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Co-firing driving forces 

• Renewable targets
• Lowering of CO2- emissions from fossil-fuel 

fired power stations
• Covenant with the Dutch government 
• Stimulation by the authorities (MEP)
• Lowering of fuel costs 
• Lowest investment cost per kWe installed
• High efficient conversion to electricity



CO2 emission of coal and gas-fired plants
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Co-firing history in the Netherlands

• 1992-1995 start in 1 MWth KEMA coal-fired test boiler
– Demolition wood, sewage sludge, 5-10% wt

• 1995-2000 gaining experience, demonstration  and 
operation full-scale
– < 10% wt, demolition wood, sewage sludge, pet-

coke, biomass pellets, co-firing becomes 
operational practice in every Dutch coal-fired 
power plant



Co-firing history in the Netherlands

• 2001-2002 expanding horizon, KEMA test boiler
– Poultry dung, RDF, wast wood, 40% wt

• 2003- full-scale increasing %, import wood pellets

• 2008-2012 covenant with Dutch government
– 12% e/e replacement of coal



The future….           Beyond 2010
• Challenging renewable targets NL and EU

Scenario’s 
• Increase co-firing (30-40% e/e)
• Co-firing at gas-fired plants
• Large dedicated biomass-fired power plants (> 500 

MWe)
• New combustion technologies (USC, oxy-fuel)
• (Near) zero emission units with CO2-capture



Technical and environmental constraints
• Fuel handling

– storage / spontaneous combustion
– occupational health and safety aspects

• Pulverizing / grinding
• Combustion aspects

– reactivity <-> particle size distribution
• Slagging and fouling

– alkali chlorides
• Thermal behavior of the boiler

– load following behavior, (un)availability
• Heat balance, efficiency, Integration



Technical and environmental constraints
• Corrosion /  erosion (KEMCOP)

– S/Cl ratio
• By-product quality (TRACE)

– free CaO
– soluble PO4

• Emissions
– < CO2, < SO2

– SCR catalyst deactivation
– ESP performance

• Capacity of individual components



Routes in operation for direct co-firing 

COAL BURNERS

SECONDARY
FUEL(S)

BOILER Flue gas
treatment

EMISSION

Steam
turbine

Physical
pre-treatment

pulverising / drying
pelletising /  mixing

Grinding

• mixed grinding
• separate grinding
• dedicated burners
• Pre-treatment



Co-firing - Dutch experiences

10+ % e/e (Dutch power plants)
25% e/e (KEMA 1 MWth plant )

INDUSTRIAL/WASTE BIOMASS ANIMAL 
Petcokes Demolition wood Meat and bone meal (MBM) 
Hydrocarbon gas Sewage sludge Animal fat 

Biomass pellets Poultry dung (see picture) 
Paper sludge 

Municipal waste Citrus pellets 
RDF Cocoa shells 
SRF Coffee grounds 
Heavies Fresh wood 
 Olive residues 
 Wood pellets 
 Palm Kernel Expeller (PKE) 
 Wheat husk pellets (WHP)  



Amer-9 wood gasifier

CFB gasifier
• waste wood
• 83 MWth input
• 170 kton CO2 red



Co-gasification in IGCC

Successful conversion from 
100% coal to fuel mix of 
biomass and coal producing 
43 MWe green power

Typical co-gasification fuels
• Sewage sludge
• chicken litter
• wood

250 MWe Integrated Coal 
Gasification Combined 
Cycle plant, Willem 
Alexander power plant

Buggenum NL



Co-firing “Hot” topics

• Fuel quality and pre-treatment
• Spontaneous combustion
• Mill performance and particle size

distribution
• Effect of high % SF on SCR performance
• Quality of the ashes
• Risk awareness and management



Spontaneous combustion
• Obtain insight and understanding in the 

mechanism of spontaneous heating for 
individual types of biomass

• Develop guidelines to avoid and control this 
phenomena in large scale biomass storage

loss of material
damage to equipment

health problems
image, economics



Experimental approach

Simulation of spontaneous heating in
a large scale biomass storage

Parameters

• type of biomass fuel

• moisture content (0-50 wt%)

• air flow 

• particle size, density

Wood chips
Wood pellets
Palm nut residue
Olive residue
Mixed biomass pellets
Meat and bone meal



Small vessels
+

Adiabatic test reactor
(H = 2 m, I.D. = 0.5 m)

Monitoring
• temperature profile
• pressure drop
• gas production
• air flow

Experimental set-up
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Conclusions & perspective 
• Spontaneous combustion can be controlled by a 

combination of temperature and gas measurements

• Monitoring large storages included in further 
research

• Spontaneous combustion is a very realistic problem 
in large scale biomass storages



Effect of SF on SCR performance
• Obtain unique information about SCR catalyst 

deactivation
– from long term exposure 
– at realistic conditions in a real power plant 
– exposed when co-firing high percentages of SF

• Results can immediately be used and contribute to 
a more reliable and cost effective SCR process 
operation



Project outline

samples of (high-dust) SCR catalyst in flue gas during 
1.5 year
exposition at (realistic) co-firing conditions (up to 20% 
mass) with various SF
determination of catalyst changes: activity and deposits 
modelling of results

Assess the effect of co-firing (high %) SF on SCR at 
realistic conditions



Power Plant Maasvlakte (E.ON)

sample holder

Conditions at catalyst sample holder:
• Temperature: 325 - 370 °C
• flue gas velocity: 5.5 m/s (actual wet, 350 °C)
• 4 * 16 catalyust samples of 35x35x250 mm

Position
sample holder



Intermediate conclusions

• Deactivation of the exposed catalyst (with about 10 
wt% co-firing) is in the range of 1-15% after 1350 
hours

• Deactivation (with hardly any co-firing) has been in the 
range of 0.6-1.3% after 1350 hours

• Additional measurements are in progress
• Results will be implemented in NOxVision, a predictive 

KEMA tool for cost optimization of SCR installations



KEMA - Co-firing Risk Assessment 
An integrated co-firing chain approach, 

comprising of
• Identification, quantification and ranking of all 

risks
• Accounting for 

– The external factors
– Company strategy and priorities
– Plant specific constraints

• Short and long term co-firing strategy 
development

• Realization, monitoring, evaluation and 



Key success factors co-firing projects
• Acceptance by the government and public

• Permits

• Economics

• Environmentally sound

• Technically feasible

• Risk awareness & control
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