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The IEA Bioenergy Task 34 for 
Pyrolysis has started up its work in 
the new triennium, from 2013 to 
2015. Current participants in the 
Task are Finland, Germany, 
Netherlands, Sweden and UK, with 
leadership provided by the USA. 
This newsletter is produced by the 
Task to stimulate the interaction of 
researchers with commercial 
entities in the field of biomass fast 
pyrolysis.  
 

Aims and 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.   
 
The following are the Priority 
Topics identified for the triennium 
by the Task: 
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¶ Review of bio-oil applications; 

¶ Bio-oil standardization; 

¶ Round Robin for analytical 
method development; 

¶ Technoeconomic assessment 
of thermochemical liquefaction 
technologies. 

 
 

In this issue  

There are several articles from the 
participants describing the latest 
developments in fast pyrolysis 
including from the Netherlands, the 
developments in 
hydrodeoxygenation of bio-oil and 
initial results from turbine testing 

(Continued on page 2) 

Task 34 National Team Leaders at task meeting held on 16-18 April 2013 at 

Karlsruhe Institute of Technology, Germany. See page 2 for their contact details. 
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Welcome 

..continued 

Members of IEA Bioenergy Task 34: 2013-2015 

with bio-oil; from Germany, the 
development of on-line 
measurements in fast pyrolysis and 
the Bioboost system; and from the 
USA we have contributions from 
Utah State, Washington and Maine 
Universities and from GTI 
describing their hydropyrolysis 
developments.   
 
In this issue we have additional 
contributions from Austria on the 
Biocrack process; from Canada, a 
note describing fast pyrolysis of 
milkweed residues; and from the 
UK, an article about work at Aston 
University. There is also an 
updated calendar of events of 
interest to the biomass pyrolysis 
community.  
 

 

 

 

 

 

USA  

Doug Elliott  
Pacific Northwest National 
Laboratory (PNNL) 
902 Battelle Boulevard  

P.O. Box 999 
Richland 

Washington, 99352  
USA 

T: +1 509 375 2248 
E: dougc.elliott@pnnl.gov 

 
 
 
 

In the past you may have seen the 
short introductory articles from the 
national team leaders from each of 
the participating countries 
summarizing the particular biomass 
pyrolysis efforts in their countries.  
These have been moved to direct 
links on our webpage - please use 
the tab for óDevelopmentsô for 
Country Report Updates.  

In addition, you may be interested 
to read the journal publication 
prepared by the task participants, 
ñState-of-the-Art of Fast Pyrolysis in 
IEA Bioenergy Member Countriesò 
by Dietrich Meier, Bert van de Beld, 
Tony Bridgwater, Doug Elliott, Anja 
Oasmaa, and Fernando Preto in 
Renewable and Sustainable 
Energy Reviews, 20, 619-641. 

 

Similarly, in the past we have 
included an overview of the latest 
Task meeting with information on 
the developments within each of 
the Priority Topics. These 
summaries will now be found on 
the website by using the óTask 34 
Meetingsô tab and linking to the 
relevant meetingôs Summary 
Minutes. We hope you find the 
website (www.pyne.co.uk) useful.   

 

Doug Elliott  

Task 34 Leader 

Germany  

Dietrich Meier 
Johann Heinrich von Th¿nen-Institut (vTI) Institute 
of Wood Technology and Wood Biology (HTB)
Leuschnerstr. 91, D-21031 Hamburg, GERMANY 
T: +49 40 73 962517  E: dietrich.meier@vti.bund.de 

Finland  

Anja Oasmaa 
VTT Technical Research Centre of Finland  
Liquid Biofuels 
Biologinkuja 3-5, P.O. Box 1000, Espoo, FIN02044 
VTT, FINLAND 
T: +358 20 722 5594  E: anja.oasmaa@vtt.fi 

UK  

Tony Bridgwater 
Aston University Bioenergy Research Group 
School of Engineering and Applied Science, 
Birmingham B4 7ET, UK 
T: +44 121 204 3381  E: a.v.bridgwater@aston.ac.uk 

 

Doug Elliott 

Task 34 Leader 

Netherlands  

Bert van de Beld 
BTG Biomass Technology Group BV 
Josink Esweg 34, 7545 PN  
NETHERLANDS 
T: +31 53 486 1186 E: vandebeld@btgworld.com 
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Sweden - to be announced shortly 
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Pyrolysis activities at the University of Maineôs 

Forest BioProduct Research Institute    

At the University of Maineôs Forest 
BioProduct Research Institute 
(FBRI), we are focused on 
developing new approaches to 
removing oxygen from biomass 
during the conversion process. Our 
particular focus is on developing 
processes that are robust and 
relatively simple, and on removing 
significant quantities of oxygen 
without using precious metal 
catalysts and elevated pressures. 
 
In our research team, we have 
recently discovered a breakthrough 
in concentrating biomass into liquid 
form while removing significant 
quantities of oxygen using a fast 
pyrolysis method. In our method, 
formate-assisted pyrolysis (FAsP), 
we add an alkaline-earth salt of 
formic acid to the feedstock. The 
formate thermally decomposes 
along with the biomass during 
processing, creating reactive 
hydrogen and carbon monoxide 
which remove oxygen from the 
biomass. In addition, and perhaps 
even more important, is the 
increase in yields we observe 
relative to competing processes.  
 
We believe this is due to the in-situ 
deoxyhydrogenation that stabilizes 
intermediate molecules which 
could either polymerize during 
pyrolysis or condense resulting in 
char formation. We have shown 

In the State of Maine, biomass is 
harvested in forests and used 
primarily by the pulp and paper 
industry. As a result, there are 
many opportunities to partner with 
harvesters and pulp and paper 
mills in biomass conversion 
technologies. One opportunity is to 
take advantage of existing 
harvesting operations and utilize 
forest thinnings and residues as a 
biomass source for pyrolysis to 
fuels and chemicals.   
 
For pyrolysis technologies to be 
successful, both capital and 
operating costs must be kept low, 
due to the relatively small scale of 
operations forced by the high cost 
of biomass transportation. Another 
challenge with pyrolysis 
technology, particularly in 
relationship to fuel production, is 
the removal of the large amount of 
oxygen in the biomass.   
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William DeSisto 

provides an 

overview of the 

formate -assisted 

pyrolysis method 

developed at the 

University of 

Maine, USA  

 

ôõôWe have recently 

discovered a 

breakthrough in 

concentrating 

biomass into liquid 

form while removing 

significant 

quantities of oxygen 

using a fast 

pyrolysis method.õ 

this for wood and for lignin, which 
is a notoriously recalcitrant 
byproduct of the pulping industry 
that is currently used as a fuel for 
process heat source.  
 
The new FAsP method has the 
potential to produce liquid 
hydrocarbons meeting target levels 
of less than 8% oxygen, higher 
heating values greater than 40 MJ/
kg, and overall energy yield greater 
than 40% of theoretical in the oil 
product, while avoiding expensive/
short-lifetime catalysts, hydrogen, 
and processing at excessive 
pressures. Because of its inherent 
robustness, FAsP is flexible 
regarding process scale and 
biomass specificity, both critical 
because biomass is less densely 
concentrated in nature than fossil 
fuels.   
 
In the FAsP method, calcium 
formate is mixed with biomass 
(lignin and pine sawdust) and 
pyrolyzed in a bench-scale, 
fluidized bed, fast pyrolysis reactor 
with a solid feed rate of 
approximately 0.5 kg/hr. Typical 
pyrolysis conditions include 
temperatures of ~500ÜC and 
residence times on the order of 1-5 
seconds. Solid char product that 
contained calcium carbonate was 
separated using a hot gas filter. 
Liquid was collected in a 
condenser and electrostatic 
precipitator in series. The liquid oil 
from FAsP separated from a less-
dense aqueous phase.  
 
Mass ratios of calcium formate to 
lignin ranged from 0.7-1.4 for 
lignin. In the liquid oil product, the 
O/C ratio was reduced from 0.19 
(fast pyrolysis without calcium 
formate) to 0.067 (with calcium 
formate), while the liquid product  
yield increased from 23 to 32.5 
wt%. Products identified by Gas 
Chromatography Mass 
Spectrometry (GC-MS) include a 
significant quantity of alkylated 
phenols. Carbon 13 Nuclear 
Magnetic Resonance (

13
C NMR) 

(Continued on page 4) 



Pyrolysis activities at University of Maine 

...continued 

formate salts (not formic acid) will 
be produced by using 
carbonylation of lime rather than by 
neutralizing formic acid which is 
commercially produced by 
hydrolysis of methyl formate.   

Conceptual integration of the 
calcium recovery cycle with 
gasification of FAsP byproducts is 
shown in Figure 1, and material 
balances indicate that sufficient 
carbon exists to provide the 
required calcium formate, 
therefore, eliminating the need to 
purchase formic acid. Interestingly, 
the process could take advantage 
of processes such as lime kilns 
and slakers which are common to 
pulp mills and biorefineries.  

Future directions of the work will 
include understanding fundamental 
reactions occurring during FAsP, 
as well as increasing the overall 
energy yield of the process. 

This work was supported by a 
Department of Energy/EPSCoR 
Grant DE-FG02-07ER46373. 

analysis indicated a significant 
reduction in methoxy/hydroxyl 
functionality, indicating that 
methoxy functionality from guaiacol
-like compounds was reduced 
during pyrolysis.  
 
Mass ratios of calcium formate to 
pine sawdust ranged from 0.11-
1.4. In the liquid oil product, the O/
C was reduced from 0.28 to 0.16 
upon addition of calcium formate to 
the feed. The energy yield in the 
FAsP pine sawdust oil was 33.2%. 
GC-MS analysis indicated major 
peaks for cyclopentanones and 
alkylated phenols.

13
C NMR 

indicated a significant reduction in 
methoxy/hydroxyl groups, similar to 
lignin FAsP oil.  
 
The key challenges to rapid 
commercialization of FAsP 
technology include optimizing liquid 
yields and compositions, verifying 
that minimal upgrading will be 
necessary for refinery insertion, 
and integrating formate salt 
production. We envision that 
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Contact  

William DeSisto 
Department of Chemical and 
Biological Engineering and Forest 
BioProduct Research Institute 
University of Maine  
Orono 
ME 04469 
USA 
 
T: +1 207 5811561 
E: WDeSisto@umche.maine.edu 
 
www.umaine.edu 

Figure 1: Conceptual flow diagram for production of calcium formate from pyrolysis residue. Char from FAsP can be 

gasified to produce carbon monoxide, which is then contacted with calcium hydroxide. Calcium hydroxide is 

regenerated by slaking calcium oxide, which is the resulting product of high temperature oxidation of calcium 

carbonate. 

mailto:WDeSisto@umche.maine.edu
http://www.umaine.edu


The BDI bioCRACK pilot plant at OMV refinery 

Schwechat 

refinery Schwechat is the first of its 
kind worldwide and converts solid 
biomass, such as wood chips and 
straw, directly into diesel fuel (see 
Figure 1). It is fully integrated into 
the existing plant and uses a 
refining by-product as heat carrier 
oil for underlying in the refinery 
liquid phase pyrolysis process.  
 
Figure 2 shows the concept for 
refinery integration. The key-
product - a raw fuel fraction - 
consists of cracked hydrocarbons 
and converted biomass. It contains 
a biogenic share in the range of 5 
to 20% and can be upgraded with 
existing refinery utilities into diesel 
fuel according to the EN590 
standard. An advantage of this 
process is that in the past heavy 
mineral oil was used mainly for the 
production of petrol, but now it can 
be used for the production of 
diesel, which is in strong demand, 
especially in Europe.  
 
The uncracked heavy oil fraction 
will go its conventional way to a 
fluidized catalytic cracking unit to 
be converted to gasoline and lower 
hydrocarbons. This stream 

BDI ï BioEnergy International AG 
is a market and technology leader 
in the construction of customized 
biodiesel plants using multi-
feedstock technology. In 2007, BDI 
started its research activities in the 
biomass-to-liquid area. The 
developed óbioCRACKô technology  
produces mineral diesel with 
renewable shares that can be 
easily upgraded to EN590 quality 
with existing refinery units. This 
concept fulfils two fundamental 
tasks: Producing diesel to meet the 
growing demand, while 
simultaneously increasing the 
biogenic share. Pyrolysis oil and 
bio-char are additional valuable by-
products of this unique conversion 
process. 
 
OMV and BDI - BioEnergy 
International AG have been jointly 
involved in the innovative 
bioCRACK pilot plant project since 
2009 (see Table 1). The 
bioCRACK pilot plant at the OMV 
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Peter Pucher of 

BDI summarises 

a joint venture 

with OMV in 

Austria  

Figure 1: The integrated pilot plant at OMV refinery Schwechat. 

contains renewable carbon from 
the biomass and will hence 
contribute to a more sustainable 
carbon balance of the refinery. 
Currently, the side products 
pyrolysis oil and biochar have no 
established way in the refinery 
integration concept. In cooperation 
with external research partners, 
BDI is currently investigating a 
further upgrade of this sustainable 
energy carrier to increase the 
percentage of renewable carbon to 
be transferred to value added 
products.  
 
Interested parties are welcome to 
test our pyrolysis oil - which is free 
of solids and poor in tars - in their 
upgrading facilities. 
 

Acknowledgement  

This project is funded by the 
Austrian Climate and Energy Fund 
as part of the óNew Energies 2020ô 
research and technology 
programme. The author would like 
to thank project partner OMV 
Refining and Marketing GmbH for 
their support. 

(Continued on page 6) 



The BDI bioCRACK pilot plant            

...continued 

Contact  

Peter Pucher 
BDI ï Bioenergy International AG 
Parkring 18 
8072 Grambach/Graz 
Austria 
 
T: +43 316 4009 1513 
E: peter.pucher@bdi-
bioenergy.com 
 
www.bdi-bioenergy.com 
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Figure 2: Process flow sheet of the bioCRACK refinery integration concept. 

Table 1:  Key facts and figures relating to the BDI bioCRACK pilot 

plant. 

Project Owner BDI - BioEnergy International AG 

Project Name bioCRACK 

Location (City, Country) Schwechat/Vienna 

Technology Thermochemical 

Raw Material Lignocellulosics 

Input Capacity 2.4 t/d 

Product(s) Raw diesel, bio-oil, bio-char 

Output Capacity in [t/a] 500 t/a raw diesel 

Facility Type Pilot 

Investment 7 million EUR 

Project Funding 2 million EUR 

Status Operational 

Start-up Year 2012 

mailto:peter.pucher@bdi-bioenergy.com
mailto:peter.pucher@bdi-bioenergy.com
http://www.bdi-bioenergy.com


Products from fast pyrolysis of beetle-killed 

trees 

industry sector, because it causes 
cracking of wood (checking), 
adversely affecting product quality, 
especially below 30% moisture. 
Checking becomes an issue for 
beetle-affected wood within 2 years 
of death

3
.  

 
The conversion of beetle-killed 
trees into bio-oil via fast pyrolysis 
presents an opportunity to reduce 
the volume of accumulated dead 
trees, avoiding a wildfire hazard 
while simultaneously producing a 
high-value product in the bio-oil. 
The dry, affected wood is an 
excellent feedstock for fast 
pyrolysis, since drying costs are 
minimized or even eliminated. Fast 
pyrolysis also produces biochar, 
which can be economically used 
on-site as a solid amendment. 
 
In addition, fast pyrolysis can 
essentially convert any form of 
biomass into bio-oil. The process is 
essentially feedstock agnostic and 
our working hypothesis is that the 
quality of the bio-oil product is not 
affected by the beetle attack to the 
wood.  

The mountain pine beetle (MPB, or 
Dendroctonus ponderosa) is one of 
the most damaging bark beetles 
attacking lodgepole pine (Pinus 
contorta var. latifolia). MPB 
inhabits areas in the north 
American continent that go from 
northern Mexico to north-western 
British Columbia in Canada, and 
from the Pacific Coast east to the 
Black Hills of South Dakota

1
. 

 
In recent years, drought, warmer 
winters and aging forest have led 
to a beetle epidemic with high 
levels of tree mortality, generating 
a fire hazard in forests within the 
USA and Canada. This epidemic 
has affected more than 4 million 
acres

2
.  

 
The most important characteristic 
of the trees attacked by the beetle 
are the loss of moisture over time. 
This is a concern to the solid-wood 
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Fernando Resende 

of the University of 

Washington, USA 

details the pyrolysis 

products identified 

at different stages 

of degradation of 

lodgepole pine  

Figure 1: Four stages of degradation of lodgepole pine. 

We are evaluating the fast 
pyrolysis products of lodgepole 
pine at four stages of degradation, 
as identified in Figure 1:   

¶ Green uninfected or minimally 
infected tree (LP); 

¶ Partially green terminally 
infected tree (BKLP1); 

¶ Standing dead with red needles 
and bark intact (BKLP2);  

¶ Standing dead with loss of small 
branches, no needles and some 
bark loss, two to four years after 
death (BKLP3).  

 
Figure 2 shows the chromatograms 
and top 20 pyrolysis products 
identified for the four stages of 
degradation. The main products 
are mequinol, 2-methoxy-p-
creosol, 2-methoxy-vinyl-4-phenol, 
and 2-methoxy-4-(1-propenyl)-
phenol.  Clearly, the attack of the 
beetle does not affect the pyrolysis 
products, even for trees that have 
been dead for years.  
 
An ablative bench-scale pyrolysis 
unit is currently being designed 

(Continued on page 8) 



Products from fast pyrolysis of beetle-killed 

trees...continued 

Contact  

Fernando Resende 
University of Washington 
Box 352100, Seattle, WA 98195 
USA 
 
T: +1 206 221 1580 
E: fresende@uw.edu 
 
http://depts.washington.edu/sfrbbl/ 
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No. Compound Formula 

1 Formic acid CH2O2 

2 2,3-dihydro-5-methyl-Furan C5H8O 

3 Furfural C5H4O2 

4 2-Furanmethanol C5H6O2 

5 2(5H) - Furanone C4H4O2 

6 1,2-Cyclopentanedione C5H6O2 

7 Phenol C6H6O 

8 ɓ-Phellandrene C10H16 

9 Mequinol C7H8O2 

10 2-methoxy-p-Creosol C8H10O2 

11 5-Hydroxymethylfurfural C6H6O3 

12 p-Ethylguaiacol C9H12O2 

13 2-Methoxy-4-vinylphenol C9H10O2 

14 Eugenol C10H12O2 

15 Vanillin C8H8O3 

16 1,6-anhydro-ɓ-D-Glucopyranose C6H10O5 

17 2-methoxy-4-(1-propenyl)- Phenol C10H12O2 

18 1,6-Anhydro-ɓ-D-talopyranose C6H10O5 

19 2-Ethoxy-6-(methoxymethyl)phenol C10H14O3 

20 ɔ-Hydroxyisoeugen  C10H12O3 

and will be constructed in our 
laboratory during the second half of 
2013. Ablative units do not require 
grinding of wood particles to very 
small particle sizes, and are an 
excellent option for small scale 
reactors such as mobile units. The 
use of mobile pyrolysis units that 
can convert wood into bio-oil on-
site is essential to make fast 
pyrolysis an economically viable 
option to dispose beetle-killed 
trees. Our approach will allow 
evaluation of the feasibility of 
mobile ablative pyrolysis units for 
the conversion of beetle-killed 
trees into bio-oil.  
 

Support  

This research is supported by the 
National Institute of Food and 
Agriculture (NIFA) of the US 
Department of Agriculture (USDA), 
under Award Number 2012-34638-
2020. 
 

Figure 2: Fast pyrolysis products of affected lodgepole pine.   

mailto:fresende@uw.edu
http://depts.washington.edu/sfrbbl/


Direct production of gasoline and diesel from 

biomass using Integrated Hydropyrolysis and 

Hydroconversion (IH
2
)  

GTI is testing a new process called 
IH
2
 to directly produce gasoline 

and diesel blending components 
from biomass. The IH

2
 process 

used a first stage catalytic 
hydropyrolysis step integrated with 
a second stage hydroconversion 
step. This combination directly 
produces high quality hydrocarbon 
gasoline and diesel blending 
components. The hydrogen 
required for the IH

2
 process is 

produced by reforming the C1-C3 
products so no supplementary 
hydrogen is required. The IH

2
 

integrated process schematic is 
shown in Figure 1. 
 
Initial economic analyses suggest 
that the IH

2 
process has excellent 

economics and greenhouse gas 
reduction, and is an improvement 
compared to pyrolysis plus 
upgrading for producing 
transportation fuels from biomass.  
 
The first stage catalytic 
hydropyrolysis step converts the 
biomass to hydrocarbons in a 
fluidized bed of catalyst under 
hydrogen pressure of 20 to 35 bar 
and temperatures of 370 to 475ÁC. 
Catalytic hydropyrolysis removes 
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Terry Marker of the  

Gas Technology 

Institute (GTI) in 

USA  
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into a new process 

known as IH
2

 

Figure 1: IH
2 
system schematic, showing the overall process flow. 

80-90% of the biomass oxygen as 
water and COX, while minimizing 
undesirable acid-catalyzed 
polymerization, aromatization, and 
coking reactions which occur 
during standard fast pyrolysis. The 
second stage fixed bed 
hydroconversion reactorthen 
removes the remaining oxygen and 
converts the product to high quality 
hydrocarbon products. 
 
Initial experiments had been 
conducted in a small scale mini 
bench unit (MBU) which feeds 1 lb/
hr of biomass over a period of 3-6 
hours. In 2012, IH

2
 testing was 

moved to a 50 kg/day continuous 
IH
2 
pilot plant. A schematic diagram 

of the IH
2
 pilot plant is shown in 

Figure 2 and the actual pilot plant 
is shown in Figure 3.  
 
The IH

2 
50 kg/d continuous pilot 

plant produced similar yields and 
product quality to that found in the 
small scale testing.  
 
Data from 750 hours of IH

2
 pilot 

plant testing is shown in Figure 4.  
 
The hydrocarbon liquid yields and 

(Continued on page 11) 

ôõôIH
2 

makes high 

quality hydrocarbon 

fuels from biomass 

economically and 

directly. Testing at 

the 50 kg/d scale 

has been very 

successful, so we 

expect to take the 

next step to 

demonstration scale 

soon.õ 



Integrated Hydropyrolysis and Hydroconversion 

(IH
2
)...continued 
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Figure 2: Schematic of GTIôs 50 kg/day IH
2
 pilot plant.  

Figure 3: GTIôs 50 kg/day IH
2 
pilot plant. 



Integrated Hydropyrolysis and Hydroconversion 

(IH
2
)...continued 
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Figure 4: Continuous pilot plant yields and quality from GTI 50 kg/day pilot 

plant.  

quality remained high and steady  
throughout the test. A picture of the 
products produced from the pilot 
plant is shown in Figure 5. 
Throughout the test the oxygen in 
the hydrocarbon product was less 
than 1% and the Total Acid 
Number (TAN) of the hydrocarbons 
was less than one.  
 
The liquid hydrocarbon products  
from the pilot plant were in the 
gasoline and diesel range. As 
shown in Figure 6.  
 
The IH

2
 hydrocarbon product was 

fractionated into gasoline and 
diesel cuts. The gasoline cut is 
almost at ñdrop inò quality and has 
a high octane of 86. The diesel can 
be used as a blending component 
or further upgraded to improve its 
cetane number.  
 
The IH

2
 project was funded through 

DOE project DE-EE0002873 and 
DE-EE0004390. Other IH

2
 DOE 

project partners include CRI 
Catalyst, Cargill, Johnson Timber, 
Aquaflow, Blue Marble Energy, 
NREL and MTU. 
 
 

Contact  

Terry Marker 
Gas Technology Institute 
1700 S Mount Prospect Road 
Des Plaines Il 60018 
USA 
 
T: +1 847 544 3491 
E: terry.marker@gastechnology. 
org 
 
www.gastechnology.org 

Figure 5: IH
2
 pilot plant product. Liquid products collected from continuous 

IH
2
-50 testing with wood. 

Figure 6: Boiling point distribution of the IH
2
 product. 

mailto:terry.marker@gastechnology.
mailto:terry.marker@gastechnology.
http://www.gastechnology.org


Application of pyrolysis oil in the OP16 gas 

turbine ï feasibility study 

OPRA Turbines develops, 
manufactures, markets and 
maintains generator sets in the 2 
MW power range using the OP16 
series of gas turbines. The OP16 
gas turbine, shown in Figure 1, is 
of an all-radial design, which 
provides robustness, reliability and 
highest efficiency in its class. A key 
feature of the OP16 gas turbine is 
the ability to utilize a wide range of 
fuels.  
 
As part of OPRAôs continuous 
effort to extend the fuel capability 
of the OP16, an R&D project was 
initiated focusing on utilizing 
pyrolysis oil. The overall aim of the 
R&D project was to develop a 
combustor suitable for efficient 
combustion of pyrolysis oil. The 
higher viscosity, lower energy 
density and limited chemical 
stability of the pyrolysis oil require 
different fuel handling compared to 
conventional liquid fuels. This 
article will present the initial phase 
of this R&D project - a feasibility 
study consisting of several test 
campaigns performed in OPRAôs 
atmospheric combustor test rig. As 
a fuel for the experimental work 
pyrolysis oil from pine wood, 
provided by BTG Bioliquids BV, 
was used.  

   IEA Bioenergy Agreement Task 34 Newsletter ð PyNe 33 Page 12 

An overview by  

Martin Beran (above) 

and Lars -Uno 

Axelsson (below)  

of OPRA Turbines in 

the Netherlands  

Figure 1: The OP16 gas turbine. 

Test set -up  

The properties of the pyrolysis oil 
used for the experimental 
investigation are provided in Table 
1. The properties of diesel No. 2, 
which is a common liquid fuel for 
gas turbines, are included for 
reference. Due to the higher 
viscosity of the pyrolysis oil, a 
pintle airblast nozzle, designed by 
OPRA, was selected as the fuel 
injector. 
 
The pintle airblast nozzle can 
handle liquid fuels with higher 
kinematic viscosity than a standard 
pressure nozzle. A major 
advantage of the pintle airblast 
nozzle is that it works with the 
pressure difference caused by the 
pressure loss across the 
combustor flame tube. This means 
that a pintle airblast nozzle does 
not need any external source of air 
or steam.  
 
The OP16-3A gas turbine 
conventional combustor working in 
diffusion mode was used for the 
experiments. A benefit of this 
combustor is that the flame tube is 
very flexible for changes related to 
the effective flame tube area and 
the air split across the combustor. 

(Continued on page 13) 



Application of pyrolysis oil in the OP16 gas 

turbine...continued 

composition, especially the large 
amount of dilutants associated with 
the pyrolysis oil, the residence time 
for pyrolysis oil is longer than for 
fossil fuels. From the initial tests it 
became clear that the required 
combustor outlet temperature 
could not be reached. 
 
The unburned fuel resulting from 
incomplete combustion formed 
sediment on the flame tube inner 
wall and in the exhaust duct. 
Based on the test results from this 
configuration, the combustor 
geometry was adjusted and an 
optimized geometry was found.  
To simulate the effect of a larger 
volume the effective area of the 
flame tube and the amount of air 
entering the combustor were 
decreased.  
 
The pressure loss of the combustor 
is an important parameter 
governing the mixing process and 
the function of the airblast 
atomizer. Therefore, it was 

Hence, with this flexibility the 
optimum condition for pyrolysis oil 
burning can be relatively easily 
defined with respect to the 
combustor loading. The combustor 
loading is an important parameter 
since it is closely related to the 
emission figures and combustion 
efficiency. The OP16-3A 
conventional combustor was 
adjusted in several steps to find the 
optimal configuration for pyrolysis 
oil burning.  

 

Results from the tests  

The first test was performed with 
the standard flame tube and 
without fuel pre-heating. The 
purpose of this test was to 
establish a baseline data set for 
further research. With the standard 
configuration it was found to be 
possible to keep a stable 
combustion process with a mixture 
of 25% pyrolysis oil and 75% 
ethanol. The residence time is 
related to the combustor volume. 
Due to the differences in fuel 
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Figure 2: Flame tube interior.  

Left: Original flame tube. The sediments on the walls are clearly visible. 

Right: Optimized flame tube. Note the clean flame tube without any 

sediment. 

important to decrease the effective 
combustor area and air mass flow 
to maintain the same pressure loss 
as the original combustor. By 
decreasing the effective flame tube 
area and the inlet air mass flow, a 
significantly longer residence time 
was achieved. A significant 
improvement of the flame stability 
was achieved and no unburned 
fuel in the exhaust duct was 
observed. Due to the decrease of 
the combustor loading the full load 
condition was reached.  
 
Furthermore, it was found that with 
between 70% to 100% load, it is 
possible to burn 100% pyrolysis oil 
without the need of mixing it with 
ethanol. Based on this research, 
OPRA has been able to design a 
new combustor for burning 
pyrolysis oil and other low-calorific 
fuels. The new combustor is large 
enough to provide sufficient 
residence time for complete 
combustion of the pyrolysis oil.  
 
The financial support provided for 
this research by the province of 
Overijssel, the Netherlands is 
gratefully acknowledged. 
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Property Pyrolysis oil Diesel No. 2  

Density at 15ÁC [kg/m3] 1150 840   

Low Heating Value [MJ/kg] 18.7 42.7 

Viscosity at 38ÁC [cSt] 17 1.9-4.1 

Polymerization temperature [ÁC] 140 N/A 

pH 2.5 4 to 7 

Table 1: Comparison between pyrolysis oil and diesel No. 2. 
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BioBoost ï biomass based energy intermediates 

boosting bio-fuel production 

Objectives  

The overall objective of this project 
is to pave the way for de-central 
conversion of biomass to 
optimised, high energy density 
carriers, which can be utilised 
either in large scale applications for 
the synthesis of transportation fuel 
and chemicals or directly in small-
scale combined heat and power 
(CHP) plants. 
 
Concept  
BioBoost studies the conversion 
technologies Fast Pyrolysis (FP), 
Catalytic Pyrolysis (CP) and 
Hydrothermal Carbonisation 
(HTC). Together, these 
technologies enable the flexible 
use of a wide range of biomass 
including wet, grassy and ash-rich 
feedstock, focusing on residues 
and waste as sources for 
bioenergy generation. These 
technologies offer various de-
central conversion capabilities for 
the production of bio-oil, -char and 
-coal. FP and HTC plants in pilot 
size of 0.5-1 t/h are available within 
this project. Prior to the energetic 
use valuable chemicals like 
phenols or food flavourings from 
FP and CP, fertilisers and furfural 
from the HTC process are 
extracted as valuable side 
products. 
 
The energy carrier may be 
transported to further use either ñas 
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Figure 1: Overview of conversion routes to fuels and chemicals. 

producedò (oil, char, coal) or further 
processed to e.g. oil/char slurries 
or pellets and other suitable forms. 
BioBoost develops the best energy 
carrier regarding the mode of 
transportation, respective 
infrastructure, cargo handling, 
safety and economy. Among 
different sectors of application, all 
conversion products have been 
proven to be well suited for 
gasification and production of 
synthetic transportation fuels.  
 
However, a respective central 
gasification facility has a high 
feedstock demand requiring a 
developed energy carrier market. 
Therefore, a market 
implementation plan is developed. 
In the ramping phase it proposes 
the use of energy carriers in 
available applications of the heat 
and power sector (CHP) or 
refineries. Later, a gasification 
plant would be phased into a 
developed bioenergy carrier 
market according to its economic 
and technical performance (Figure 
1). 
  

Overall strategy and work 

plan  

The project comprising seven work 
packages addresses the complete 
value chains from feedstock 
potential, conversion processes, 
optimisation of transport and 
logistics to the exploitation of the 
energy carrier and its by-products. 
The techno/economic and 
environmental assessment 
integrates the complete supply 
chain (Figure 2).  
 
During the first year the technical 
processes were defined and 
investigated. The feedstock 
potential has been determined, the 
procedures of the socio-economic 
and environmental assessment 
were defined and the logistics 
model was built up. First results 
are expected in the third quarter of 
2013. 
 

(Continued on page 15) 
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