation
and destruction at the Development in Thermochemical Conversion
Meeting, May 1996, at Banff, Canada. The papers presented and the
ensuing discussions at this meeting will be published as a topical report.
Pyrolysis for Liquid Products
Work is underway in this research area to examine recent advances and
the state-of-the-art of flash pyrolysis technologies, product upgrading by
catalysts and other methods, new reactor systems, innovative and orthodox applications of pyrolysis oils such as turbines and engines, and
selective production of speciality and bulk chemicals. Specific areas were
identified, coordinators and contributors assigned, and a work program
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outlined. Included are: 1) Product characterization and analysis, product
quality, specification, contaminants and their measurement, stability and
stabilization, and effect of fuel on product; 2) Environment, emissions,
health and safety issues, wastes; 3) Upgrading by chemical and pliysical
methods to improve stability and usability; 4) Mechanisms and science of

the pyrolysis process. In addition to these tasks supplementary projects
are underway including country reports addressing ongoing pyrolysis
work in the participating countries and pyrolysis database update.
The Pyrolysis Activity is interacting with the Pyrolysis Network for
Europe (PyNE) to share information and improve interactions and
collaboration. A total of 25 people attended an overlapping meeting of
the two groups in Spain, November 1995. The Pyrolysis group will be
contributing to the PyNE Newsletter.
Biotechnology for Cotwersion of Lignocellulosics
This effort coordinates ongoing national programs on biotechnology
which lead to improved fermentation processes for the conversion of
biomass to ethanol and other high-value products. The main focus in
1995 was to perform technoeconomic analysps of an ethanol process
applicable to a wide range of substrates and processing conditions with the
objective to identify where cost reductions are most significant. This
technoeconomic modeling resulted in good interaction among the
network participants with circulation and review of model assumptions
fostering this collaboration. The flowsheet depicts a "generic" biomass-toethanol process. Various process options are currently under study for
hardwood and softwood feedstocks. The progress and status of the
ethanol from biomass modeling effort was presented at the Second
Conference of the Americas, August 1995 in the U.S.A. A workshop for
modeling effort in the Bioenergy Agreement is being organized for May
1996.
Final arrangements have been made for IE A/American Chemical Society
Symposium entitled "Pretreatment and Hydrolysis of Lignocellulosics" in
Hawaii, December 1995. This meeting of the biotechnology network has
an excellent technical program scheduled with a full oral and poster
session.
The final proofs of the IEA/American Chemical Society book entitled
"Enzymatic Hydrolysis of Insoluble Carbohydrates" have been received.
This book was developed from a symposium sponsored by the Division of
Agricultural and Food Chemistry at the National Meeting of the American Chemical Society, San Diego, California, U.S.A., March 1994.
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Technoecotiomic Analysis
This effort strives to perform detailed technoeconomic analyses of
advanced biomass power systems at specific sites in the participating
countries with the aim of matching a site with an appropriate technology.
This approach allows identification of benefits and challenges for the
selected biomass technologies. Each study will have three common
elements: site specific data, technical data, and economic data. To date,
sites and technologies were identified for three of the participating
countries. The technologies include pyrolysis oil production at a forest
industry location with the oil serving as a boiler fuel, bio-fuel oil production integrated to a co-generation boiler with the fuel oil employed as a
diesel engine power plant fuel, and power production from pulping and
forest residues at about 60 Mwe capacity. Small scale power systems in the
100 - 500 kWe range are also under study with a Stirling engine and hotair turbine connected to an existing district heat boiler completing the
concept. For some of the fuel cycles being analyzed, material and energy
balances have been determined, site data collected and draft reports are
underway. Additional fuel cycles will be examined in 1996.
In addition to the national case studies, an economic analysis procedure is
under development to allow for a standardized method of evaluation and
a uniform basis of comparison. This effort was initiated in April 1995 and
should be completed in May 1996.
Integrated Bioenergy Systems
In order to achieve the objectives of this effort, various researchers are
working jointly to improve a computer-based technoeconomic model for
integrated bioenergy systems. This group is off to an excellent start in the
first year with significant progress in the extension/development of the
Bioenergy Assessment Model (BEAM) that resulted from previous work
in the Bioenergy Agreement. The BEAM is being expanded to include
other feedstocks, technologies and products. For other feedstocks, short
rotation coppice is being modified to improve applicability to North
America, agricultural crops including switchgrass is being added, and a
wood processing residues model was added in 1995. Regarding examination of environmental impacts, a comparison of existing models is
underway. Further effort in this area involves coordination of work
programs between the integrated bioenergy systems group and the
greenhouse gas group for topics of mutual interest and utility. With
regard to solids (ash), a review is underway to establish what the options
are for incorporating solid waste data into the BEAM and for improving
our understanding of the influence of ash characteristics on ash utilization options.
Two conference papers on the scope, objectives and status of the BEAM
were presented to international audiences during the first year.
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Energy Recovery from Municipal Solid Waste (Task XIV)
Energy recovery from municipal solid waste (MSW) forms an important
part of waste management in many countries. Since 1989, IEA Bioenergy
has promoted its development through programmes of information
exchange between the national research and development programmes of
participating countries. As discussed in Section B.2, eleven countries
have participated to date.
Task XIV builds on this previous work. However, Governments are
taking an increasingly strategic approach to waste management in line
with national and international objectives towards sustainable development, This is reflected in the creation of a new Activity on integrated
MSW management and by seeking greater industrial participation in the
Task.
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 Task is structured into four Activity areas: Thermal conversion 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 collaborative projects, meetings, workshops and
study tours. Industry is being encouraged to participate with research
projects and conferences, and to contribute to Activity meetings. The
Task also aims to widen and improve its links with policy makers,
regulators and researchers in waste management. Outputs from the Task
will include reports, reviews, computer programmes, IEA pages on the
World Wide Web and other publications.
The overall budget for 1995 was £225,000 (British Pounds). Ten countries
contributed: Canada, Denmark, Finland, Japan, Netherlands, Norway,
Sweden, Switzerland, the United Kingdom and 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
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Appendix 4.3 Activities and Leaders
Appendix 5 Technical Advisory Committee
Progress in R&D
Thermal conversion of MSW and refuse derived fuel
This Activity has established a programme of work which builds on the
progress made during the previous Task. Nineteen topics have been
identified as having potential to benefit from international collaboration
and exchange of information. These cover both technical and nontechnical issues. The Activity also continues the work of the International
Ash Working Group as a specialist area. Of particular note have been the
development of proposals for collaborative monitoring of new fluidised
bed combustion (FBC) plants at Fayetteville (USA) and Madrid (Spain),
Also, good progress is being made in developing a computer-based
operators' training syotem for MSW combustion plant.
Two meetings were held in 1995. The first was in conjunction with the
March end of Task XI meeting in Oslo (Norway). This established the
programme of work for Task XIV and received presentations on the
major outputs from Task XI, including the FBC report and the IEA
brochure on waste combustion. Both publications have since received
wide circulation. The second meeting was in September in London (UK).
This was held in conjunction with a site visit to the SELCHP incinerator.
This is the first mass burn incinerator to be built in the UK in some 20
years. Presentations were given to the meeting of two software models
being developed as projects within the Activity: the TNO FACE cost and
performance model for mass burn plant, and the operators' training
model. Both will continue to be refined as additional data is brought in
through the Activity. The next meeting is planned at Fayetteville, and
will mark the start of the monitoring of this project.
Landfill gas
Despite techniques for landfill gas utilisation being well established, with
over 400 schemes world-wide, many technical and non-technical barriers
remain which inhibit further exploitation. The objective of this Activity,
both under this Task and previously under Task XI, is to help reduce
these barriers by promoting information exchange and co-operation
between national programmes. The Activity has also 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).
Key areas addressed during 1995 were information exchange about
progress with research and development work on large-scale field experiments (e.g. test cells); continued development of a database on worldwide landfill gas schemes; methods to improve estimation of landfill gas
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potential; and non-technical issues that influence the successful exploitation of the resource.
Two meetings were held. The first was in association with the SWANA
Landfill gas symposium in New Orleans (USA) in March- Four IEA
papers arising from Task XI were presented and have been distributed
with the symposium proceedings. The second meeting was held in
association with the fifth European landfill gas symposium in Sardinia
(Italy) in October. This meeting attracted some 20 participants from eight
countries, and therefore provided a broad review of current developments in landfill gas utilisation.
Anaerobic digestion of MSW
The principal objectives of the Activity are to accelerate exchange of
information and practical experience of AD technology, and where
relevant, assist and encourage national demonstration and deployment
programmes. Its programme of work continues from the successful
Activity under Task XI but has been extended to include the co-digestion
of industrial wastes, such as food processing and abattoir wastes.
Progress in 1995 has focused on updating the international inventory and
review of MSW AD produced under Task XI, and on cementing contact
with industry groups and organisations. Most recently the latter involved
organising a special session of seven papers on diverse aspects of AD at
the Second Biomass Conference of the Americas at Portland (USA) on 20
August 1995. This session was attended by some 50 participants from both
IEA member and non-member countries. Conference proceedings have
been published and further dissemination is being organised through a
CADDET article.
Two other meetings were held. The first was in January in Kollekolle
(Denmark) in conjunction with the International Meeting on Anaerobic
Processes for Bioenergy and the Environment. This meeting also served
as the final meeting of the Task X and Task XI AD Activities. The second
meeting was held in conjunction with the Biowaste '95 conference at
Aalborg (Denmark) in May. These developed the programme of work and
initiated the update of the international inventory, which will be published in 1996. Further dissemination projects planned by the Activity
include publishing in-depth studies of operating plant and a review of the
products from AD. A World Wide Web page on AD is also proposed.
Impact of integrated MSW management on energy recovery
Most developed countries have promulgated an hierarchical approach to
meet national and international objectives on sustainable waste management. However, there are advantages to taking a more integrated
approach, especially when adapting to local circumstances, where energy
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recovery is often complementary to materials recovery as part of effective
waste management.
There is a paucity of reliable information to assist integrated planning,
and it is often unclear what technical, environmental, economic and
societal factors should be considered in specific instances. The overall
objective of this new Activity is therefore to determine the information
required to better understand integrated waste management (IWM) and
how proper application of IWM provides the flexibility in selecting,
designing and implementing waste management systems best suited for a
given region or community. This will provide the basis to promote the
concept of IWM as a flexible approach to optimising MSW management
based on the evaluation of site specific influencing factors.
The principal tasks of the Activity are to formalise a definition of IWM, to
identify factors which influence the success of IWM strategies and to
identify the benefits and limitations associated with these factors. This
will enable identification of a framework which outlines the advantages/disadvantages and limitations of individual options within the
waste management hierarchy and their interaction with energy recovery.
The Activity has identified nine specific areas of work. These were
discussed and refined at the first Activity meeting at Culham (UK) in
March. A discussion document reviewing the issues was produced. This
formed the basis of an international Workshop held in Edinburgh (UK)
in September. This attracted 38 participants from ten countries, the
Intentional Solid Waste Association, the Solid Waste Association of
North America, and the World Resource Foundation. The Workshop
developed baseline information on waste definition within participating
countries, and identified general factors influencing uptake of technology
options within an integrated approach. The Workshop proceedings are
being prepared for publication in 1996. A further series of Workshops and
smaller meetings are planned during 1996 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 shall be 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.
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Participating countries are Austria, Canada, Finland, Sweden and the
United States. The budget for Task XV in 1995 amounted to 412.500
Austrian Schillings (about 40.000 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
Work programme
The work programme for Task XV was drafted at a meeting on 6-7
February 1995 in Graz, in which representatives from countries interested
in the new Task participated. A final approval of Task XV was made at the
Executive Committee meeting in Espoo/Finland (ExCo 35) and the official
start was on 1 April 1995. The work programme was subject to further
refinement by the National Teams and then approved at ExCo 36 in
Paris ^France.
Workshops
The first workshop within Task XV took place on September 20-22 in
Graz/Austria, with participants from seven countries. The first day was
devoted to scientific presentations by researchers from the participating
countries and presentations by invited guests. Topics addressed were, for
example:
• Carbon balance of forestry and wood industry, with special emphasis on
bioenergy;
• Carbon sequestration versus fossil fuel substitution;
• Afforestation scenarios in conjunction with enhanced bioenergy use;
• Radiative forcing due to bioenergy fuel chains;
• Greenhouse gas emissions from auxiliary energy input for biomass
production, transport and conversion;
• Fossil fuel chains as reference cases for bioenergy chains.
On this basis the elaboration of a common analytical framework for
greenhouse gas balances was initiated on the second day of the workshop
(see below). The proceedings of the workshop in Graz will be available
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and distributed by the end of 1995. A follow-up workshop will take place
in May or June of 1996.
Common analytical frameivork
The agreed methodology includes 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. The minutes of the workshop discussion will serve as a
basis for a joint paper on an "Analytical Frarnework for Greenhouse Gas
Balances of Bioenergy Systems", that includes the views and opinions of
researchers in the participating countries. Review by other experts will
help to assure that the analytical framework is broadly accepted. The joint
paper will be finalised in 1996 and submitted for publication to a peerreviewed international journal.
The bioenergy fuel cycle is subdivided into three major areas:
• biomass production;
• biomass transportation and storage;
• biomass conversion.
The analytical framework considers changes of carbon storage on the site
in vegetation, plant litter and soil; non C02-emissions from the biosphere,
greenhouse gas emissions from auxiliary fossil fuels, conversion efficiencies, and emission credits for by-products. 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 it would replace (e.g. type of energy carrier used, efficiency of energy
conversion ...). It will also include the fossil fuel and GHG emission
offsets associated with the substitution of by-products or co-products of
bio-energy systems for other products having GHG implications, e.g.
wood products replacing plastic or metal products.
Other supporting activities
A bibliography of existing publications, unpublished reports, databases
and other written or electronically available information has been
prepared and distributed among the participants. It will be updated on a
regular basis. A data storage (ftp site) for exchange of information has been
installed.
Contacts have been established with a number of organisations and
networks, such as IEA Greenhouse Gas R&D Programme, IEA Alternative
Motor Fuels and IPCC/OECD Expert Group for GHG Emissions from Land
Use Change, Forestry and Biomass Burning.
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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 Jioenergy 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 Kingsfisher 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 VIII
Only the proceedings from meetings have been listed. For individual
papers, please refer to the proceedings.
Aravanopoulos, F.A. and Zsuffa, L.
Growth and allometry relations in Salix species and families, having
different tree form and being under different mating designs.
Forestry Chronicle 69: 717-720. 1993
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Aronsson, P. and Ferttu, K. (Eds.)
Willow vegetation filters for municipal wastewaters and sludges.
A biological purification system. Proceedings of a study tour, conference
and workshop in Sweden, 5-10 June, 1994.
Swedish University of Agricultural Sciences, Uppsala, Section of Short
Rotation Forestry, Report No. 50. 240pp. 1994.
Available from Department of Ecology and Environmental Research,
Swedish University of Agricultural Sciences, P.O. Box 7072, S-75007
Uppsala, Sweden
Caserta, G. (Ed.)
Vegetable oils as transport fuels. Proceedings of an IEA/BA seminar. May
14-15,1993. Pisa, Italy. 196pp. 1993.
Available from FARE, ENEA, S.P. Anguillarese 301,1-00100 Rome, Italy.
Caserta, G., Bartolelli, V. and Mutinamati, G.
Microeconomic analysis of herbaceous energy crops. A case study in Italy.
IEA/BA Task VIII. 46pp plus enclosures and appendix.
Available from FARE, ENEA, S.P. Anguillarese 301, 1-00100 Rome, Italy.
Dawson, W.M and McCracken, A.R. (Eds.)
Proceedings International Energy Agency Task VIII workshop, 15-19
September, 1992, Enniskillen, Northern Ireland. 69pp. 1992.
Available from N.I. Horticultural and Plant Breeding Station, Loughall,
Armagh, Northern Ireland.
DeBell, D.S. and Harrington, C.A.
Deploying genotypes in short rotation plantations: Mixtures and pure
cultures of clones and species.
Forestry Chronicle 69: 705-713. 1993.
Dietrichson, J. (Ed.)
Genetic improvement of trees and shrubs, pest/disease control, exchange,
evaluation and joint testing for energy purposes.
Nor. J. Ag. Sci. Supplement 18. 117pp. 1994,
Gullberg, U.
Towards making willow pilot species for coppicing production.
Forestry Chronicle 69: 721-726. 1993
Gustafsson, L. (Ed.)
Environmental aspects of energy forest cultivation (Proceedings of an
IEA/BA Workshop, Uppsala, 25-26 March, 1993).
Biomass and Bioenergy 6. 158pp. 1994.
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Hall, R.B., Hanna, R.D. and Nyong'o, R.N. (Eds.)
Joint proceedings International Energy Agency joint meeting of the Task
V activity groups on Exchange of Genetic Material, Pest/Disease
Management, and Joint Trials of Abuts, Populus and Snlix, August 22-27,
1991, Ames, Iowa and a workshop of the Task II activity group on
Evaluation of Alnus Species and Hybrids, August 8-10,1988, Vancouver,
British Columbia. 132pp. 1993.
Available from Forestry Department, Iowa State University, Ames, Iowa
50011, U.S.A.
Hendrickson, O.Q. and Richardson, J.
Nested forest nutrient cycles: Implications for plantation management.
Forestry Chronicle 69: 694-698. 1993.
Johansson, T. (Ed.)
Forest energy production from conventional forestry systems on a small
scale. September 16-19,1992. IEA/BA Activity Bl, Forest Energy
Production. Proceedings of 1992 IEA/BA workshop. 35pp.
Available from Department of Forest Yield Research, Swedish University
of Agricultural Sciences, S-77073 Garpenberg, Sweden.
Kenney, A., Gambles, R. and Zsuffa, L.
Prototype energy plantations in Ontario.
Forestry Chronicle 69: 714-716. 1993.
Lin, D v Hubbes, M. and Zsuffa, L.
Differentiation of poplar and willow clones using RAPD fingerprints.
Tree Physiology 14: 1097-1105. 1994.
Mahendrappa, M.K., Simpson, CM. and Smith, C.T. (Eds.)
Assessing the effects of silvicultural practices on sustained productivity: a
proceedings of the IEA/BA Workshop '93, May 16-22, Fredericton, NB,
Canada. Nat. Res. Can., Can. For. Serv. - Maritimes Region.
Information Report M-X-191.
Available from Natural Resources Canada, Canadian Forest Service,
Maritime Region, P.O. Box 4000, Fredericton, NB, E3B 5P7, Canada. 1994.
Morsing, M.
Use of sludges in forestry and agriculture. A comparison of the legislation
in different countries Forskningsserien Nr. 5. 66pp. 1994.
Available from Danish Forest and Landscape Research Institute,
Skovbrynet 16, DK-2800 Lyngby, Denmark.
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Perttu, K.
Energy Forestry and Nature Preservation: Guidelines.
Swedish University of Agricultural Sciences Publication. 14pp. 1995.
Available from Department of Ecology and Environmental Research,
Swedish University of Agricultural Sciences, P.O. Box 7072, S-75007
Uppsala, Sweden
Richardson, J, (Ed.)
Silviculture in tune with nature and wood energy production.
Proceedings of a workshop held in Switzerland, Apr. 24-28,1994.
International Energy Agency/Bioenergy Agreement, Task VIII Forest
Energy Production Activity. Natural Resources Canada, Canadian Forest
Service Report. 54pp. 1994.
Available from Natural Resources Canada, Canadian Forest Service, 351
St. Joseph Boulevard, Hull, Quebec, K1A 1G5, Canada
Riva, G.
Vegetable oil fuels. IEA/BA Task VIII Information Report 1993:1. 38pp.
Available from FARE, ENEA, S.P. Anguillarese 301,1-00100 Rome, Italy.
Steenackers, J., Van Acker, J., Stevens, M. and Steenackers, V.
Stem form, volume production and dry matter production in a twelveyear-old circular Nelder design plantation of Papulus trichocarpa x
deltoides "Beaupre".
Forestry Chronicle 69: 730-735. 1993.
Vanstone, BJ. (Ed)
Renewable energy in agriculture and forestry. IEA/BA Task VIII
publication. 295pp. 1995.
Available from Faculty of Forestry, University of Toronto, 33 Willcocks
Street, Toronto, Ontario M5S 3B3, Canada
Weisgerber, H.
Poplar breeding for the purpose of biomass production in short rotation
periods in Germany: Problems and first findings.
Forestry Chronicle 69: 727-729. 1993.
Willebrandt, E. and Verwijst, T.
Population dynamics of willow coppice systems and its application for
management of short rotation forests.
Forestry Chronicle 69: 699-704. 1993.
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Reports from Task IX
Mattsson, ] E and Mitchell, C P (Editors)
Environmental issues in supply of biomass for energy from conventional
forestry. Proc. of Task vorkihop held in Fredericton, Canada, May 1993.
Research Notes 252. Swedish University of Agricultural Sciences,
Department of Operational Efficiency, Garpenberg, Sweden. 1993.
Mattsson, J E, Mitchell, C P and Tordmar K (Editors)
Preparation and supply of high quality woodfuels. Proceedings of Task
workshop held in Garpenberg, Sweden, June 1994.
Research Notes 278. Swedish University of Agricultural Sciences,
Department of Operational Efficiency, Garpenberg, Sweden. 1995
Activity 1
Culshaw, D (compiler)
Status of short rotation forestry mechanisation world-wide. Workshop
and study tour Sweden, March 2 - 4,1993. IEA Report, 1993.
Available from ETSU, Harwell, Oxfordshire, OX11 ORA, UK.
Mechanical and directed chemical weed control /or short rotation coppice.
IEA Report. Available from ETSU, Harwell, Oxfordshire, OX11 ORA, UK.
Stokes, B J and McDonald, T P (Editors)
Short rotation intensive culture forestry. Workshop and study tour
Mobile, Alabama, USA 1 - 3 March, 1994. IEA Report, 1994.
Available from ETSU, Harwell, Oxfordshire, 0X11 ORA, UK.
Activity 2
Hudson, J. B. (Editor)
Proceedings of IEA/BA Task IX Integrated harvesting systems workshop,
Eastern Finland. 1992. Aberdeen University Forestry Research Paper
1992:4. 65p.
Available from Forestry Dept., Aberdeen Univ., Aberdeen AB24 5UA, UK.
Hudson, J B; Gingras, J-F & Twaddle, A (Editors)
Proceedings of IEA/BA Task IX Integrated harvesting systems workshop,
New Brunswick, Canada. 1993. Aberdeen University Forestry Research
Paper 1994:1.
Available from Forestry Dept., Aberdeen Univ., Aberdeen AB24 5UA, UK.
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Activity 3
Hudson, J B; Gingras, J-F & Twaddle, A (Editors)
Proceedings of IEA/BA Task IX Integrated harvesting systems workshop,
New Brunswick, Canada. 1993. Aberdeen University Forestry Research
Paper 1994:1.
Available from Forestry Dept., Aberdeen Univ., Aberdeen AB24 5UA, UK.
Activity 4
Ruark, G A and Proe, M F1992 (eds)
Summary Report - Fine root turnover workshop. IEA/BE Task IX Activity
4 Report No 1. lOp. 1992.
Available from Forest Research Inst, Private Bag, Rotorua, New Zealand.
Lundkvist, H (Editor)
Ameliorative practices for restoring and maintaining long-term
productivity of forests. IEA/BA T9/A4 Workshop 1992.
Journal of Forest Ecology and Management, 1993.
Available from Forest Research Inst., Private Bag, Rotorua, New Zealand.
Dyck, W J, Cole, D W and Comerford, N B (Editors)
Impacts of forest harvesting on long-term site productivity.
Chapman and Hall, London. 1994.
Dyck, WJ (Editor)
Feature Section New Zealand Journal of Forestry Science (seven papers
on carbon cycling in forest soils). 1994.
Available from Forest Research Inst., Private Bag, Rotorua, New Zealand.
Activity 5
Jirjis, R (Editor)
Storage and drying of woody biomass. Workshop held in Uppsala,
Sweden, 25 - 27 August, 1992.
Department of Forest Products, Swedish University of Agricultural
Sciences, Uppsala. Report No 239. 1993.
Available from R Jirjis, Swedish University of Agricultural Sciences, Dept
of Forest Products, Box 7008, S-750 07 Uppsala, Sweden.
Jirjis, R (Editor)
Storage and Drying. Proceedings of Workshop held in New Brunswick,
Canada, May 19 1993. Report No 241.1993. Department of Forest Products,
Swedish University of Agricultural Sciences, Uppsala, Sweden.
Available from R Jirjis, Swedish University of Agricultural Sciences, Dept
of Forest Products, Box 7008, S-750 07 Uppsala, Sweden.
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Activity 6
Hudson, J B; Gingras, J-F and Twaddle, A (Editors)
Proceedings of IEA/BA Task IX Integrated harvesting systems workshop,
New Brunswick, Canada. 1993. Aberdeen University Forestry Research
Paper 1994:1.
Available from Forestry Dept, Aberdeen Univ,, Aberdeen AB24 5UA, UK.
Stokes, B J and McDonald T P
A review of transport and handling systems - improvements for energy
wood. IEA/BA T9/A6, Report No 1. Mississippi State University/New
Zealand Forest Research Institute. 1994. Available from A Twaddle,
Mississippi State University, Department of Forestry,
P O Drawer FR Mississippi State, Mississippi 39762, USA.
Hankin, C and Mitchell, C P
Wood biomass transportation systems. IEA/BA T9/A6, Report No 2. 1994.
Mississippi State University/New Zealand Forest Research Institute.
Available from A Twaddle, Mississippi State University, Department of
Forestry, P O Drawer FR Mississippi State, Mississippi 39762, USA.
Bronson, L F
Transportation and handling of wood for fuel from the forest to the
utilization facility. IEA/BA T9/A6, Report No 3. Mississippi State
University/New Zealand Forest Research Institute. 1994.
Available from A Twaddle, Mississippi State University, Department of
Forestry, P O Drawer FR Mississippi State, Mississippi 39762, USA.
Belli, M L
Principals of fixed site comminution of bark and wood wastes at pulp mill
and satellite woodyards in North America. IEA/BA T9/A6, Report No 4.
Mississippi State University/New Zealand Forest Research Institute. 1994.
Available from A Twaddle, Mississippi State University, Department of
Forestry, P O Drawer FR Mississippi State, Mississippi 39762, USA.

Reports from Task X
General
Bridgwater, A.V. (Ed.)
Advances in Thermochemical Biomass Conversion (2 volumes).
Blackie Academic and Professional, 1994.
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Biomass Combustion Activity
(The following publications/reports for Biomass Combustion are
available from O.K. Senju, Norwegian Institute of Technology, Division
of Thermal Energy, N-7034 Trondheim, Norway)
Hustad, J.E. and Sonju, O.K.
Minutes of the IEA Bioenergy Task X Biomass Combustion Activity
Meeting. Interlaken, Switzerland, May 12, 1992.
Hustad, J.E. and Sonju, O.K.
Minutes of the IEA Bioenergy Task X Biomass Combustion Activity
Meeting. Livermore, California, USA, December 18-20, 1992.
Sonju, O.K.
Minutes of IEA Bioenergy Task X Biomass Combustion Activity Meeting.
Vienna, Austria, May 27,1993.
Sonju, O.K.
Minutes of IEA Bioenergy Task X Biomass Combustion Activity Meeting.
Borås, Sweden, November 10,1993.
Jacobsen, H.H. and Houmöller, S.
Technologies for Small Wood Co-Generation Systems, November 1993.
Sonju, O.K.
Minutes of IEA Bioenergy Task X Biomass Combustion Activity Meeting,
Jyväskylä, Finland, May 26,1994.
Sonju, O.K.
Minutes of IEA Bioenergy Task X Biomass Combustion Activity Meeting,
Cambridge, United Kingdom, November 30,1994.
Karlsvik, E.
Round Robin Test of a Wood Stove. November 1994.
Nussbaumer, T.
Emission from Biomass Combustion. November 1994.
Robert, J.
A Pilot Project Cofiring Biomass with Oil to Reduce SO2 Emissions.
November 1994.
Sulilatu, F.
Energy from Contaminated Wood Waste Combustion. November 1994.
Hustad, J.E. and Gronli, M.
Modelling of Biomass Combustion. November 1994.
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Robert, J.
Combustion of Wet Biomnss Feedstocks, Ash Reinjection and Carbon
Burnout. November 1994.
Dumbleton, F.
Oxidation of Wet Biomass. November 1994.
G.dvainen, H.
Condensing Systems. November 1994,
Oravainen, H.
Catalytic Combustion in Small Wood Burning Appliances. November
1994.
Hofbauer, H.
Characterization of Biomass Fuels and Ashes. November 1994.
Gustavsson, L.
Measurement Techniques (FTIR). November 1994.
Thermal Gasification Activity
(All publications/reports from Thermal Gasification are available from
S.P. Babu, Institute of Gas Technology, 1700 South Mount Prospect Road,
Des Plaines, Illinois 60018-1804, USA)
Rautalin, A. and Wilén, C.
Feeding Biomass into Pressure and Related Safety Equipment, 1992.
Available from VTT Energy, P.O. Box 1601, FIN-02044 Espoo, Finland.
Babu, S.
Minutes of IEA Bioenergy Agreement Biomass Gasification Activity
Meeting. Pisa, Italy, April 26-28,1993.
Babu, S.P
Minutes of IEA Bioenergy Agreement Biomass Gasification Activity
Meeting. Burlington, Vermont, USA, August 31, 1993.
Babu, S.P.
Minutes from the Biomass Thermal Gasification Activity Meeting,
Copenhagen, Denmark, May 9-12,1994.
Babu, S.P.
Minutes from the Biomass Thermal Gasification Activity Meeting,
Hawaii, USA, October 17-21,1994.
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Parikh, P.P., Banerjee, P.K., and Veerkar, S.S.
Biomass Gasifiers and Producer-Gas Engine Systems - Overview of Indian
R&D Activities. Biomass Gasification Research, Indian Institute of
Technology, Bombay, India, June 1994.
Hasler, P. and Biihler, R.
Gasification of Urban Waste Wood (Altholz), September 1994.
Pyrolysis Activity
(All publications for Pyrolysis are available from Y. Solantausta, VTT
Energy, P.O. Box 1601, FIN-02044 VTT, Finland)
Palmer, C. and Erbes, M.
LM2500 Fired on Low Btu Fuels, Final Report by Enter Software, Inc. for
VTT, Finland, January 28,1993.
Solantausta, Y.
Performance of Wood-Fuelled Air Gasification -Combined-Cycle Power
Plant, Intermediate Report, March 1993.
Solantausta, Y.
Performance of Wood-Fuelled Air Gasification STIG Power Plant,
Intermediate Report, November 1993.
Solantausta, Y.
Minutes of IEA Bioenergy Agreement Pyrolysis Activity Meeting, Golden,
Colorado, USA, April 1993.
Solantausta, Y.
Minutes of IEA Bioenergy Agreement Pyrolysis Activity Meeting.
Santiago de Compostela, Spain, November 30 -December 3,1993.
Solantausta, Y.
IEA Pyrolysis Activity Intermediate Report, 1994. VTT Energy. April 1994.
Biotechnology for Fermentation Processes Activity
(All publications/reports for Biotechnology Activity available from J.N.
Saddler, The University of British Columbia, Dept. of Wood Sciences,
#389-2357 Main Mall, Vancouver, B.C. Canada)
Bailey, M.J., Bieley, P. and Poutanen, K.
Interlaboratory Testing Methods for Assay of Xylanase Activity, Journal of
Biotechnology, Vol 23, pp 257-270,1992.
Saddler, J.N. (Ed.)
Bioconversion of Forest and Agricultural Plant Residues.
CAB International, Wallingford, Oxon, United Kingdom, 1993.
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Proceedings, Sixth Sympo;' m on Biotechnology for the Conversion of
Lignocellulosics, Helsinki, Finland, June 6-9, 1993.
Symposium on Byconversion of Lignocellulosics
American Chemical Society Meeting, San Diego, C A., USA, March 16-17,
1994.
(22 papers from Biotechnology Network; list of papers and publication
plans available from J.N. Saddler)
Proceedings, Sixth Symposium for the Conversion of Lignocellulosics,
Helsinki, Finland, June 6-9, 1993.
Papers published in Bioresource Technology. December 1994.
Anaerobic Digestion Activity
(All publications/reports for Anaerobic Digestion are available from
Seren Tafdrup, Danish Energy Agency, Landemaerket 11,
DK 1119 Copenhagen K, Denmark)
Tafdrup, S.
Anaerobic Digestion for Fuel Gas Production. Presented at Task X TAC
Meeting, Helsinki, Finland, June 10-11,1993.
Tafdrup, S.
Environmental Impact of Biogas Production from Danish Centralized
Plants, Published in Proceedings of Environmental Impacts of Bioenergy,
1994.
Straw UtilizationActivity
(All publications/reports for Straw Utilization Activity available from C.
Nielsen, dk -TEKNIK, Energy and Environment, Gladsaxe Mallevej 15,
DK 2860 Seborg, Denmark)
Nielsen, C.
Round-Robin Analyses of Straw and Straw Ashes, 1993.
Nielsen, C.
Analysis of Straw and Straw Ashes
Part 1.
Recommended Methods for Basic Parameters
Part 2.
Basic Parameters which Demand Further Investigation of
Suitable Analytical Methods
Part 3.
Alternative Characterization Methods
Part 4.
Research and Development in the IEA Countries
Concerning Analysis and Classification of Biomass Fuels.
State of the Art. September 1994.

Appendix 1.12

Nielsen, C.
Minutes from Straw Utilization Working Group Meeting, Uppsala,
Sweden, April 21-22,1994.
Environmental Systems
(All publications/reports on Environmental Systems are available from
Keith Mackie, New Zealand Forest Research Institute Ltd,
Private Bag 3020, Rotorua, New Zealand)
Frings, R.
Minutes of the IEA Task X Environmental Systems Activity Workshop.
Magog, Quebec, Canada, September 14-16,1992.
Toft, A.
Minutes of IEA Task X Environmental Systems Activity, Second
Workshop, Helsinki, Finland, June 7-9, 1993.
Toft, AJ. and Bridgwater, A.V.
The Environmental Impact of Electricity Generation from Biomass Using
Advanced Cycles. In Minutes of IEA Task X Environmental Systems'
Activity, Second Workshop, Helsinki. Finland, June 7-9, 1993.
Rivard, C.R.
Coal Gasification Wastewater Treatment, In Minutes of IEA Task X
Environmental Systems Activity, Second Workshop, Helsinki, Finland,
June 7-9, 1993.
Fagernäs, L.
Review of the Past and Current Activity on the Production of Volatile
Organics during Biomass Drying. In Minutes of IEA Task X
Environmental Systems Activity, Second Workshop, Helsinki, Finland,
June 7-9,1993.
GiffordJ., Dare, P., and Winkler, C.
Disposal Options for Solid Wastes Arising from the Thermo chemical
Conversion of Biomass: Physical and Chemical Characteristics of Ash
Samples from Combustion, Gasification and Pyrolysis Processes. Report
No.94/2 September 1994 produced by the New Zealand Forest Research
Institute.
Wastney, S.C.
Emission from Wood and Biomass Drying: A Literature Review. Reports
No. 94/1 September 1994 produced by the New Zealand Forest Research
Institute.
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Toft, AJ. and Bridgwater, A.V.
Bioenergy Environmental Evaluation Scheme. Paper included in
Minutes of IEA Bioenergy Task X, Environmental Systems Activity,
Fourth Workshop, Rotorua, New Zealand, September 14-16, 1994.
Mackie, K.L.
Minutes of IEA Task X Environmental Systems Activity, Third
Workshop, Gothenburg, Sweden, March 6-8,1994.
Mackie, K.L.
Minutes of IEA Task X Environmental Systems Activity Fourth
Workshop, Rotorua, New Zealand, September 14-16, 1994.
ProductionjConversion Interface
(All publications/papers on Production/Conversion Interface are
available from Don J. Stevens. Cascade Research Inc., 2952 George
Washington Way, Richland, Washington 99352, USA except where
noted)
Stevens, D.J.
Minutes of the Interface Working Group Meeting, San Francisco,
California, USA, December 15-17,1992.
Mitchell, C.P.
Minutes of the Interface Working Group Meeting, Edinburgh, Scotland,
June 28-30,1993.
Available from Paul Mitchell, Dept. of Forestry, Aberdeen University,
Aberdeen AB24 5AU, U.K.
Bridgwater, A.V., Mitchell, C.P., Stevens, D.J., Toft, A.J.,
and Waters, M.P.
An Evaluation of the Performance of Integrated Bioenergy Systems,
Aston University, Birmingham, UK
Stevens, D.J., Mitchell, C.P., Bridgwater, A.V., Toft, A.J., and Waters, M.P.
Development of an Integrated Model for Biomass-to-Electricity Systems.
Bioenergy '94. Proceedings of the Sixth National Bioenergy Conference,
pp. 427-433. Available from Western Regional Biomass Energy Program,
1617 Cole Blvd, Golden, Colorado, 80401, USA.

Reports from Task XI
Biogas from Municipal Solid Waste: Overview of systems and markets
for anaerobic digestion of MSW. July 1994.
Available from K. Braber, NOVEM, P.O. Box 8242, NL-3503 RE Utrecht,
Netherlands.
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Combustion: A vital bioenergy technology for the 21st Century. July 1995
Available from N. Patel, ETSU, Harwell, Oxfordshire OX11 ORA, UK.
Chandler, AJ.
Task VII MSW Conversion. Review of emission and performance
monitoring of Municipal Solid Waste incinerators. Report of the Expert
Working group in Sampling and Analytical Protocols. March 1992.
Available from: A J Chandler & Associates Ltd, 12 Urbandale Avenue,
Willowdale, Ontario, Canada, M2M 2HI, cost CDN $40.
Christensen, B.
Solid Waste Management in Canada.
Office of Waste Management, Environment Canada, October 1993.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Christensen, B., Sommer, E., Christensen, T.E., Poll, J. and Lunde, T.
Study Tours in Canada and USA made by participants in the Separation
Activity, October 1993.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Christensen, T.E.
Report on the R&D, strategies and acknowledged collecting systems in
relation to source separation and use of waste for energy in Denmark.
Ramboll, Hannemann & Hojlund A/S, Bredevej 2, DK 2830 Virum,
Denmark, August 1992.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Hanemaayer, A.
Supplementary country report. Additional information for the country
report of the Netherlands on recent amount and composition of waste
streams, promising source separation schemes and interesting projects /
reports.
RIVM/LAE, PO Box 1, 37200 BA Bilthoven, Netherlands, September 1993.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Estensen A. S. G., Heie, A., Lunde, T. and Rosvold, H.
Municipal solid waste conversion to energy in Norway.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway
International Ash Working Group
Municipal Solid Waste Incinerator Residues An International
Perspective on their Characterisation, Disposal, Treatment and
Utilization.
Available from S Sawell, Compass Environmental Inc, 2253 Belmont
Court, Burlington, Ontario, Canada, L7P 3N3.
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Lunde, T.
Glossary of useful terms: source separation, recycling and mechanical
processing. March 1993. 1st edition,
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Patel, N., Wheeler, P. and Ohlsson, O.
Fluidised bed combustion of municipal solid waste. A status report for
the IEA. November 1994.
Available from ETSU, Harwell, Oxfordshire OX11 ORA, UK.
Poll,].
Study tour to Germany made by participants in the Separation Activity,
April 1993.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Poll, J., Christensen, B. and Lunde, T.
Study tours in Minnesota, USA made by participants in the Separation
Activity, October 1994.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Rosvold, H.
International state of the art on RDF combustion. Emissions from RDF
combustion.
SINTEF Applied Thermodynamics, Trondheim, Norway, November
1993.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Sawell, S.
Municipal solid waste conversion to energy: a summary of research
activities in Canada, March 1992.
Available from S Sawell, Compass Environmental Inc, 2253 Belmont
Court, Burlington, Ontario, Canada, L7P 3N3.
Sommer, E.
Status update 1993: Recycling and waste-to-energy incineration in the
United States.
National Recovery Technologies Inc., 566 Mainstream Drive, Nashville,
Tennessee, 37228-1223, USA.
Available from Terje Lunde, SVA, Grinda, 3271 Larvik, Norway.
Vesterinen, R.
A summary of municipal solid waste conversion to energy in Finland.
Available from: Technical Research Centre of Finland, Combustion and
Thermal Engineering Laboratory, PO Box 221, SF 40101 Jyvaskyla, Finland.
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Reports from Task XII
No Task XII reports were published in 1995 but several are under
preparation and will be issued early in 1996.

Reports from Task XIII
Biomass Combustion
(Available from J.E. Hustad, Division of Thermal Energy, Norwegian
Institute of Technology, N-7034 Trondheim, Norway)
Hustad, J.E.
Minutes from Biomass Combustion Working Group Meeting (includes
presentations from the workshop on Small Scale Cogeneration Systems)
Vienna, Austria, May 2-5, 1995.
Hustad, J.E.
Minutes from Biomass Combustion Working Group Meeting (includes
presentations from the Symposium on Co-Combustion of Biofuels with
Other Fuels) Nijmegan, The Netherlands, November 7-9, 1995.
Thermal Gasification
(Available from S.P. Babu, Institute of Gas Technology, 1700 South Mount
Prospect Road, Des Plaines, Illinois 60018-1804, USA)
Minutes of Joint Meeting of Combustion, Gasification, and
Technoeconomic Analysis Working Group, Vienna, Austria, May 2-5,
1995.
Biotechnology for Conversion of Lignocellulosics
(Available from University of British Columbia, Dept. Wood Science,
Vancouver, BC V6T 1Z4, Canada)
Gregg, D.J. and J.N. Saddler
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 21-24,1995.
Integrated Bioenergy Systems
(Available from New Zealand Forest Research Institute Ltd., Private Bag
3020, Rotorua, New Zealand.)
Minutes from Integrated Bioenergy Systems Working Group Meeting,
Graz, Austria, September 18-20, 1995 (compiled by J. Ford-Robertson).
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Toft, A.J., Bridgwater, A.V., Mitchell, C.P., Watters, M.P. and DJ. Stevens
An Evaluation of the Performance of Integrated Bioenergy Systems,
Proceedings of the Second Conference of the Americas, Portland, Oregon,
USA, August 21 ->A, 1995.

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.
Patel, N., Wheeler, P. and Ohlsson, O.
Fluidised bed combustion of municipal solid waste. A status report for
the IEA. November 1994.
Available from: ETSU, Harwell, Oxfordshire OX11 ORA, UK.
Bogner, J. and Scott, P.
Landfill CH4 Emissions: Guidance for field measurements. 1995
Available from Anette Heikkilä, Luleå Inst. of Tech., Sweden.
Fax: +46 920 01468 or e-mail: anhe@sb.luth.se
Campbell, D.
Experimental System Instrumentation. 1995
Available from Anette Heikkilä, LuleCE Inst. of Tech., Sweden.
Fax: +46 920 01468 or e-mail: anhe@sb.luth.s'?
Meadows, M.P.M. and Maunder, D.H.
Non-technical barriers to energy recovery from landfill gas. 1995
Available from Anette Heikkilä, LuleCE Inst. of Tech., Sweden,
Fax: +46 920 01468 or e-mail: anhe@sb.luth.se
van Zanten, B. and Scheepers, M.J.J.
Modelling of landfill gas potentials. 1995
Available from Anette Heikkilä, LuleCE Inst. of Tech., Sweden.
Fax: +46 920 01468 or e-mail: anhe@sb.luth.se

Reports from Task XV
Schlamadinger, B. and Waupotitsch, M. (compilers)
Greenhouse Gas Balances of Bioenergy Systems: a Bibliography compiled
for IEA Bioenergy Task XV, December 1995, ca. 250 pp.
Available from Joanneum Research, Elisabethstrasse 11, A-8010 Graz,
Austria.
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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.
Available from Joanneum Research, Elisabethstrasse 11, A-8010 Graz,
Austria.
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 Sequestration
Conclusion and Further Research Implications.

-

Freund, F.
IEA Greenhouse Gas R&D Program: Work on Full Fuel Cycle
Analysis of Fossil Fuel Power Generation.
Gustavsson, L., Börjesson, P., Johansson, B., and Svenningson P.
Reducing CO, Emissions by Substituting Biomass for Fossil Fuels.
Sinisalo J. and Savolainen I.
Greenhouse Impact Expressed as Radiative Forcing Due to Bioenergy
Fuel Chains.
Mariand 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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SOME USEFUL ADDRESSES
ExCo Chairman 1995 and 1996
Raymond Costello
Phone:
U.S. Department of Energy
Fax:
Biofuels Systems Division
1000 Independence Ave. S.W.
WASHINGTON, D.C. 20585
U.S.A.

+1 - 202 586 4898
+1 - 202 586 9815

ExCo Vice Chairman 1995 and 1996
Olav Gislerud
Phone: +47 - 64 941 810
Energy Office
Fax:
+47 - 64 940 430
P.O. Box 234
e-mail: olav.gislerud@nfr.no
N-1430 AS
NORWAY
ExCo Secretary
Tor Leif Andersson
TELLUS ENERGI AB
Vitriskestigen 5
S-611 63 NYKÖPING
SWEDEN

Phone: +46-155215 440
Fax:
+46-155210 632
e-mail: tor.leif.andersson@mailbox.
swipnet.se

Operating Agent Task XII
Louis Zsuffa
Phone: +1 - 416 978 6512
Faculty of Forestry
Fax:
+1-416 978 6843
Forest Genetics Laboratory
e-mail: zsuffa@larva.forestry.utoronto.ca
University of Toronto
33 Willcocks Street
TORONTO, Ontario M5S 3B3
CANADA
Operating Agent Task XIII
Carl Wallace
Phone: +1 - 202 651 7532
Fax:
+1 - 202 651 7503
NREL
Portal Building, Suite 710
e-mail: wallacec@tcplink.nrel.gov
409 12th Street S.W.
WASHINGTON, D.C. 20024 - 2188
U.S.A.
Operating Agent Task XIV
Anton van Santen
ETSU
Harwell
OXON OX11 OR A
UNITED KINGDOM

Phone: +44 -1235 432 575
Fax:
+44 -1235 433 980
e-mail: anton.van-santen@aea.orgn.uk
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Operating Agent Task XV
Josef Spitzer
Joanneum Research
Elisabethstrasse 11
A-8010 GRAZ
AUSTRIA

Phone: +43 - 316 876 332
Fax:
+43 - 316 876 320
e-mail: spitzer@pbox.joanneum.ac.at

Editor of IEA Bioenergy Nezvsletter & WWW
Phone: +44-1224 272 672
Paul Mitchell
Fax:
+44 - 1224 272 685
Forestry Department
e-mail: c.p.mitchell@abdn.ac.uk
University of Aberdeen
581 King Street
ABERDEEN AB24 5UA
UNITED KINGDOM
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BUDGET IN 1995. SUMMARY TABLE

Seer. Fund
SEK

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

Austria
Belgium
Canada

38 000
38 000
38 000

82120

Denmark
Finland
France

38 000
38 000
38 000

Italy
Japan
Netherlands

82 500

55 055
22 385
52 635

41701

82 500

93 370
50120
32 000

25 410
52 635

7 639
7 639

82 500

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
24550
151 670

14 520
30 855
25 410

7639
32 951

82 500

Switzerland
United Kingdom
United States

38 000
38 000

83 870
116 600

15 730
27 830
67155

8750
41701
41701

82 500

Eur. Commission

38 000

60 640

44165

To be balanced ./•

8 000
871 440
CAD

459 195
USD

225 000
GBP

412 500
ATS

TOTAL

83 870

38 000

600 000
SEK

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 1995 (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

NZ

NOR

SWE

UK

USA

CEC

10.00
10.00 10.00 10.00

10.00 10.00
10.00 10.00

13.33

12.50

13.33 13.33 13.33 13.33
12.50 12.50 12.50

15.00

15.00 15.00 15.00

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

60.00

NL

10.00

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 Aeent 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

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

3.98

8.57

7.50

26.67
7.50
20.00

123.57 68.33 95.00 49-40

x'

Task XIII Budget 1995 (1000 U.S. dollars)
Activity

Total

Contributions from participants
DEN
HN
AUS
BEL CAN

Biomass Cuversion

71.5

6.5

Thermal Gasification

71.5

6.5

6.5

CEC

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.=

6.5

6.5

10.0

10.0

10.0

8.0

8.0

10.0

8.0

8.0

Technoeconomic Analysis

62.5

12.5

12.5

Integrated BioenerRy Svst.

60.0

12.0

12.0

379.5

45.5

18.5

55.055

USA

6.5

10.0

459.195

UK

6.5

8.0

TOTAL

SWE SWI

6.5

50.0

9.555

NOR

6.5

64.0

79.695

NZ

6.5

Pyrolysis for Liq. Products

Operating Acents 21 %

ML

6.5

Biotechnology/Conversion
of Lignocellulosics

Activity total

ITA

8.0

8.0

8.0

12.5

12.5

12.5

12.0

43.5

3.885 9.135

21.0
4.41

22.385 52.635 25.41

43.5

8.0

9.135 1.68

13.0 12.0 25.5
2.73 2.52

5.355

52.635 9.68 15.73 14.52 30.855

21.0
4.41

13.0
2.73

23.0

12.0

12.0

55.5

36.5

4.83 11.655 7.665

25.41 15.73 27.83 67.155 44.165

3
13
CD

Task XIV Budget 1995 (1000 U.K. pounds)
Activity

Total

Contributions from participants
CAN
DEN
FIN
JAP

NL

Thermal Conversion of
MSW and RDF

55.000

6.111

Landfill Gas

45.000

11.250

Anaerobic Digestion
of MSW

35.000

7.000

7.000

Impact of Integrated MSW
management on energy
recovery

45.000

9.000

9.000

Activity Toial

180.000

33.361

6.111

6.111

6.111

22.111

45.000

8.340

1.528

1.528

1.528

225.000

41.701

7.639

7.639

Operating A^ent 25 %
TOTAL

6.111

6.111

NOR

SWE

SWT

UK

USA

6.111

6.111

6.111

11.250

11.250

11.250

7.000

7.000

9.000

9.000

9.000

6.111

26.361

7.000 33-361

33.361

5.528

1.528

6.590

7.639 27.639

7.639

32.951

6.111

6.111

6.111

7.000

1.750

8.340

8.340

8.750 41.701 41.701

>

•a
Xi

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

L. Zsuffa
University of Toronto, Canada
Address etc: see Appendix 2

Assistant to the Operating Agent:

R. Gambles
University of Toronto, Canada

ACTIVITIES

LEADER

Forest Management

J. Richardson
Natural Resources Canada

Harvesting

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. Wörgetter
Federal Institute for Agricultural
Engineering, Austria

Lignocellulosk Solid Fuels

U. Jorgensen
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.
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ACTIVITIES AND ACTIVITY LEADERS
Task XIII - Biomass Utilization
Operating Agent:

C.J. Wallace
Nat. Renewable Energy Lab.
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.

l'yrolysis for Liquid Products

T. Bridgwater
Aston University
United Kingdom

Biotechnology for Conversion
of Lignocellulosics

J. Saddler
Univ. of British Columbia
Canada

Technoeconomic Analysis

Y. Solantausta
VTT Energy
Finland

Integrated Bioenergy Systems

K. Mackie
Forest Research Institute Ltd.
New Zealand
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ACTIVITIES AND ACTIVITY LEADERS
Task XIV - Energy Recovery from Municipal Solid Waste
Operating Agent:

A. van Santen
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
Luleå Univ. of Technology
Sweden

Anaerobic Digestion of MSW

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

Impact of Integrated MSW
Management en Energy Recovery

S. Sawell
Compass Environmental Inc.
Canada
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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 Boström

NUTEK

U.S.A.

Gregg Marland

Oak Ridge Natl. Lab. (ORNL)
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Hevin
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Gerardi
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Nishida

NL

Kwant

Smakman

van Egmond
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T. Smith
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NOR

Vik

Senju
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SWE

Tegnér

Ingman
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SWI
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Buhler

Wellinger
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Maryan

Dumbleton
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-
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IE A Bioenergy Annual Report 1995
J.EA Bioencrgy 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 1995, there were four ongoing Tasks within IEA Biocncrgy
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 1995 activities and
includes progress reports from the Executive Committee and the four Tasks.
Included is a short report summarising the achievements from the four
Tasks which were in operation during 1992-1994.
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 Bioenegy and shift the emphasis of the
collaborative work from Research and Development towards Deployment.
At the end of 1995 there were sixteen Participants in IEA Biocncrgy fifteen countries a.id the European Commission
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