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IEA Bioenergy Task 34:

Welcome

By Doug Elliott,
Task 34 Leader

The IEA Bioenergy
Task 34 for Pyrolysis
has been approved for
the new triennium
from 2010 to 2012.
Current participants in
the Task are Canada,
Finland, Germany, the
UK with leadership
provided by the US.
This newsletter is
produced by the Task
to stimulate the
interaction of
researchers with
commercial entities in
the field of biomass

pyrolysis.

Aims & Objectives

The overall objective of Task
34 is to improve the rate of
implementation and success of
fast pyrolysis for fuels and
chemicals by contributing to
the resolution of critical
technical areas and
disseminating relevant
information particularly to
industry and policy makers.
The scope of the Task will be
to monitor, review, and
contribute to the resolution of
issues that will permit more
successful and more rapid

implementation of pyrolysis
technology, including
identification of opportunities
to provide a substantial
contribution to bioenergy. This
will be achieved by the
activities listed below:

Priority Topics for Task 34

1 Norms and standards

1 Analysis i methods
comparison, developments
and database formulation

1 Country reports updates/
review of state of the art

1 Fuels and chemicals from

pyrolysis

Continued on page 2
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Welcome...continued

In this issue of the newsletter
you will find short introductory
articles from the national team
leaders from each of the
participating countries
summarizing their particular
efforts in the field. Also there
are several articles from
around the world describing
the latest developments in fast
pyrolysis including work at
Mississippi State University
and the Eastern Regional
Research Center of the
Agricultural Research Service
of the Department of
Agriculture in the US; a review
provided by Pyrovac of recent
developments in vacuum
pyrolysis in Canada; plus a
summary of process research
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EMPYRO Project Summary

Gerhard Muggen
of BTG -BTL in
the Netherlands
outlines the
EMPRYO project

Project objectives

The aim of the
project is to build
and demonstrate a
25 MW , poly -
generation pyrolysis
plant to produce
electricity, process
steam, organic acids
and fuel oil from

woody biomass
(see also figure 2 on the
following page).

Figure 1: Polygeneration pyrolysis plant EMPRYO, Hengelo (Ov), the Netherlands.

The EMPRYO project will be
supported by the 7 ™
framework program from the
EU in the Polygeneration call.

Polygeneration through
pyrolysis: simultaneous
production of oil, process
steam, electricity and organic
acids.

Project partners:

1 BTG Bioliquids BV
(Netherlands)

1 BTG Biomass Technology
Group BV (Netherlands)

1 AkzoNobel Industrial
Chemicals BV (Netherlands)

1 Amandus Kahl GmbH &
Co.KG (Germany)

1 Bruins & Kwast Recycling

BV (Netherlands)

Jan Rusaas (Denmark)

Stork Thermeq BV

(Netherlands)

1 HoSt BV, (Netherlands)

f
f

Project justification
The European chemical

industry consumes large
amounts of energy, which can
account for up to 60% of
production costs of chemicals.
In addition, this industry
accounts for 12% of EU energy
demand and consequently
contributes to the total CO 2
emission of the EU.

Thus, it is important for the
chemical industry to move
away from fossil fuels in order
to reduce the impact of
volatile prices of fossil fuels
and to continue its efforts in
terms of GHG reduction.

The use of biomass for energy
can contribute to reducing the
impact of volatile prices of
fossil fuels and to reducing the
GHG emissions. Following this
approach, the project will build
and demonstrate a
polygeneration pyrolysis plant
that will use woody biomass to
produce electricity, process
steam and pyrolysis oil.

Continued on page 4
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EMPYRO Project Summary...continued

Specific objectives

Project background

The core conversion process is
a flash pyrolysis plant based
on the BTG technology. In
Europe, no large scale
pyrolysis oil production plant
based on biomass is in
operation. The plant will be
based on the design and
experience gained by BTG
through the construction of a
50 t/d pyrolysis plant in
Malaysia. The plant design will
be further scaled up to a
commercially attractive scale
of 120 t/d (~ 25MW ). The
feedstock will be local woody
biomass and/or residues.

The plant will produce
electricity, process steam,
pyrolysis oil and aqueous
organic acids in an industrial
environment to make optimal
use of the biomass feedstock.

Objectives

1 To construct and operate
on a continuous basis a 25
MW, polygeneration
pyrolysis unit.

1 To provide warranty

1.

2.

To demonstrate this European technology on a full scale of

120 t/day.

To establish warranty conditions for commercial systems

with respect to:

1 Environmental impact and health and safety aspects;
1 Technical performance specifications;
1 Accurate manpower requirements and skills for

operation and maintenance;

Accurate capital and operating costs;

1
1 Plant availability;
1

Plant variability in relation to demand (steam,

electricity and pyrolysis oil).

To set -up a training and education center around the
demonstration plant, and create a Pyrolysis Platform
(Pyrolysis academy) for further expansion.

To set -up and initiate the business roll out of the pyrolysis.

the pyrolysis oil in natural
gas or HFO fuelled energy
systems.

To demonstrate the
recovery of acetic acid from
the pyrolysis oil.

To have the ability to test
new feedstocks in the
future on a large scale.

To develop a reference

purposes .

Demonstration activities

The project consortium will
construct and operate a 25
MWy, polygeneration pyrolysis
plant at the site of AkzoNobel
in Hengelo, the Netherlands.
At least electricity, steam and
pyrolysis oil will be produced

conditions for the process plant that can be used for on site. A fifirst
outcomes. education and knowledge extraction of organic acids
1 To demonstrate the use of sharing purposes, as well from pyrolysis oil unit will be
as for commercial constructed as well, based on
research which is partly
conducted within the EU
EMPRYO project.
l Frocess steq The biomass collection and
pretreatment area is located in
Goor (approx. 20km from
25 MWth I Hengelo). From Goor it will be
Pongeneration tr_an;ported by trucks to the
120 t/d Biomass PYI"O|YSiS site in Hengelo.
Plant I Stabilized Fuel Oil App"CﬂtiOl’lS
Combustion of pyrolysis oil will
be demonstrated for several
l Organic Acids applications:
1 Application in boilers in
industries and district
Figure 1: Empyro BV, polygeneration means in this case the production of four end heating I_n several C|t.|.es n
products from biomass. the province of Overijssel
and customers in Belgium;
Continued on page 5
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EMPYRO Project Summary...continued

Expected impacts of the project

1 Application in 1.7 MWe gas
turbine for combined heat
and electricity in the
district heating plant in
Hengelo.

In all cases natural gas will be
substituted.

Research activities: acetic
acid recovery

Research activities of the
project focuses on the
recovery of acetic acid from
the aqueous fraction of
pyrolysis oil.

Since no substantial quantities
of pyrolysis oil have ever been
available in Europe for large
scale application and research,
such recovery is by default
innovative. The work therefore
starts with RTD work at
laboratory scale to design and
construct an acetic acid
recovery demo system.

Expected results of the

project

1 Demonstration plant and
commercial production of
pyrolysis oil.

1 The production of large
quantities of pyrolysis oil
for the commercial market

f
1

Implementation and operation of the first (partial)
commercial large scale biomass pyrolysis unit.

Best practices for innovative polygeneration using
renewable energy sources for industrial applications.
Improved energy and environmental performance and
efficient use of natural resources. Improved potential for
investments of enterprises in such energy technology.
Replacement of natural gas and acetic acids by pyrolysis
oil and organic acids respectively.

More straightforward ways of using biomass resources,
with limited modification to existing equipment.
Reduction of investments costs to build new plants based

on the EMPYRO concept.

Increased availability of pyrolysis oil for the European

research community.

(between 20,000 and
25,000 t/y of pyrolysis oil).
CFD model for pyrolysis oil
combustion.

Pyrolysis oil combustion
operational experience
within the European
regulation.

Hands on experience
pyrolysis oil transport and
logistics within Europe.
Design of organic acid
recovery unit.
Demonstration of organic
acid recovery unit.

1 Financial, environmental
and sustainability
assessment of the
EMPYRO concept.

9 Training facility and
visiting centre.

1 Establishment of the
Pyrolysis platform.

Contact:
Gerhard Muggen

BTG Bioliquids BV
P.O. Box 835
7500 AV Enschede
The Netherlands

T: +31 53 486 2287
E: gerhard.muggen@btg -

btl.com

www.btg -btl.com

btg- N\

biomass-to-liquid
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ARS-USDA Biomass Fast Pyrolysis
Research at ERRC

Akwasi Boateng
of the United
States
Department of
Agriculture
reviews the
biomass fast
pyrolysis
program at the

Eastern Regional
Research Center

fiBehind
successful
venture are its
dedicated
peopl e.

0

e

The United States Department

of Agricultureds
fast pyrolysis research program

is based at the Eastern Regional
Research Center (ERRC) in
Wyndmoor, Pennsylvania, just
outside of Philadelphia, part of

the Agricultural Research

Service (ARS).

The program that started
modestly by its lead scientist
and chemical engineer, Dr.
Akwasi (Kwesi) Boateng, in
2004, has quickly grown into
one of the leading pyrolysis
research programs in the USA.
Kwesi is quick to point out that
these efforts could not have
been possible without the help
and motivation from some of
the key members of PyNe. He
attended his first PyNe meeting
in Innsbruck in September
2005, a year after he joined
ARS, by the invitation of the US
ExCo member and accompanied
national team lead Doug Elliott
(PNNL) with Prof. Robert Brown
(lowa State). Through
subsequent participation in the
network activities USDA is now
a co - participant with the US

Figure 1: The ERRC Pyrolysis Team

Left to right: Kenneth Schafer, Neil Goldberg, Jacqueline Kenny,

Department of Energy (DOE)
b Pywlyses.s s

( thgasikn3a

ARS facilities now include a
pilot scale (5 kg/h) fluidized
bed fast pyrolysis reactor
system dubbed AThe
Kwesinator o,
scale pyrolysis reactors, and
an extensive analytical lab
fully equipped for the
characterization and analyses
of pyrolysis oiland co -
products. Within this short
tenure the program has
produced over 25 peer
reviewed journal articles and
was a full participant in the
lignin round -robin studies
recently published by Task 34.
It has been the subject of
several press and newswire
including a radio magazine.

Obviously behind every
successful venture are its
dedicated people. In addition
to Dr. Boateng, key personnel
on the project include
mechanical engineer Neil
Goldberg, and chemists Dr.

Continued on page 7
» t ]
-
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A.(Kwesi) Boateng, Michael Dallmer, Charles Mullen, David Mihalcik.

anal yti
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ARS-USDA Biomass Fast Pyrolysis
Research at ERRC...continued

Charles Mullen (PyNe, Vicenza, quantifying agricultural factors infrastructure compatible,
2007 attendee) and Dr. David (biomass composition, fungi bl e nicd roipomas s
Mihalcik, not to mention the agronomic factors, etc.) that based hydrocarbon fuels. The
tremendous administrative affect fast pyrolysis processes ARS pyrolysis researchers will
sup ph(lj rdt from blt h'e ¢ and product quality, and work with UOP on catalytic
L?sﬁifé ar?c? cirplrr;jﬁcszglrlljar. € improving t'he quality of bio - pyrolysis.

S ” char for soil amendment
Kevin Hicks, and the National - .
Program Leader, Dr. Robert applications. The ARS_pyronS|s Qn the_ local I_evel, the program
Fireovid. The program has group has partnered with Is r_nakmg a difference and the
attracted and continues to petroleum industry catalyst nelghbo'rs have heard and are
attract faculty and students giant, UOP LLC, leading control responding. Farmers of
who flock the ERRC hallways systems developer, Siemens, Pennsylvania Farm Bureau of
during summers, some of and Biofuels Manufacturers of Montgomery county and the
whom have gone on to pursue lllinois (BMI) through South Eastern Pennsylvania

Resource Conservation and

graduate education in Corporative Research and
pyrolysis science. Development Agreements Development (RC&[F)))
(CRADA). representing seven PA

counties are working to

With increasing demands by mobilize support and funding

ARS stakeholders including Additionally, they have signed for the development of
over 34 letters from interested over 10 material trangfer regional distributed pyrolysis
collaborators, the program agreements (MTA) with systems using the ARS
was expanded and renewed in companies, farmers, and pyrolysis technologies i stay
2009 with the approval and university research groups tuned.
certification of a new ARS that would like to test
appropriated five year feedstock or receive bio  -oil or Contact:
research project, titled bio -char for analysis. The Dr. Akwasi Boateng
i Di st r iScaetPgralysis of program is included in the Eastern Regional Research
Agricultural Biomass for UOP6s partnershi p Center

Production of Refinable Crude Pall Corporation, NREL and Agricultural Research Service
Bio- Oil and Valuable PNNL that was awarded one of USDA, 600 E. Mermaid Lane
Coproducts. o the five DOE -funded pyrolysis Wyndmoor PA 19038

oil stabilization contracts in USA

Major research thrusts for the 2008. It is also part of the
project are developing both National Advanced Biofuels T:+1 215 233 6493
catalytic and non - catalytic Consortium (NABC) which was E: akwasi.boateng@ars.usda.
processes that can produce recently awarded $34 million gov
stable, refinable bio  -oil on or by the DOE to conduct cutting -
near the farm, identifying and edge research to develop www.ars.usda.gov/naa/errc

USDA

am United States Department of Agriculture

——
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Fast Pyrolysis in the biolig

Dr Nicolaus

Dahmen gives
an insight into
the bioliq ©
process
developed at
Karlsruhe
Institute of
Technology in
Germany

The bioliq ® process, developed
at the Karlsruhe Institute of
Technology (KIT), aims to
produce synthetic fuels and
chemicals from biomass.
Syntheses based on synthesis
gas require pressures of up to
10 MPa. Therefore, gasification
already at elevated pressures
may omit expensive gas
compression and ease gas
cleaning and conditioning.
High pressure entrained flow
gasification provides high
quality tar -free syngas with
low methane contents. For
that purpose a feed is
required, which can easily be
fed to the gasifier at elevated
pressures being atomized by
oxygen as the gasification
agent.

Fast pyrolysis was chosen as a
most promising process to
obtain such a feed by mixing
pyrolysis condensates and
char to a so called
bioligSyncrude ©, exhibiting a
sufficiently high heating value,
and being suitable for
transport, storage and
processing. This slurry -

W 32401 (&

® process

gasification concept has been

extended to a complete

process chain via a pilot plant

erected on site at KIT.

The three subsequently

constructed parts of the plant,
funded by the German Ministry

of Food, Agriculture, and
Consumer Protection, con
of the fast pyrolysis and

sist

biosyncrude production, the 5
MW, high pressure entrained
flow gasifier operated at up to
8 MPa (both in cooperation
with Lurgi GmbH, Frankfurt),
as well as the hot gas cleaning

(MUT Advanced Heating
GmbH, Jena), dimethyleth

er

and final gasoline synthesis
(Chemieanlagenbau Chemnitz
GmbH). The last components

aim at the improvement of
syngas utilization by savin
energy, simplifying proces
technology and improving
product quality.

The general project was

g
S

launched in 2005, when design

of the pyrolysis plant

Continued on page 9

Figure 1: Glance at the reactor section with hot gas cyclone and quench (left side).
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Fast Pyrolysis in the bioliq

continued

Figure 2:  Flow scheme of pilot plant.

commenced, followed by
mechanical completion in 2007
and commission in 2008.
Gasification, gas cleaning and
syntheses production plants
will be completed by the end
of 2011.

In order to use a broad variety
of residual biomass typically
having low volumetric energy
content (e.g. straw, hay, or
residual wood from

agriculture, forestry and land
cultivation), fast pyrolysis

plays a key role in the

process. The technical concept
of the pilot plant in Karlsruhe

is based on the Lurgi  -Ruhrgas
mixer reactor, previously
devoted to coal degassing or

heavy crude coking. The
intentional design of biomass
conversion was based on a
series of tests with several
types of straw and wood
conducted in relevant bench
scale plants of KIT and Lurgi
Lentjes, Frankfurt. The actual
flow scheme is depicted in
figure 2 above.

In the first plant section,
biomass is cut into particles
(e.g. straw reduced to below 1
cm of length) by atwo  -stage
cutting mill and pneumatically
fedtoa60m 2 silo for storage.
Up to 500 kg/h air dry

biomass (2 MW ) can be
removed from the silo and
charged to the reactor via a

bucket elevator and lock
hopper system admitted with
nitrogen as inert gas. Sand is
added compensating the
losses of heat carrier due to
degradation. In a recent test
the amount was found to be

Continued on page 10

AFast pyr
was chosen as

a most
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