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Objectives
To address some of the key challenges : 

● How to move to more challenging fuels, with increased cofiring 
percentages and more challenging steam conditions,

● The uncertainty associated with the long term impacts of co-firing on 
the performance of SCR systems 

● The development of fly ash utilization options,
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● The development of fly ash utilization options,

● The development of an improved understanding of ash deposition and 
boiler tube corrosion issues,

● The development of biomass fuel specifications and standardized fuel 
characterization procedures, and pre-processing requirements for 
adequate conversion,

● Formation of striated flows in boilers

● Public awareness/image issues



Work ProgrammeWP 2.B

What When

Workshop on cofiring routes and thermal processing
options

April 2006

Workshop on ash related issues for cofiring Sept 2006

Plant visit to Longannet power station, Scotland Sept 2006
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Workshop on R&D needs for biomass cofiring 2007 (Bio€ conference)

Presentations by experts on addressing barriers, and
case studies

several (ash utilization, fuel
standardisation)

Contributions to ThermalNet newsletter, homepage Several

Technical report on biomass cofiring 2007



State of the Art

Proven:

● Direct cofiring of clean, easy to grind biomass by 
premilling/blending (in PC plants at low percentages, FB at 
high percentages)

● Indirect cofiring of clean, difficult to grind biomass by 
pregasification without gas cleaning
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pregasification without gas cleaning

● Parallel cofiring of biomass with challenging chemical 
composition or poor grindability (straw, MSW)

Demonstration phase:

● Pre-gasification with gas cleaning, pyrolysis and torrefaction 
of biomass before direct cofiring



State of the Art
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● CFB gasifier in Ruien, 
Belgium
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● Cofiring by mixing on coal 
conveyor, Delta, Australia

● Parallel cofiring of straw
in Avedøre 2, Denmark



New developments
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● Cofiring pyrolysis oil in 
Harculo power station 
(by BTG)
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● Cofiring torrefied
biomass



Results (1)

Pretreatment options for biomass cofiring

WP 2.B

Biomass characteristics Power plant type

Grindability Contaminations Pulverised coal 
boilers

Fluid bed 
boilers

Natural gas boilers Natural gas 
turbines

Good Low Direct (low %), 
Torrefaction (high %)

Direct Pyrolysis, 
Gasification

Pressurised 
gasification

High Gasification + gas Direct Gasification Pressurised 
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High Gasification + gas 
cleaning

Direct

Gasification + 
gas cleaning 

Gasification Pressurised 
gasification

Poor Low Gasification, 
Torrefaction

Direct Gasification Pressurised 
gasification

High Gasification Direct or 

Gasification +
gas cleaning

Gasification Pressurised 
gasification



Results (2)
Ash related issues in biomass cofiring (result of WS with WP2D)

● Many of the process problems in operating biomass plants have been ash-
related.

● Biomass ash is very different from coal ash in many ways

● Significant R&D and industrial experience exists with biomass cofiring

● This is mostly with combustion and co-combustion systems, but also with 
gasification and pyrolysis processes.

WP 2.B
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● This is mostly with combustion and co-combustion systems, but also with 
gasification and pyrolysis processes.

● The ash characterisation and testing methods are largely in place and the 
processes are reasonably well understood.

● There are, however, still significant ash-related design and operational 
problems at industrial scale.  



Ash deposition – how to avoid problems 
(suggested by ECN)

Preventive

● Appropriate fuel analysis to determine speciation or even specific 
thermal behavior

● Produce fuels with better properties, e.g. through torrefaction

● Blend fuels to reduce problems like strong thermal insulation, 
sintering, low-T melts, or high-Cl compositions; requires knowledge / 
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sintering, low-T melts, or high-Cl compositions; requires knowledge / 
predictive tools 

On-line monitoring combined with ‘smart’ cleaning

● Membrane walls: heat flux measurement + water cannons (Clyde 
Bergemann)

● Super-/reheaters: section-wise evaluation using cleanliness factors 
(ratio of actual vs theoretical heat transfer rate)



Use of fly ash when cofiring biomass

● For direct cofiring with coal < 10%, utilization of flyashes in cement is 
typically OK now in revised EN450 (<10% of ash and <20% of fuel)

● Use of ashes for higher cofiring percentages and other processes is 
uncertain. 

● High quantities of ashes from other processes (e.g. indirect co 
combustion) will be generated. 
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● The quality of ashes may significantly vary

● The market utilisation of a large quantity 
of ashes is not safeguarded

● There is a need for R&D on quality and 
utilisation options of “new” ashes beyond 
EN450



Results (3)

R&D needs for biomass cofiring 

● biomass quality control if cofiring up to 50%e

● Ash related problems when using cheaper biomass (high 
concentrations of e.g. K and Cl) in combination with higher 
metal temperatures (Now typically 540-560 °C, recently built 
plants 600-620 °C but for new plants to over 700 °C).

WP 2.B
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plants 600-620 °C but for new plants to over 700 °C).

● For wet biomass (>10% mc):
● Boiler efficiency loss 

● Heat balance over the mill

● Handling and formation of fungi. 

● quality and utilisation options of “new” ashes beyond EN450 



Achievements / DeliverablesWP 2.B
Topic Action
Increased fuel flexibility (quality, quantity) WS on cofiring routes, Lille, April 2006
Fouling and corrosion of the boiler (alkali and other metals, chlorine) WS on ash issues, Glasgow, Sept 2006

Ash quality and reuse in building materials WS on standardization, Glasgow, Sept 2006

High temperature steam boilers WS on ash issues, Glasgow, Sept 2006
Gas treatment for pre-gasification WS on cofiring routes, Lille, April 2006
On site fuel handling Field trip to Longannet, Sept 2006

Article in newsletter
Deactivation of DeNOx catalysts Article in newsletter
Particle burn-out and gas mixing
Particle size control WS on cofiring routes, Lille, April 2006
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Particle size control WS on cofiring routes, Lille, April 2006
Cofiring RDF and contaminated biomass WS on cofiring routes, Lille, April 2006
Effects on performance of gas cleaning systems Presentation in Vicenza workshop, 2007

Thermochemical pretreatment (torrefaction, pyrolysis, gasification) WS on cofiring routes, Lille, April 2006

Physical pretreatment (pelletization, drying, size reduction) WS on cofiring routes, Lille, April 2006
Economic aspects (lack of financial incentives, uncertain fuel 
prices/availability, open market)

WS on cofiring options, Salzburg, May 2007

Legislative aspects (utilization of fly ash in cement, determining green 
share, emission legislation)

WS on standardization, Glasgow, Sept 2006

Public perception of co-firing of biomass/waste WS on cofiring options, Salzburg, May 2007



Conclusions

● Most of the experience is with premilling and preblending of 
relatively small percentages of clean, granular or pelletised 
biomass with coal in PC boilers

● For larger direct cofiring percentages of biomass with poor 
grindability, milling groups and pipework may need to be 
modified
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modified

● Alternatively, difficult-to-grind biomass may be pre-gasified, 
burned separately (steamside integration) or torrefied.

● Major problems are ash related (corrosion, deposition, fly-
ash utilisation in cement)



Recommendations

● Further develop and apply insight in ash vapour chemistry 
for materials selection, plant design and biomass fuel 
selection

● Insufficient clean biomass to expand cofiring, therefore 
increased focus on cofiring wastes. This requires significant 
investment levels and stable support framework
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● Explore new utilisation options for fly-ash originating from 
plants with larger cofiring percentages

● Develop and share technical knowledge on SCR 
deactivation, ESP performance, particle size control, particle 
burnout,  cofiring RDF, fuel handling

● Improve public perception and permit procedures


