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Presentation overview

- Trends in biomass co-firing, technical
bottlenecks, R&D needs

- Biomass upgrading (torrefaction)
- How to tackle ash-related bottlenecks

- Concluding remarks




Trends in biomass co-firing

® Further increase of co-firing percentages up to 50% w/w and
beyond (hybrid power plants)

® Increasing share of low-quality feedstocks due to a market pull for
easy feedstocks towards production of higher added value
products (e.g., transportation fuels, SNG)

® Fuel flexibility of key importance

¢ Introduction of advanced clean coal technologies, including:
- Boilers with Ultra-Super-Critical (USC) steam conditions
- Oxy-fuel combustion
- IGCC

®*CCS

Technical bottlenecks in biomass co-firing
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Biomass co-firing in high percentages — R&D needs

- Biomass upgrading technology to reduce the cost of biomass logistics and
improve the compatibility of biomass as a fuel (e.g., torrefaction, pyrolysis)

- Indirect co-firing technology and flexi-fuel concepts

- Better mechanistic understanding of combustion/gasification-related
technical bottlenecks and translation into fuel mixing recipes, design
specifications and operating guidelines

- Predictive tools for assessing the co-firing potential of biomass streams
and optimising boiler design and operation for co-firing (low-cost
screening, modelling)

- Advanced techniques for (on-line) process monitoring and control

- Residues recycling and utilisation strategies

Biomass — a difficult energy source

- Tenacious and fibrous (grinding difficult)

- Low energy density (LHV,, = 10-17 MJ/kg)
- Hydrophilic

- Vulnerable to biodegradation

- Heterogeneous




Torrefaction for
upgrading biomass
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ECN torrefaction technology (BO ,-technology)

Air
Features
« Conventional drying and Uity fuel
pelletisation ‘ Flue gas
e Compactmovingbed [ _______________________ i“"i _____________ >
technology with direct heatjng ! i
+ Heat integration ! » Combustion :
« High energy efficiency (> 90%) ;T°g§;act'°" i
+ Cost effective , o
Biomass i i _ | BOpellets
[ Drying ,: » Torrefaction »  Cooling ——¥ N
= 3 :
o i DP i
- Flue gas | | i
15-20% — Heat exchan '
moisture i FIBE:S E
Pre-drying Feeding

Torrefaction pilot-plant testing (50-100 kg/h)




ECN torrefaction technology — status

® Torrefaction pilot plant is operated on a regular basis in 50-100
hour runs to produce 1-5 tonne torrefied material; experience
with poplar chips, softwood/hardwood mixture, agricultural
residues

From the torrefied material, good quality pellets can be
produced without binder:

- But case-by-case tuning of the pelletisation conditions (e.qg. die type)
required

- Good control of torrefaction conditions essential for proper
pelletisation performance

- Further pilot-scale testing focused on:
- Further optimisation torrefaction + pelletisation
- Long duration performance
- “End-use” testing (logistics, conversion)

- Demo-plant in preparation and industrial consortium for
demonstration and market deployment (nearly) established,
strong market pull for torrefaction plants and torrefaction pellets

Dutch R&D consortium pushing the limits of biomass co-firing

Overall objective
- Todevelop a knowledge base and dedicated technology enabling market parties to
achieve a substantial increase of the biomass share in the cost-effective
production of power and heat, while maximising efficiency, minimising emissions
and ensuring sustainable biomass use
Approach
- Partners: ECN, KEMA
- Universities involved in specific topics, may become partners

- Extensive involvement E-sector through Industrial Advisory Group and directly in
R&D activities

Electricity & Heat from biomass — Dutch Long-term re  search
strategy targets (2040):

- 40% electricity from biomass

- 40% (ele) biomass co-firing

- 50% E-efficiency from coal + biomass

- 100% residual heat application in stand-alone units
- 40% E-efficiency from waste

- 100% residues utilisation (ashes)




Current R&D topics

- (Ash related) technical bottlenecks in direct co-firing
- On-line (fouling) monitoring and control
- Indirect co-firing (fluidised-bed gasification)

- Sustainable ash management (recycling and development of new
utilisation options)

- Biomass co-firing in advanced clean coal combustion (USC-boilers, oxy-
fuel combustion)

- Heat utilisation for wet biomass processing

Technical bottlenecks — R&D approach
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Lab-scale experiments and modelling allow investigations beyond current full-scale
practice (higher co-firing percentages, higher steam conditions, oxy-fuel combustion)




Lab-scale Combustion Simulator (LCS)
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Interactions demonstrated in ash
deposition
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Predictive tools — aggregating mechanistic knowledge

- Empirical biomass impact prediction (ash-related):

- Co-firing Advisory Tool (CAT): release, formation, deposition and emission of

ash compounds

- Ash Deposition Post-Processor (CFD-based)

- Fuel: MV coal (70 % w/w), coffee husks (15%

w/w), wood (clean/bark) pellets (15% w/w)

- Deep-staged Low-NOx conditions

Fou”ng - Flue gas temperature - 1100 C
- Simulated steam tube - USC conditions 660 C
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Concluding remarks

® Trends in biomass co-firing bringing new R&D challenges:
- Higher co-firing percentages (50% w/w and beyond, hybrid plants)
- Lower-quality (“salty”) biomass, higher fuel flexibility (per unit or by combining different units)

Introduction of advanced clean coal technologies (and CCS)

® Torrefaction allows cost-effective production of 2" generation biomass pellets from a wide
range of biomass/waste feedstock with a high energy efficiency (>90%):

ECN's BO,-technology is heading towards demonstration and market deployment
there is a strong market pull for torrefaction technology and products

® ECN and partners, in close co-operation with the Dutch power generation sector, are
conducting extensive R&D efforts to push the limits of biomass co-firing

® Many technical bottlenecks in biomass co-firing are ash related; a dedicated toolbox has
been developed to tackle them, including:

Lab-scale screening methods (LCS, WOB + supporting (miniaturised) analytical methods)
Probes for full-scale sampling and supporting analytical techniques

Predictive modelling tools (CFD-modelling with Ash Deposition Postprocessor (ADP) for
deposition/fouling/corrosion prediction, Co-firing Advisory Tool (CAT) to predict co-firing
performance of biomass fuels)

On-line monitoring techniques (e.g., on-line fouling monitoring)
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Thank you for your attention!

For more information,
please contact:

Dr.ir. J.H.A. (Jaap) Kiel

phone  +31 224 56 4590

e-mail kiel@ecn.nl

Internet: www.ecn.nl
www.biomasscofiring.nl
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