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Programme 
 

Wednesday, 4 November 2009: Field trip  

 

From Topic 

7:00  Travel to Beverly Greenhouse (1.5 hours)  

8:30  Visit to Beverly Greenhouse where biomass is used as fuel  

10:00  Travel Drive to Nanticoke (1 hr) 

11:00  Nanticoke GS (lunch and boardroom meeting) 

12:30  Tour of Nanticoke GS 

14:00  Drive to Niagara Falls (60 km / 1 hour)  

15:00  Niagara Falls site seeing  

16:00  Drive to Niagara on the Lake (24km / 30 min)  

20:00 Task dinner, Hillebrand Winery 

 

Thursday, 5 November 2009: NRCAN visit 
 
From Topic 

07:00  Travel to NRCAN laboratories, Ottawa 

14:30  CanmetENERGY lab Ottawa  

18:00  End of site visit 
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Friday, 6 November 2009: Task meeting and field trip  
Location of task meeting, Lord Elgin Hotel, Ottawa 

From Topic 

08:30 Opening, news from IEA Bioenergy ExCo  

08:45 Report of last meeting 

08:50 Workplan for next triennium and specific proposals for items under workplan  

10:00 Refreshment Break 

10:30 Pellet Handbook 

11:15 Short country reports  

12:15 Next meetings 

12:30 Closing of Task meeting 

12:30  Drive to Papineauville, QC (90 km / 1.5 hr)  

14:00   Visit to Lauzon Wood Pellet plant  

15:30  Back to Ottawa (90 km / 1.5 hr)  
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Wednesday, 4 November 2009: Field trip 

 

Beverly Greenhouses 

A visit was made to the Beverly Greenhouses, which comprise of 2 sites of each approx 3 ha. 

The situation was explained by mr Van der Hout, owner of Beverly Greenhouses, and Shalin 

Khosla, Greenhouse vegetable specialist of the Ministry of Agriculture, Food and Rural 

Affairs.  

 

Both sites have a peak head demand of 6 MWth, which would normally be delivered using 

natural gas fired boilers, in this case however with wood boilers that both consume 4 to 5 

thousand tons of waste wood (mainly chipped pallets) per year. The wood is brought to the 

site in chipped form, in other cases wood is chipped on-site at the greenhouse. 

 

The site visited comprises a 6 MW fixed be underfeed stoker, made by Boilersmith (a 

Canadian boiler maker) and a 1000 m
3
 heat buffer, used to stabilise the heat load.  

 

A good summary of the situation with regard to the use of biomass in greenhouses in Ontario 

is included in Annex 1. A national research programme is currently being performed to 

examine the impact of 35 greenhouses that burn biomass for heating, considering efficiencies, 

emissions etc. It is estimated that approx 15% of all vegetable greenhouses are currently 

heated with biomass, against 85% natural gas, and less than one percent of heating oil as 

backup fuel. This biomass fraction is however increasing because of the attractive fuel price 

(some 4 CAN$/GJ for biomass compared to 8-9 CAN$/GJ for natural gas). The main biomass 

fuel is clean wood residues. In anticipation of the increased demand for biomass from 

Nanticoke power station (see below), biomass price are expected to increase. Energy crops 

such as Miscanthus and Switchgrass are also considered, but the price and amount required 

(60-120 ha of energy crop per ha of greenhouse) are currently prohibitive. Apart from the 

difference in commercial fuel prices, there is no incentive to promote the use of biomass for 

heating greenhouses. It also seems impossible to raise the product price to valorise the lower 

carbon footprint for growing crops.  

 

Nanticoke GS 

In the afternoon of Nov 4, Task 32 visited the Nanticoke operating station of Ontario Power 

Generation. OPG operates a number coal fired power plants in Ontario province, of which 

Nanticoke pulverised coal fired power plant (built in 1968-1971) is the largest of Northern 

America with 4000 MWe. Nanticoke currently uses low-sulphur river basin coal. 2 of the 8 

units are equipped with SCR.  

 

The provincial government of Ontario has issued a directive to stop the use of coal in Ontario 

completely by the 2014. OPG expects that by the end of 2010, 2 of the 8 coal units at 

Nanticoke will shut down, and 2 at Lambton GS. The remaining coal units will continue to 

generate electricity as needed until the end of 2014 (coal-cessation date).  

 

On the basis of two presentations by Susan Thurston of OPG and Jaap Koppejan of Task 32 

(see Annex 2 and Annex 3), the current situation and considerations for adaptation to the new 
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situation were discussed with Susan Thurston, Les Marshall, Ron Wilson and Allan Arnott of 

OPG. 

 

The current plan is to start using biomass in Nanticoke to a maximum extend, if possible 

100% in the remaining 6 units. However, with a fuel demand of 0.6 Mton of wood pellets per 

TWhe and an annual production of 25 TWhe using coal in 2008, the conversion from coal to 

wood pellets is clearly fuel limited as it will require several millions of tons of biomass, which 

are currently not available. A dedicated supply infrastructure needs to be set up for this 

purpose, and the price of biomass (also for other demands) is expected to significantly 

increase. This may imply that in addition to wood pellets, energy crops such as miscanthus, 

switchgrass, and willow as well as agriresidues (corn stover and soy bean stover) will be used, 

if there are substantial GHG benefits and indirect GHG effects are acceptable. The biomass 

fuel needs to meet the UNFCC definition of renewable, not be designated as waste and come 

from Ontario. In order to replace coal by biomass to the extent anticipated, the price of 

renewable electricity needs to significantly increase as well. Several other questions are 

currently being addressed, such as the safety aspects of large scale biomass handling and 

future options for the use of fly-ash (all fly ash is now used for cement production in Michigan 

state, however fly-ash from biomass has somewhat different properties). 

 

OPG is currently performing engineering studies for Nanticoke. It expects to finish fuel 

purchase contracts in 2010 and the PPA and plant modification in 2011, so that the first 

converted unit can start operating from 2013.  

 

Apart from Nanticoke, OPG is currently preparing for the conversion of Atikokan to biomass. 

Engineering studies were done in 2009, as well as a fuel RFP. The required contracts for 

power purchase, fuel supply and plant modifications should be in place in 2010, so that first 

biomass deliveries are in 2012. Soon, the Lambton and Thunder Bay GS will follow. 
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Thursday, 5 November 2009: Field Trip  
 

CanmetENERGY lab visit 

In the afternoon of 5 Nov, a visit was made to CanmetENERGY labs. Below is a summary of 

the presentations given in the introductory session. Afterwards, the laboratories were visited. 

 

Introduction to NRCAN Energy Lab, John Marrone 

John Marrone, Director General of CanmetENERGY in Ottawa presented the background and 

activities of Canmet Energy. See Annex 4 for his presentation.  

 

With 3 laboratories, an annual budget of approx 80 million CAN$  and over 300 technical 

staff, CanmetENERGY is Canada’s national centre for energy science and technology and the 

Government of Canada’s technical resource for energy-related decision-making. Ottawa is the 

largest CanmetENERGY location.  

 

The 2020 targets for Canada are 90% non-emitting electricity production and 20% GHG 

reduction as compared to 2006. Various options are being developed, varying from zero-

emission vehicles and more energy efficient buildings to cleaner energy production 

technologies such as marine energy, wind and bioenergy.  

 

Biomass Combustion and Co-firing Activities at Natural Resources Canada, Irene Coyle 

Irene Coyle of the Industrial Innovation Group of CanmetENERGY presented the activities of 

NRCAN in the area of thermal conversion of biomass, see Annex 5. At CanmetENERGY, 

R&D is done on various thermal conversion options (combustion, gasification and pyrolysis), 

both for residential, agricultural (greenhouse) and industrial applications.  

 

CanmetENERGY avails of various combustion pilot plants where various biomass fuels (such 

as agriresidues) can be tested for combustion characteristics, such as a 1 MWth moving grate 

furnace, a 1 MWth fluid bed combustor, a smaller CFBC pilot plant and a test facility for 

domestic wood stoves. Research is often done for or with industries and local or central 

government organisations. In the area of flash pyrolysis, CanmetENERGY works together 

with various industries (Ensyn, Dynamotive and others) to test both the production and use of 

flash pyrolysis oil. CanmetENERGY is also strongly involved in the development of new 

technical standards and emission limits through various projects.  

 

 

Pyrolysis, Peter Fransham 

Peter Fransham of Advanced BioRefinery Inc. presented the status of the pyrolysis technology 

of ABR. In the technology, a steel shot is circulated using augers instead of more energy-

intensive compressed-air blowers. The charcoal (up to 40% of dry biomass) is separated from 

the condensable vapours (up to 60% of dry biomass) and recycled as fuel for powering the 

system and pre-drying the biomass, which can contain up to 50 percent water. At 

CanmetENERGY, a pilot plant of ABRI is in operation. 
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Task 32 meeting, Friday 6 November, 2009 

 

Opening, news from IEA Bioenergy ExCo  

Sjaak van Loo welcomed everyone to the final meeting of IEA Bioenergy Task 32 in the 

triennium 2007-2009, which took place in the Lord Elgin Hotel in Ottawa, Canada. Since all 

other planned activities for the current triennium were finalised, this task meeting was 

combined only with a field trip to relevant combustion based projects in the area. Practical 

arrangements were made by Sebnem Madrali, Shannon Simpson and Jaap Koppejan.  

 

6 member countries were represented at this task meeting. In addition, there were 5 observers 

present at the task meeting (see page 8). The overhead sheets used by Sjaak van Loo to present 

several issues on the agenda of this task meeting are included as Annex 6.  

 

Sjaak van Loo reported on the results of the ExCo 64, held 2 Oct 2009 in Liege, Belgium. The 

ExCo meeting was preceded by a workshop on recent R&D in algae.  

 

The IEA secretariat has positively evaluated the performance of the Bioenergy Implementing 

Agreement and again extended operation of the IA with several years.   

 

At ExCo64, Jaap Koppejan presented the workplan for the next triennium, which was 

modified using some comments of individual ExCo members. An important comment from 

Finland and Switzerland was that overlap with the Fluid Bed Implementing Agremeent and 

the Combustion Implementing Agreement should be avoided. It was therefore decided to 

enhance the collaboration with these IA’s on fluid bed combustion and aerosols, respectively, 

as well as with other industrial groups such as VGB Powertech. The ExCo asked specifically 

that collaboration with these groups will be part of the future task progress reports, and that 

task reports to ExCo should be made more technical instead of administrative.  

 

The ExCo 64 meeting meeting was also important for Task 32, since the member countries of 

the Implementing Agremeement confirmed their participation in the several tasks in the next 

triennium. The following 14 member countries will participate in the next triennium: 

Austria 

Canada 

Denmark 

Finland 

Germany 

Ireland (new) 

Italy 

Korea (new) 

Netherlands 

Norway 

Sweden 

Switzerland 

Turkey (new) 

UK 

 

From the above countries, Korea and Turkey will first need to become a formal member of the 

Bioenergy Agreement through the secretariat in Paris. Once this is arranged, Korea will 

participate from 2011 onwards, and Turkey from 2010 onwards. Ireland is a new member 

country as well. Australia and current member Belgium did not yet take a decision as of Oct 

2009, it is hoped that membership in Task 32 will soon follow. The EC left Task 32 as a 

member. 

 

For the current triennium, all activities in the workplan have been implemented, except for  

• the handbook on pellet production and utilisation (expected March 2010, mainly due 

to delayed contributions) 
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• a technical paper on corrosion and slagging and fouling experiences in biomass 

cofiring  (expected Feb 2010) 

 

Report of last meeting 

The minutes from the last meeting were endorsed without additional comments. It was 

commented that in future, draft minutes should be distributed within 6 weeks after the 

meeting. 

Workplan for next triennium and specific proposals for items under 
workplan  

The workplan for the next triennium activity structure was presented by Jaap Koppejan. A 

number of suggestions were received to support or implement specific activities in the 

workplan. 

 

Aerosols workshop 

A proposal for an aerosol workshop was submitted by Ingwald Obernberger and presented 

during the meeting. It was decided that a decision about this will be postponed, awaiting a 

reaction from the IEA Combustion Implementing Agreement for a joint meeting. 

 

Evaluation of small-scale particle removal technologies 

A second proposal submitted by Ingwald Obernberger and presented during the meeting was 

for an evaluation of the performance of a review of innovative small scale particle filters that 

are currently under development. Within the project, input could be specifically delivered by 

Norway, Sweden, Finland, Germany and Denmark.  

 

Workshop on challenging biomass fuels 

A workshop on the use of challenging biofuels is planned to be organised as part of one of the 

larger bioenergy conferences. It was decided to try to organise this workshop in coincidence 

with the European Bioenergy Conference in Lyon. 

 

Technical evaluation of suitability of torrefied fuels for different appliances 

Several task members wish to contribute to the ‘Technical evaluation of suitability of torrefied 

fuels for different appliances’. For this activity, it is proposed to produce a status report of 

different torrefaction processes currently being developed. It was mentioned that such an 

evaluation should provide an overview/review of characteristics of torrefaction processes 

(energy and mass balances, costs) and products (grindability, heating value, ash behaviour, 

etc), the companies involved, a system perspective and limitations/uncertainties about the 

individual processes. An important input could be the review of torrefaction processes that 

was recently prepared for the Forest Product Association by Fernando Preto of CANMET. It 

was therefore agreed by Sebnem Madrali that she could coordinate this activity, starting by 

drafting a proposal outline to organize this work.  Other relevant information could be 

contributed by at least Netherlands, Denmark, Italy, Austria, and Sweden.  

 

Technical overview on safety issues in fuel storage, handling and preparation 

In the Pellet Handbook that is currently under preparation, a section is included that could act 

as a good start for this overview. It could be expanded with industry guidelines (Material 

Safety and Data Sheets) for safe handling and storage of biomass fuels, and the detailed study 

from Ontario Power Generation that was recently performed. Additional information could be 
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obtained from other working groups (such as VGB). SP has performed studies on the 

mechanism of auto-ignition of pellet storages.  

 

Workshop on small scale CHP technologies 

This workshop could possibly be organised in the second half of 2010 in Denmark, in 

conjunction with a task meeting. It was mentioned that this workshop should also included 

biomass gasification based CHP concepts. It was also suggested to investigate options to make 

this WS joint with task 33. 

 

Utilisation of ash 

KEMA has submitted a proposal to prepare a good review paper on ash utilisation options. 

Good expertise is available on the use of fly ash and bottom ash from coal fired power plants. 

Austria and Germany could provide input for the use of ash from clean biomass combustion 

as fertilizer in forests.  

Pellet Handbook 

Ingwald Obernberger presented the progress made with the Pellet Handbook. The manuscript 

is currently available as a first draft, with about 500 pages and has received very good 

reactions – several Task members expressed that they acknowledge the high technical and 

scientific quality and comprehensiveness of the handbook   

 

Task 40 and 31 have provided good inputs that can be almost directly implemented. The input 

of task 29 still needs thorough editing, this is currently being discussed with the Task 29 

leader. Other issues to be addressed are: 

- The torrefaction section will be edited by ECN 

- The Swedish concept of a pellet burner needs to be better described as a case study 

- Everyone is asked to submit good quality original diagrams 

- The cofiring section is not yet well structured, Bill Livingston will be asked to review this 

particular section.  

 

It was agreed that comments can be submitted until 31 Dec 2009, so that it can go to the 

publisher by the end of February 2010. This means that the book will be available in print by 

summer 2010.  

Short country reports  

Various member countries shared the highlights on biomass combustion, the result is shown 

below. 

 

Denmark 

In Denmark, the implementation of the European Renewable Energy Directive is now creating 

interest at policy level. A main limitation is in the availability of renewable energy resources 

(particular biomass).  

2
nd

 generation bioethanol production is now under pressure since a negative LCA was 

published.  

There is significant interest in production of algae, however there are still an lot of 

uncertainties to be addressed. 
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Netherlands 

New emission limits are being introduced for bioenergy in the Netherlands for biomass 

combustion plants larger than 1 MWth. Biomass combustion plants between 1 and 5 MW will 

need to comply with a dust emission level of 20 mg/m
3
 and NOx emission of 200 mg/m

3
, both 

at 6% O2. Installations from 5-50 MW, these limits are 5 and 100 mg/m
3
, respectively. This 

implies that in all cases, an ESP or bagfilter will be required. These emission limits are 

significantly lower than originally announced, as a result of strong protests in a market 

consultation. Combustion plants smaller than 1 MW are not affected by this new regulation. 

 

As for other EU countries, the Netherlands has to prepare a national action plan to show the 

European Commission how it will comply with the set targets for renewable energy (14% of 

final energy). As part of this procedure, the expected availability of biomass from the 

Netherlands for power and heat generation unto 2020 was recently estimated to be between 

90-150 PJ of final energy, which is equivalent to approx 3.5-5% of final energy consumption. 

This implies that a lot of biomass will need to be imported, the majority being for cofiring  

 

Canada 

The country report for Canada is enclosed as Annex 10.  

 

On a national level, the climate change action plan aims at a reduction of GHG emissions by 

20% in 2020 as compared to 2006, and 90% non-emitting sources in 2020. For this purpose, 

the Clean Energy Fund provides 1 billion Can$ for R&D&D. A first call for proposals with 

submission deadline of sept 2009 resulted in 178 proposals with total requested budget of 1.7 

billion CAN$.  

 

The minister responsible for NRCAN announced three roundtables to dialogue on how to 

most optimally support and advance renewable power, renewable energy technologies and 

Integrated Community Energy Systems (ICES) in Canada. Results are expected in Dec 2009. 

Another important federal initiative is a 1 billion CAN$ programme for the pulp and paper 

industries to promote energy efficiency and use of black liquor.   

 

On a provincial level, some highlights are: 

- In British Columbia, a number of demonstration projects for fuel switching and energy 

efficiency were supported by the provincial government.  

- In Ontario, a Green Energy Act provides attractive feed-in rates for small biomass power 

generation systems, fixed and guaranteed for 20 years. This is now the approach in Ontario 

to incorporating renewable energy into the grid is shown. See the slide in Annex 10 and 

http://fit.powerauthority.on.ca for details.  

 

The public review for a national quality standard for wood combustion (CSA B415) was 

performed in Sept 2009, targeted date for publication is now early 2010.  

 

In March 2010, the Growing the Margins and Biogas conferences are again planned, see the 

call for abstracts at http://www.gtmconference.ca/site/. There is a bioenergy networking forum 

the day before the conference, and professionals from Europe are encouraged to participate. 

 

Doug Campbell from Nova Scotia Power updated the task members on the trials in burning 

biomass. Cofiring is also important at NSPI, which aims at 10% fuel substitution in its 7 PC 

http://fit.powerauthority.on.ca/
http://www.gtmconference.ca/site/
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boilers, and 20% in a CFB boiler. For the CFB boiler, fuel specs are currently being defined 

using pilot plant trials with various low grade biomass fuels at Canmet.  

 

Italy  

The country report for Italy, presented by Silvia Lattanzi, is enclosed as Annex 8.  

 

The use of biomass based power generation has increased significantly over the past few 

years, starting from zero to approx 6 TWh in the last 10 years. There are about 45 dedicated 

biomass power plants with average size of 10 MW that generate about 2.7 TWh of this. The 

remainder is almost equally divided between anaerobic digestors and MSW incinerators.  

 

Green electricity production is promoted in Italy using a Green Certificates trading scheme for 

plants > 1 MWe, in which 1 MWhe certificates are tradable. The value is defined as the 

difference between 180 Euro/MWh and an annual average price for base electricity, multiplied 

with a correction factor that varies between the different renewable energy options. Individual 

plants can receive GEC’s for 8-15 years, depending on plant type and age.  For plants smaller 

than 1 MWe, an attractive fixed feed in tariff applies for 15 years. Small biomass CHP plants 

based on clean biomass can receive a feed in rate up to 0.30 €/kWh.  

 

ENEL is a number of dedicated and cofiring biomass power plants: 

- The 35 MWe MERCURE dedicated biomass power plant in Southern Italy is not in 

operation because of authorisation problems.   

- The SULCIS CFB power plant of 340 MWe now burns approx 115 ktons of biomass, 

representing 8% of fuel demand.  

- The FUSINA pulverised coal fired power plant of 320 MWe, currently cofiring approx 70 

ktons of RDF, representing 5% of fuel input.  

 

Sweden 

Claes Tullin presented the country report for Sweden, see Annex 9. Under the EU Renewable 

Energy Directive, Sweden has an ambitious goal of 50% renewable energy.  

 

Strategic R&D&D funding in Sweden for energy related topics is increasing steadily, to over 

1400 MSEK (approx 140 M€) in 2009. It is expected that some important strategic research 

will be carried out by Chalmers Energy Initiative, Chalmers (58 MSEK/year), Bio4Energy, 

Umeå University, Luleå University, SLU (50 MSEK/year) and StandUp, Uppsala (52 

MSEK/year). Some 875 MSEK is requested for a number of new technologies (both 

bioenergy related as well as other renewable energy sources) that are currently in the 

commercialisation stage and picked up by commercial organisations.  

 

Under the Swedish Energy Agency, a new funding programme for fuels and small-scale 

combustion is under planning. Other relevant R&D efforts are on boiler materials 

development, health and safety aspects of fuel handling and storage and a follow up of the 

earlier waste refinery project. 

Next meetings 

The next meeting is planned for May 2010 in Lyon, France in conjunction with the European 

Biomass Conference. In combination with this meeting, an expert workshop will be organized 

on the use of challenging biomass fuels. 
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For Q3/Q4 2010, there is an offer from Anders Evald to host a task meeting in Denmark. This 

meeting could be organised in conjunction with a workshop on new innovations in small scale 

biomass CHP systems. 

 

For January 2011, there is an offer from Ingwald Obernberger to organise an aerosol 

workshop at the Mid European Biomass Conference in Graz. This will be decided later. 

Closure of the meeting 

Sjaak van Loo thanked all participants for their input to this meeting as well as the great time 

he had in the 12 years in which he chaired the Task. On behalf of the whole task, Ingwald 

Obernberger thanked Sjaak van Loo for chairing the task.  
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Friday, 6 November 2009: Field trip 
 

Lauzon Pellet mill visit 

In the afternoon of 6 November, a visit was made to the pellet factory of Lauzon Recycled 

Wood Energy in Papineauville, Quebec. The activities were explained by Stewart McIntosh  

(Sales and Marketing Director) and Pierre Tremblay (General Manager). 

 

Lauzon is one of the top-3 hardfloor industries in Northern America. As a result of the 

processing operations, significant amounts of woodwaste are available. Combined with the 

increased pressure on commercially viable process operations in a market with increasing raw 

material prices, this made the company to invest in a first pellet production plant in 1995 with 

a production capacity of 30 kton/year. In 2003, another pellet production plant with 30 kton 

production capacity was purchased from elsewhere and relocated.  

 

Initially, the pellets produced were sold through pellet stove retailers, as there was virtually no 

market for pellets then. With a more matured market for pellets, all product is now bagged 

and sold through pellet dealers.  
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Future actions of Task 32 
 

- Task members are requested to review the draft Pellet handbook and deliver outstanding 

contributions. 

- The next meeting of Task 32 will be held in Lyon. It will be tried to organise both the task 

meeting and workshop at the start of the week.  
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Use of Biomass for Heating Greenhouses in Ontario – 
Rules* and Best Management Practices 

S. Khosla and H. Spieser 

 
 ORDER NO. 08-015W AGDEX 290/774  MAY 2008 

* TAKE NOTICE THAT the relevant legislation relating to the use of biomass as a source for heat for greenhouse 
operations supercedes this Factsheet if any discrepancies arise between them, or if any regulatory requirement 
has been omitted herein. This Factsheet is meant to serve as a guideline only. The reader should consult all of the 
relevant Acts and the regulations before taking any decisions about a greenhouse where the use of biomass as a 
source of heat is concerned. This Factsheet has been published as a service for Ontario greenhouse operations 
only. Readers use it at their own risk. The Ontario Government does not accept any liability for any injuries arising 
from the use of this Factsheet. 

The higher cost of heating a greenhouse using natural 
gas or oil has resulted in many growers switching to 
alternate fuels. This document describes the 
opportunities, challenges, regulations and types of best 
management practices related to the use and storage of 
these alternate fuels. 

FUELS FOR GREENHOUSE OPERATIONS 

Traditionally, commercial greenhouse growers have 
used natural gas as their primary source of fuel to heat 
the greenhouse. The advantages include:  

• clean-burning fuel, resulting mainly in carbon 
dioxide and water as the final by-products 

• ease of initial hook-up and use 
• minimal equipment maintenance 
• improved boiler technology with increased heating 

efficiency and safety 
• flue gas carbon dioxide available for greenhouse 

supplementation 
• fuel delivered to the farm via a pipeline 

Many greenhouse operations using natural gas as their 
primary source of heating fuel have used light oil 
(#2 oil) as a secondary source of fuel to provide a back-
up in case of natural gas supply interruption. In some 
situations, a gas supply company may request a 

greenhouse operator switch to an alternate fuel source 
to increase the availability of natural gas to a 
residential user during exceptionally cold periods in 
the winter. When the price of natural gas increased 
significantly, some growers switched to heating with 
heavy oil (#6 oil). The boilers were easily convertible 
to accept heavy oil as a fuel, and growers had oil 
storage tanks on site. Despite the lower cost of heavy 
oil, there were several disadvantages: 

• parasitic losses 
• energy required to keep fuel fluid 
• increased expense to maintain boilers in efficient 

working condition 
• increased potential of fouling boiler tubes, 

requiring shut-down and cleaning 
• potential for oil spills, especially during transfer 

from delivery truck to storage tanks 
• disruption of supply due to delivery failure 
• inability to use flue gas carbon dioxide to 

supplement the greenhouse crop 

Because energy prices for both natural gas and oil have 
remained high, more vegetable and flower growers 
have shifted, or plan to shift, to the use of alternate 
fuel sources. 
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FACTORS TO CONSIDER BEFORE USING 
ALTERNATE FUELS 

Before using alternate fuels, numerous factors should 
be considered, including, without limitation:  

• fuel source characteristics, including: 
• reliability of supply over the long term 
• current and future pricing 
• quality of fuel (uniformity, thermal value, ash 

content and percent moisture)  
• ease of on-site management of fuel 
• transportation system to transfer fuel to the 

combustion chamber 
• combustion chamber and its combustion 

characteristics 
• health and safety considerations 
• potential impacts on the natural environment 

(e.g., particulate emissions or surface water 
contamination) 

• possible approval requirements from the Ontario 
Ministry of the Environment (MOE), such as a 
certificate of approval 

• dispersion modelling of stack emissions 
• waste disposal site designation (if required) 
• long-term availability of the fuel and pricing 

TYPES OF ALTERNATE FUELS 

There are many alternate fuels available to heat a 
greenhouse, including: 

• biomass fuels for incineration (woodchips, sawdust 
(from fresh-cut, wood mills, furniture factories, 
pallets, etc.), construction and demolition debris 
(wood-based), energy crops, farm-waste (plant 
materials, seeds), food processing waste, pelletized 
agricultural- and wood-based products) 

• biofuel (biodiesel or ethanol) 
• biogas (bio-digestion gas from energy crops, manure 

and food by-products, landfill gas, etc.) 

CHOOSING AN ALTERNATE FUEL 

The factors listed above, as well as the cost and return 
on investment, will likely determine which fuel a 
grower selects. A Certificate of Approval (C of A) from 
the Ministry of the Environment (MOE) is not 
required for combustors using agricultural waste, 
biofuel or biogas. Other alternate fuels may require a 
C of A based on the type of fuel, its storage and 
transportation requirements and its combustion 
emissions in an approved combustion vessel (under the 
jurisdiction of the Technical Standards and Safety 
Authority). 

Greenhouse production is considered part of the 
agricultural sector. This has the following effects: 

• Section 9 of the Environmental Protection Act (EPA) 
does not apply to any plant, structure, equipment, 
apparatus, mechanism or thing used in agriculture. 
Due to this exemption, greenhouses do not 
generally require a C of A for the air discharge from 
the combustion vessel used for heating the facility. 
However, some monitoring may still be required. 

• Part V of the EPA and Ontario Regulation 347 
made under the EPA do not apply to agricultural 
waste resulting from farm operations. In addition, 
approval under Part V of the EPA is not required 
for the use of waste wood as a fuel, unless large 
volumes of the waste are stored. Agricultural waste 
and waste wood have different exemptions. 
Therefore, greenhouses combusting these materials 
do not require a C of A for waste management from 
the MOE. A greenhouse operation that accepts 
other kinds of waste (as defined in the 
Environmental Protection Act and Regulation 347 
made under the EPA) may be required to obtain a 
C of A. Any mixing of these wastes with an exempt 
material (such as agricultural waste) may also 
require a C of A. Note that even if an approval is 
not required, a greenhouse operation must not cause 
an adverse effect (defined below) or violate other 
environmental regulations.  

Under the EPA, adverse effect means one or more 
of: 

• impairment of the quality of the natural 
environment for any use that can be made of it 

• injury or damage to property or to plant or 
animal life 

• harm or material discomfort to any person 
• an adverse effect on the health of any person 
• impairment of the safety of any person 
• rendering any property or plant or animal life 

unfit for human use 
• loss of enjoyment of normal use of property 
• interference with the normal conduct of 

business 

For more information about C of A requirements, 
please contact the Environmental Assessment and 
Approvals Branch (EAAB) at 416-314-8001 in 
Toronto, 1-800-461-6290 outside Toronto, or by e-
mail at EAABgen.moe@ontario.ca. 
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As of December 2006, applicants for a C of A for a 
Waste Disposal Site must complete the following 
sections of their application unless otherwise expressly 
instructed in writing by the MOE: 

• facility description 
• property location 
• storm water management 
• property ownership and description 
• existing land uses 

• proposed site plan and operation specifications 
• proposed maximum volume of materials 
• volume calculations 
• biomass boiler description and operating 

specifications 
• pre-processed material quality control 
• hours of operation 
• description of material movement on-site 
• material storage time 
• fencing and site security 
• proposed record-keeping 
• vehicle movement on-site 
• facility maintenance and training 
• financial assurance and liability assurance 
• contingency plan 
• emergency response plan 
• notification of neighbours 
• notification of municipality 

• municipalities may have zoning restrictions 
requiring rezoning to accommodate a waste 
disposal site as an agricultural use 

• posting a financial assurance 
• fees 
• emission and dispersal modelling 

Some key points to note are: 

• notification of neighbours  
• notification of municipality. Municipalities may 

have zoning restrictions requiring rezoning to 
accommodate a waste disposal site as an 
agricultural use. 

• posting a financial assurance for the implementation 
of remedial action if necessary 

• fees 
• lead time to obtain a C of A 
• C of A details. Each C of A is specific to the initial 

submission request. Any changes to the fuel source, 
hours of operation, etc., will require an amendment 
to the C of A. It is best to apply for all foreseeable 
options when obtaining a C of A. 

STORAGE OF BIOMASS 

When storing biomass, greenhouse operators should 
consider, without limitation, the following: 

• Biomass is bulky and requires large storage facilities. 
• Biomass has a higher moisture content. There is 

more shipping weight and lower heating efficiency 
with biomass. 

• Biomass will absorb moisture if left in the open. In 
most cases, when the outer layer of the pile is wet, 
the interior of the pile remains relatively dry. 

• Biomass may spontaneously combust under the 
wrong conditions: 
• Material was too wet when piled. 
• There is a large variation in particle size, creating 

pockets of trapped air. 
• Compacted materials prevented heat dissipation 

from the storage pile. 
• There is a potential for odours when fuel source 

breaks down. 
• There is a potential for wind-blown dust and debris 

off the storage piles. 
• There is a potential for runoff or leachate from the 

storage facility. This must not be allowed to reach 
surface or groundwater in a manner that will impact 
the environment. 

Storage structures constructed to store biomass must 
comply with the Building Code Act requirements, and 
with requirements of the Fire Marshal. The size of the 
storage must be adequate to house the amount of fuel 
stored. Ideally, the storage facility should be located 
close to the boiler room to ease fuel delivery to the 
combustion vessel. It should be located on a solid 
surface to allow easy all-weather access for delivery 
trucks (as well as emergency vehicles). The storage site 
should be graded to manage and capture surface water. 
These must be specified on the C of A application (if 
required). To prevent contamination of the surface 
and groundwater, the storage facility should be located 
away from drains, drainage ditches and watercourses 
and on an impervious floor to prevent potential 
leachate contaminating the groundwater. For setback 
distances, see the Best Management Practices 
publications Manure Management, Order No. 
BMP16,  and Water Wells, Order No. BMP12, and 
the Environmental Farm Plan. 
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In most cases, outside storage is necessary. A C of A (if 
required) or Regulation 347 could limit its size. Best 
management practices for storing the biomass fuel 
should include/consider, without limitation, the 
following: 

• Keep piles less than 8 m in height. 
• Do not use machines to compact material. Do not 

build up piles by driving loaders or dozers onto the 
fuel pile. 

• Limit pile size to less than 1,000 m3/ pile. 
• Maintain fire breaks of at least 6 m between piles 

(Source: Ontario Fire Marshal’s Office). 
• Provide easy access for emergency vehicles in all 

weather conditions. 
• Ensure fire hydrants or a large volume of available 

water are in close proximity to biomass storage area. 
• Develop a “Fire safety plan” document for both 

indoor and outdoor storage. Review the document 
with the local Fire Department and with staff. 

• Establish a no smoking policy. Post “No Smoking” 
signs in clear, visible locations around the fuel 
storage site, and enforce the policy. 

• Invest in appropriate portable fire extinguishing 
equipment or other control measures (contact local 
Fire Chief). 

• Erect fencing to limit access to storage site and to 
prevent vandalism. 

• Install security lighting. 
• Landscape around the perimeter of the site using 

berms, trees and fences to improve the visual aspects 
of the site and to minimize wind-blown 
dust/particles and odours. 

• Use infrared thermography to assist in identifying 
hot spots to mitigate the risks of spontaneous 
combustion. 

• Grade land to manage surface water runoff. 
• Locate site on impervious soils to minimize leachate 

entering the groundwater.  

Spontaneous combustion in biomass can usually be 
prevented by following these steps: 

• Store only dry or seasoned fuel. 
• Prevent segregation of particle sizes in the piles by 

forming the piles with an inclined conveyor. 
• Store in small piles. 
• Keep piles low. 
• Use oldest fuel first. 
• Monitor temperatures within the piles regularly, 

using infrared thermography, if available. 

ASH DISPOSAL 

There are two types of ash: 

• ash remaining in the combustion chamber 
• fly ash (ash collected from the cyclone and smoke 

stack) 

Ash generated from an agricultural activity is exempt 
from Part V of the EPA and Ontario Regulation 347. 
However, ash must be disposed of responsibly after the 
combustion of biomass. Ash remaining in the 
combustion chamber may be disposed of in landfill or 
incorporated into the soil as a soil amendment. Fly ash 
can be considered hazardous and should be disposed of 
in a facility approved to receive this type of waste. If 
the material remaining in the ash chambers is 
composed of more than 10% unburned fuel, it should 
be disposed of at a landfill site.  

SUMMARY 

Rising fuel costs may make burning of alternate fuels a 
viable option for some greenhouse operators. Careful 
consideration of the information provided above is 
necessary to determine if alternate fuels will work for 
you. All greenhouse operators are responsible for 
ensuring that their choice of fuel does not cause an 
adverse affect on the environment.  

If a greenhouse operation accepts any waste, other 
than 100% agricultural waste resulting from farm 
operations or wood waste, it may require a 
Certificate of Approval – Waste Disposal Site from 
the Ontario Ministry of the Environment. Please 
note that Regulation 347 does prescribe some 
conditions for the use of waste wood and that these 
must be followed to ensure that a Certificate of 
Approval is not required in relation to the use of the 
waste wood. It is a violation of the EPA to accept 
non-exempted waste at a site that has not been 
approved.  
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DEFINITIONS 

Agricultural waste — waste, other than sewage, resulting from farm operations, including animal husbandry and, 
where a farm operation is carried on in respect of food packing, food preserving, animal slaughtering or meat packing, 
includes the waste from such operations. 

Biomass — materials organic in origin that can be used as fuel (e.g., wood, straw, stover, husks, grains and even 
manure and biodegradable wastes that can be burned as fuel). 

Biofuel — fuel derived from biomass, including liquid and gaseous fuels such as ethanol and biodiesel, produced from 
agricultural products such as corn, soybeans, flaxseed, canola and sugar cane. 

Energy crop — crop grown for the production of fuel wherein the whole plant is used or processed for this purpose. 

Processed organic waste — waste that is predominantly organic in composition and has been treated by aerobic or 
anaerobic digestion, or other means of stabilization, and includes sewage residue from sewage works that is subject to 
the provisions of the Ontario Water Resources Act. 

Wood waste — waste: 
• that is wood or a wood product, including tree trunks, tree branches, leaves and brush 
• that is not contaminated with chromated copper arsenate, ammoniacal copper arsenate, pentachlorophenol or 

creosole, and 
• from which easily removable hardware, fittings and attachments, unless they are predominantly wood or cellulose, 

have been removed 

Wood waste does not include: 
• upholstered articles 
• articles to which a rigid surface treatment is affixed or adhered, unless the rigid surface treatment is predominantly 

wood or cellulose 

Waste biomass — organic matter that is derived from a plant or an animal, that is available on a renewable basis and 
that is any of: 
• waste from harvesting or processing agricultural products or forestry products 
• waste resulting from the rendering of animals or animal by-products 
• solid or liquid material that results from the treatment of wastewater generated by a manufacturer of pulp, paper, 

recycled paper or paper products, including corrugated cardboard 
• water from food processing and preparation operations 
• wood waste 

This Factsheet was written by Shalin Khosla, Greenhouse Vegetable Specialist, OMAFRA, Harrow, and Helmut Spieser, 
Engineer, Field Crop Conditioning and Environment, OMAFRA, Ridgetown. It was reviewed by Veronica Pochmursky, Patrick 
Spezowka, and Trevor Robak, Ministry of the Environment, and Wayne Brown, Greenhouse Floriculture Specialist, OMAFRA, 
Vineland, and Don Hilborn, Engineer, OMAFRA, Woodstock. 
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FOR YOUR NOTES 
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OPG Biomass Program 
Welcome IEA Bioenergy Task 32

November 2009 

Agenda
• Intro

– Nanticoke – History and Operations
– Context – Coal Closure, Expectations

• Current Activities
– Target Schedule
– Fuel Requirements and Crop Identification
– Green House Gas (GHG) Mitigation
– Supply Chain– Supply Chain
– Public Considerations

• Path Forward
• Questions
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Introduction
• Owned by Province of 
OntarioOntario

• Produces about 2/3 of 
electricity consumed in 
Ontario 

• Approximately 12,000Approximately 12,000 
employees

• Nanticoke GS – largest 
coal-burning generator
in North America

5 Fossil Stations: 
8,573 MW

10 Nuclear Units: 
6,606 MW at Pickering &

Darlington

65 Hydro Stations: 
6,975 MW
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Nanticoke – History

• Construction started September 12 1968• Construction started September 12, 1968
- Planned as a 4 unit 2,000 MW plant
- Doubled to 8 unit 4,000 MW plant in 
1971

• First power January 1972 
- Unit 8 in-service 1978Unit 8 in service 1978

• Construction cost $840 million
• Staff: - 625 full-time

- 139 temporary staff
- 300 contractors approx

Safety, Environment and Quality (SEC) –
An Integrated Management System

To meet the objectives of each managed 
system, Nanticoke's (SEQ) Core Values 
are:

P – Prevention of injury, incidents and 
pollution,p ,
C – Compliance with legislation,
C – Competitive and reliable generation; 
and
C – Continuous improvement.
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Coal Closure
As per go ernment directi e 2 coal nits• As per government directive, 2 coal units 
at Nanticoke; 2 at Lambton will be placed 
in safe shutdown state by end of 2010

• Remaining coal units will continue to 
generate electricity as needed until the 

d f 2014 ( l ti d t )end of 2014 (coal-cessation date).
• Government will determine direction, with 

regular review of plan

OPG’s Expectations
¼ Selected coal units will be 

t dconverted
¼We will be fuel limited:
¼600,000 t of wood pellets  

generate 1 billion kwh
¼OPG produced 25 billion kwh 

using coal in 2008g
¼ Renewable biomass energy will 

require a higher price
¼ Supply infrastructure will take time
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Current Activities
• Safe handling and storage analysis
• Engineering concept studies:

– Atikokan (complete)
– Nanticoke (underway)
– Thunder Bay (underway soon)

L bt ( ill f ll )– Lambton (will follow)
• Combustion and ash studies
• Fuel specification development
• Environmental permitting

Target Schedule - Atikokan

Present Engineering studies
Fall 2009  Fuel RFP
Spring 2010 Major contracts in place:

¼ Power purchase agreement
¼ Fuel and transportation 
¼ Plant modifications 

Winter 2012   First fuel deliveries

First Power 2012
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Target Schedule - Nanticoke

Present Engineering studies
Spring 2010  Fuel RFP
Spring 2011 Major contracts in place:

¼ Power purchase agreement
¼ Fuel and transportation 
¼ Plant modifications 

Winter 2013   First fuel deliveries

First unit converted 2013

Challenges
¼ Fuel cost – more expensive than coal
¼ Fuel supply infrastructure does not exist
¼ Requires supply and handling huge 

volumes of fuel – low energy density
¼ Covered shipping and storage is 

required
¼ Potential combustion/boiler issues¼ Potential combustion/boiler issues 
¼ Ash re-use considerations
¼ Avoid competition for resources
¼Many by-products defined as wastes
¼ Public perceptions
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Basic Fuel Requirements

¼ Solid biomass fuel pellets pucks¼ Solid biomass fuel – pellets, pucks, 
etc

¼ Ontario sourced and processed
¼ Environmentally acceptable
¼Wood or agricultural products with 

the following qualifications:
¼Meets the UN Framework Convention 

on Climate Change definition of 
renewable

¼Will not burn waste

Crop Identification

• Selection of appropriate crop to grow:
– Soil types
– Climate
– Harvesting
– Environmental benefit (including ecological)– Environmental benefit (including ecological)
– Technical suitability (combustion)
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Crop Identification

• Combustion studies to determine:
– Combustion characteristics
– Ash composition
– Air emissions

• Currently underway and scheduled for end of 
year completion y p

• Crops included are miscanthus, switchgrass, 
willow, corn stover and soy bean stover.

Fuel Supply Chain Business Model

• Fuel processor / aggregators to arrange for the 
required supply and transportation of raw 
material (e.g., by entering into contracts with 
producers).

• Some conditions of OPG contracts with fuelSome conditions of OPG contracts with fuel 
aggregators are expected to “flow through” to 
primary producers (e.g., requirements for 
sustainability)
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Greenhouse Gas Considerations

• Cannot choose fuels that have a poor 
lifecycle greenhouse gas – little 
environmental benefit

• Biomass benefits for climate change are 
i t t f t i bli tan important factor in public support

Wood Pellets – Life Cycle GHG1
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Upstream Electricity ProductionSource: H. MacLean, Y. Zhang, J. 
McKechnie, University of Toronto, 
pending publication
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GHG Assessment: Agriculture-Based Fuels

¼ Diversity in the potential biomass feedstocks, soil types and inputs 
(irrigation, fertilizer, etc.) complicates assessment of GHG life-cycle 
analysis (LCA) for agricultural biomass. 

¼ A technical specification to conduct a GHG LCA for agricultural biomass 
has been prepared.
Á Phase I - one representative by-product and one representative fuel 

crop:  corn cobs & miscanthus.
Á Phase II – depending on the outcome of Phase I additionalPhase II depending on the outcome of Phase I, additional 

feedstocks to be considered include, but not limited to, the following: 
switchgrass, corn stover,  soybean stover, dried distiller’s grain.

¼ Anticipated schedule for Phase I
Á Consultant hired in 2009.  
Á completion in 2010.

Fuel Supply Chain Business Model

OPG will:
• buy pelletized biomass fuel from technically and 

financially capable counterparties who aggregate raw 
biomass materials and produce processed fuel.

• arrange transportation of processed fuel.
• will purchase fuel through competitive RFPs on the basis• will purchase fuel through competitive RFPs on the basis 

of well defined technical specifications for pelletized 
wood biomass and pelletized agricultural biomass.

• enter into long term fuel contracts.
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Public Considerations

Biomass has some key positive attributes:Biomass has some key positive attributes:
¼ Renewable
¼ Greenhouse gas emissions/climate change benefit
¼ Is an alternative to coal
¼ Ontario economic benefits

But public will demand:But public will demand:
¼ Must demonstrate environmental sustainability
¼ No impact on food supply

What has to happen?

¼Power Purchase Agreement¼Power Purchase Agreement
¼Plant modifications engineered and 

contracts let
¼Fuels specification developed and let
¼Fuel suppliers and aggregators in place¼Fuel suppliers and aggregators in place
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How do we make it happen?
“Project for Commercialization” of agricultural 

biomassbiomass 
¼ Financial bridge for producers from crop planting to 

harvest.
¼ Engagement of producers to generate interest
¼ Engagement of capable aggregators 
¼ GHG lifecycle analysis for Ag. Biomass y y g
¼ Identification of suitable crops and growing regions
¼ Analysis of Ag. biomass use potential and resolution of 

any limitations
¼Maintaining a positive public image for Ag. biomass

Tour Guidelines 
• Stay with your guide• Stay with your guide
• Wear PPE: hard hat, safety boots, safety 

glasses, earplugs
• Three-point contact
• Industrial environment- hot and grimy places
• Emergency: Dial 550
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Questions?

November  2009 
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Challenges in biomass combustion 
and cofiring: the work of IEA 
Bioenergy Task 32
Jaap Koppejan

Procede Biomass BV
PO Box 328, 7500 AH, Enschede
The Netherlands
www.procede.nl

Nanticoke visit, Ontario, November 5, 2009

Introduction to IEA Bioenergy (1)

• The IEA was founded to implement an 
international energy programme in response to 
the oil shocks. 

• Activities are directed towards collective energy 
policy objectives of energy security, economic and 
social development, and environmental protection. 

A i i i     d  I l i  • Activities are set up under Implementing 
Agreements. There are 40 active Implementing 
Agreements.

Nanticoke visit, Ontario, November 5, 2009



Introduction to IEA Bioenergy (2)

• IEA Bioenergy provides an umbrella organization 
where experts from research, government and 
industry work together y g

www.ieabioenergy.com

Nanticoke visit, Ontario, November 5, 2009

IEA Bioenergy Task 32:
Biomass Combustion and Co-firing 
(1)

Objectives:

• To stimulate further expansion of the production 
of energy from biomass combustion

• Generating and disseminating information on 
technical and non-technical barriers and 
anticipated solutions for:
• dedicated biomass combustion systems  and; • dedicated biomass combustion systems, and; 
• biomass co-firing in existing coal fired power plants. 

Nanticoke visit, Ontario, November 5, 2009



IEA Bioenergy Task 32:
Biomass Combustion and Co-firing 
(2)

• Experts from 13 countries:
Austria, Belgium, Canada, Denmark, European Commission, 
Fi l d  Finland, 
Germany, Italy, Netherlands, Norway, Sweden, Switzerland, 
United Kingdom

• Working together in:
• Cooperative projects
• Meetings, Workshops, Conferences, Excursions
• Cooperation with other Networksp

• Reports etc. can be found on our website:
www.ieabioenergytask32.com

Nanticoke visit, Ontario, November 5, 2009

Content

• Introduction

• Challenges and trends in combustion technologies• Challenges and trends in combustion technologies
• Residential heating
• Industrial scale combustion
• Co-firing

• Activities of Task 32

Nanticoke visit, Ontario, November 5, 2009



Introduction (2)

• Biomass Combustion is the most widely spread 
way of converting biomass to energy :

World OECD Developing
countries

Traditional biomass [PJ/year] 33,500 40 33,450

Modern biomass       [PJ/year]   16,600 8,450 7,450

Total biomass                    [%] 11 3.6 22.3

Nanticoke visit, Ontario, November 5, 2009

Derived from IEA Energy Outlook  statistics

• Top 10 of EU manufacturers alone: 
600 M€ turnover [EurObserver 2007]
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Cofiring with pulverised coal

Modern biomass technology is commercially 
available from 2 kWth to 550 MWth
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Pellets

Understoker

Moving grate

Bubbling Fluid Bed

Circulating Fluid Bed

Dust
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Stoves

Boilers

1 kW 10 kW 100 kW 1 MW 10 MW 100 MW2 5 20 50 200 500 2 5 5020 1000 MW500200



Rationale of Task 32 

• Biomass combustion is well understood, relatively 
straightforward, and commercially available, and 
can be regarded as a proven technology

• However, the desire to burn uncommon fuels, 
improve efficiencies, cut costs, and decrease 
emission levels results in new technologies being 
developed
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IEA Bioenergy Task 32:
Biomass Combustion and Co-firing

• Experts from 13 countries:
Austria, Belgium, Canada, Denmark, European Commission, 
Fi l d  G  I l  N h l d  N  S d  Finland, Germany, Italy, Netherlands, Norway, Sweden, 
Switzerland, United Kingdom

• Working together in:
• Cooperative projects
• Meetings, Workshops, Conferences, Excursions
• Cooperation with other Networks

• Reports etc. can be found on our website:
www.ieabioenergytask32.com
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Trends in domestic woodstoves and boilers

• Customers want fancy design
• Use of pellets for heating
• Emissions need to go down• Emissions need to go down
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[Thek, 2005]



Particle emissions

• Emission of aerosols is of major concern (health)
• In some areas emission of aerosols from biomass 

combustion equals the emission from trafficq

Nanticoke visit, Ontario, November 5, 2009

[Obernberger, 2005]

What can be done to obtain 
better efficiency and reduced 
emissions?

• Better furnace designs
• Better information to the users
• Better installations
• Proper test standards
• Develop flue gas cleaning systems
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Designs have already significantly improved! 

Origin Incomplete Complete 
300

Origin
Type

Incomplete 
combustion 

Complete 
combustion

Gases
CO, CXHY, H2

HCN, NH3, N2O
CO2, H2O, NOX

Particles C, Tar, Soot Fly-ash, Salts

50

100

150

200

250

C
O

 [m
g/

M
J]

Results from test stand measurements
[Jungmeier et al, 1999; BLT Wieselburg, 2006]
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0
1996 - 1998 1999 - 2001 2002 - 2004 2005

Still big variations in technical performance 
exist: result of Task  32 inventory
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Influence of user behaviour

Even a good stove can have a very high 
particle emission if smoldering
(mg/m3 total fly ash at 13 % O )(mg/m3 total fly ash at 13 % O2)
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[Nussbaumer, 2007] 

What aerosols do we measure?
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Small scale dust removal systems

Electrostatic Precipitators Cloth filter
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[APP, 2006] [Scheuch, 2006][Schmatloch, 2005]
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• Activities of Task 32



Main industrial scale combustion principles
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Fixed bed furnaces

• up to ±20 MWth

• Fuels may be humid and 
varying particle size but not 
too much fines.

• Fuels with low ash melting 
temperature are  usually 
problematic

V grate

furnace

surface of
fixed bed charcoal and

ash layer

ignition front
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fuel bed
(drying and subsequent

devolatilisation)
grate

primary air



Working medium Engine type Typical size Status

Liquid and vapour 
(with phase 
change)

Steam turbine 500 kWe – 500 MWe Proven technology

Steam engine 100 kWe – 1 MWe Proven technology

Small scale CHP

Screw type 
expander

not established, 
similar size as 
steam engine

Demonstration

Steam turbine with 
organic medium 
(ORC)

500 kWe – 1 MWe Some commercial 
biomass plants

Gas 
(without phase 

Closed gas turbine 
(hot air turbine)

not established, 
similar size as 

Development
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change) steam turbine

Stirling engine 20 kWe – 100 kWe Demonstration

BFB/CFB furnaces

• Only for plants larger ±20 MWth, ±30 MWth

• Fuels may be humid 
• Fuel particle size < 80 mm, < 40 mm
• Low NOx through air staging
• High operating costs
• High dust load
• Ash slagging may occur
• Problematic partial load
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Chicken litter combustion, 
Moerdijk

• 120 MWth BFB, 4 passes by Austrian Energy. 
• Steam conditions 67 Bar/470°C
• 36 MWe
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Slagging, fouling & corrosion can lead to severe 
problems

Examples of design changes:
• Large platen superheating surface

[Bowie, 2006] 
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• Increased tube pitch
• Fully retractable soot blowers
• Use of additives


