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Introduction
Overview of major activities on oxy-CFB development by AmecFW

First generation oxyfuel CFB (Flexi-Burn® CFB)
• R&D support –Testing at VTT´s 100 kWth Oxy-CFB pilot plant
• R&D support –Testing at Canmet Energy´s 0.8 MWth Oxy-CFB pilot plant in 2009-2010.
• R&D support - EU FP7 project "FLEXI BURN CFB" 2009 – 2013
• R&D support – EU PF7 project ”MACPLUS” 2011-2016 (materials)
• Boiler design - Oxy-CFB-300 Compostilla project 2009 – 2013 (EU/EEPR)
• Boiler concept – Oxy-fuel fired CFB for a multifuel CHP-plant  study (CCSP)

CLEEN (CLIC) Oy´s CCSP program
• Continuation of Oxy-CFB development
• Major focus on filling caps and improvements in modelling and design tools development
• Case studies

Second generation oxyfuel CFB
• High-O2 designs (2nd gen.) – EU FP7 project ”O2GEN” 2012-2015

Partnering with Finnish R&D organizations
• VTT and LUT have participated in all projects listed above
• VTT: testing, modeling and simulation
• LUT: modeling
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*)  "Flexi-Burn" is a trademark of Foster Wheeler AG, registered in the 
U.S., EU, Finland



Experimental facilities for Oxy-CFB
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Reference: Rohan Stanger, Terry Wall, Reinhold Spörl, Manoj Paneru, Simon Grathwohl,Max Weidmann, Günter 
Scheffknecht, Denny McDonald, Kari Myöhänen, Jouni Ritvanen, Sirpa Rahiala, Timo Hyppänen, Jan Mletzkoe, Alfons 
Kather, Stanley Santos;  ”Oxyfuel combustion for CO2 capture in power plants”, 2015, 



CCSP: Modelling of sulphur capture and heat 
transfer in CFB hot loop (LUT)

• The effects on combustion have already been accounted for in the 
models developed in EU FP7 projects.

• The objective during CCSP-project was to improve the modelling 
capability of limestone reactions and radiative heat in oxygen-fired 
conditions.

LUT-CFB3DParticle model
for limestone

Radiative zone model

• Detailed transient
particle scale model
(CaCO3/CaO/CaSO4)

• Comprehensive steady-state
3D-model of CFB furnace

• Radiative heat exchange
in suspension and
to surfaces
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• Integration of two dynamic simulation tools (APROS & Aspen Plus 
Dynamics) for optimization of overal power plant process

• APROS: CFB boiler and turbine/generator
• Aspen Plus Dynamics: ASU and CPU
• Several connection methods evaluated: Direct OPC, Excel, Matlab
• Chosen method: Combination of OPC and Matlab
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CCSP: Combination of Apros and Aspen models
Simulation of the1st generation oxy firing (VTT)
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Utilization of results
Modeling and scale up of 2nd generation oxyfuel power plant

R&D results were utilized in 3D modeling of the CFB 
furnace and hot loop in the 2nd generation oxy-CFB 
boiler concept (O2GEN (FP7) project):
• Checking of furnace profiles (heat transfer, temperature, 

emissions) with the selected heat surface configuration
• SO2 capture and limestone reaction profiles
Oxyfuel plant dynamics was simulated with VTT´s 
integrated APROS and Aspen Plus dynamics simulatior
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300 MWe Scale Flexi-Burn CFB and 600 MWe High-
oxygen Oxy-CFB Designs

300 MWe Scale Flexi-Burn CFB 600 MWe Scale Oxy-CFB

1. Furnace
2. INTREX
3. Solids separators
4. Cross-over duct
5. Heat recovery area
6. HP Eco and LP Eco
7. Flue gas to filter unit



Achieved technology readiness
• Development the Oxy-CFB models, boiler design tools 

and plant simulators for better accuracy and 
effectiveness 

• Detailed engineering of 300 MWe scale Flexi-Burn CFB 
boiler and power plant (EU/EEPR)

• Design of a 600 MWe scale 2nd generation Oxy-CFB 
boiler with optimized heat integration.

• Case study to evaluate suitability of Oxy-CFB for CHP 
plant (CCSP/Fortum)

 AmecFW has readiness to design and 
demonstrate the technology in commercial 
scale plant
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Technology readiness level of oxyfuel power plants
Status of implementation in Europe
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1) Reference: Rohan Stanger, Terry Wall, Reinhold 
Spörl, Manoj Paneru, Simon Grathwohl,Max 
Weidmann, Günter Scheffknecht, Denny McDonald, 
Kari Myöhänen, Jouni Ritvanen, Sirpa Rahiala, Timo 
Hyppänen, Jan Mletzkoe, Alfons Kather, Stanley 
Santos;  ”Oxyfuel combustion for CO2 capture in 
power plants”, 2015, 

1)

White Rose as the only 
remaining oxyfuel based CCS 
project in Europe, is facing 
headwinds



However, many reasons have hidered 
deployment of CCS in Europe and globally

• High investment costs of CCS
• Commercial driver towards CCS is missing due to low 

CO2 price.
• Since 2008, the economic downturn has continued in 

Europe.
• In many cases, a low public acceptance
• Negative emissions (Bio-CCS) is not acknowledged in 

the ETS or via other mechanisms.
• CCS has been opposed because it has been seen as 

an excuse for continuing the use of fossil fuel based 
generation.
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• Globally there are a number of CCS projects in operation, become operational 
during 2016 and 2017, and projects in development stage. USA and Canada are in 
front line in the development.

• In Europe, only Sleipner and Snøvit are in operation, none is in construction and 
four under development (2015) with still unsure future.

Europe is behind in implementation of CCS

Rest of World

Europe

China

Canada

United States

Reference: Global CSS Institute: “The global Status of CCS, 2015, SUMMARY REPORT”



What does it require?

The countries in the front line of CCS deployment 
have together implemented a combination of:
• direct regulation to require power generators to 

reduce emissions intensity
• government funding of large-scale CCS projects 

and R&D
• fiscal and market-based incentives, including 

carbon pricing and tax credits
• supportive legal and regulatory frameworks 

governing CO2 storage.

• Regardless of the more favourable incentive 
environment, EOR has been a crusial factor 
helping USA nd Canada to achieve the leading 
postion in CCS market.
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As an example, a far 
reaching strategic 
approach were outlined 
by the Parliamentary 
Advisory Group on CCS  
for the Secretary of 
State for Business, 
Energy and Industrial 
Strategy in UK  
(September 2016)



Conclusions

Technology development for Oxyfuel CFB plant
 Extensive R&TD activities has been carried out to develop oxy-fuel CFB power plant 

technology during the past ten years
 In the CCSP program, the focus has been on improvement of modeling capabilities (Oxy-

CFB combustion process and furnace models, dynamic simulator of Oxy-CFB power plant)
 Improved 3D CFB model and dynamic simulator was utilized in development of a 600 MWe 

scale oxy-CFB boiler concept with high oxygen oxidant.
 Performance estimates for a multi-fuel oxy-CFB boiler was provided for the feasibility study 

by Fortum.
 Oxy-CFB technology is ready for commercial scale demonstration.

Incentives towards CCS commercialisation still required:
 Currently there is insufficient incentive and regulatory framework supporting CCS globally, 

and especially in Europe, providing long term predictability for investors to invest in CCS.
 Hence, Europe lies behind in deployment of CCS compared e.g with USA and Canada
 New round of CCS deployment is expected after the Paris Agreement gets in force on 4th 

November 2016, followed by the EU and national legistlation in Europe
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