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A middle-of-the-road scenario
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NET ZERO emissions should be reached 
by mid-century

The more emission reductions are delayed, the more CO2 removal from the atmosphere is needed!



Bioenergy with CCS – the scale? 
 In pathways limiting global warming to 1.5°C, 

BECCS deployment is projected to range from 
• 0–1 GtCO2 per year in 2030
• 0–8 GtCO2 per year in 2050 and 
• 0–16 GtCO2 per year in 2100. 
 The median commitment to BECCS in 2100 is about 

12 billion tons of CO2 per year, equivalent to more 
than 25% of current CO2 emissions. 
 CCS and bioenergy are among most important 

technologies for achieving climate policy objectives!
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Some activities on bio-CCS
 UK

• Drax Power Station, 1 t/d BECCS pilot

 Netherlands
• Port of Rotterdam CCUS Backbone Initiative
• Waste incinerator Bio-CCU pilot, AVR Duiven, 60 kt/a
• Twence WtE Bio-CCU, 100 kt/a

 USA/Canada
• Archer Daniel Midlands bioethanol with CCS, 1.1 Mt/a
• Arkalon bioethanol with CCS, 0.7 Mt/a (EOR)
• Bonanza bioethanol with CCS, 0.1 Mt/a (EOR)
• Husky Energy bioethanol with CCS, 0.1 Mt/a (EOR)

 Japan
• Toshiba biomass-fueled CHP with CCS, 500 t/d

 China
• Biomass fired/co-fired plant(s) with CCS
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 Sweden
• Stockholm Exergi, Värtan CHP BECCS pilot

 Norway
• Norwegian full scale CCS projects (Norcem

Brevik, Fortum Oslo Varme, Northern Lights)

 Finland
• VTT, Bioruukki bio-CLC pilot unit



Pulp mills are also attractive for bio-CCUS 
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Courtesy of Valmet

 95-100% bio-CO2

 Excess heat available
 Large point sources of CO2

 Capture cost depends on degree of 
integration and policy scenario*
 Pulp mill ~50-90 €/t CO2

 Pulp and board mill 79-90 €/t CO2

 Negative emission credit could 
significantly increase the profitability

* Onarheim, K., Santos, S., Kangas, P., & Hankalin, V. (2017). Performance and cost of CCS in the pulp and paper industry part 2: 
Economic feasibility of amine-based post-combustion CO2 capture. International Journal of Greenhouse Gas Control, 66, 60-75. 
https://doi.org/10.1016/j.ijggc.2017.09.010



Bio-CHP with bio-CLC for bio-CCS
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Chemical looping combustion of 
biomass successfully demonstrated 

at VTT in Finland

 Chemical-looping combustion of 
biomass (bio-CLC) enables:
• Low operational capture costs

(15-25 €/tonCO2)* 
• Relatively low capital costs
• High total efficiency

Air Fuel
* Anders Lyngfelt, Bo Leckner (2015)

http://publications.lib.chalmers.se/records/fulltext/227433/local_227433.pdf


CCS and CCU complement each other
• CHP generates heat and power flexibly
• CCU provides oxygen and load for CHP

Integration of CCU is beneficial…
• Decreases fossil CO2 emissions on 

system level
• Notable income from frequency

containment reserve (FCR)

… but overall, still not economically sensible
• Investment cost should decrease by 20%
• Feasibility relies on subsidized negative

emissions

Bio-CLC for CCS and CCU – a case study*

* Kärki et. al. New business opportunities based on biogenic carbon 
dioxide utilization. GHGT-14, 2018

https://www.vtt.fi/sites/bioeconomyplus/PublishingImages/julkaisut/GHGT-14%20presentation.pdf


CCS vs. CCU
Rugby field Football field

• Fossil carbon is 
explored

• Carbon enters the 
anthropogenic system 
as an energy carrier

• Climate impact comes 
from storing the 
generated CO2
permanently back 
in the ground

• Fossil carbon is kept in 
the ground 

• Carbon (CO2) does not 
contain useful energy

• Climate impact comes 
from the replacement of 
use of fossil resources

CCS and CCU are different types of 
medicine for different type of decease



 Container scale, easy to transport, easy to 
connect to gas streams

H2 SOURCES

CHEMICALS

FUELS

SYNTHESIS 
TECHNOLOGIES

CO2 SOURCES

Circular Economy (of carbon) handshakes 
with Renewable Energy Revolution



Comparison of the main CO2-utilisation sectors

https://www.vtt.fi/sites/BioCO2

Adapted from:
[1] Carbon dioxide utilization – ICEF Roadmap 1.0 Nov 2016
[2] SCOT Project (2015). A VISION for Smart CO2
Transformation in Europe Using CO2 as a resource.

(Bio)-CCU product is a 
carbon neutral energy 
carrier or raw material 

if associated with 
renewable electricity

 
 
 
 
 

https://www.vtt.fi/sites/BioCO2
http://www.icef-forum.org/platform/upload/CO2U_Roadmap_ICEF2016.pdf
http://www.scotproject.org/images/SCOT%20Vision.pdf


Power-to-Fuels with bio-CO2
Audi Werlte Plant – Power to synthetic natural gas

 CO2 from biogas upgrading plant
(2 800 t/a)

 Start-up: 2014
 Electricity input: 6 MW
 Methane output: 3.2 MW
 CH4 content in end-product

~95 vol-%
 Power to fuel efficiency 61.6%
 O2 vented to atmosphere
 Fuels for 1500 cars (á 15 000 km/a) 
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http://www.bee-ev.de/fileadmin/Presse/Mitteilungen/HM2015_Vortrag_Gregor_Waldstein_ETOGAS.pdf

http://www.bee-ev.de/fileadmin/Presse/Mitteilungen/HM2015_Vortrag_Gregor_Waldstein_ETOGAS.pdf


Power-to-X (P2X) route for liquid and solid 
hydro-carbons production (Fischer-Tropsch
synthesis) to be used e.g. in liquid fuels. 

Utilizing biogenic CO2 from bioethanol 
production which is currently vented out from 
the fermentation process.

Location: 
St1 biorefinery @ Jokioinen, Finland

Industrial bio-CCU demonstration

See VTT's press release for further info
www.vtt.fi/sites/bioeconomyplus    

https://www.vttresearch.com/media/news/vtt-and-st1-to-pilot-future-bioeconomy-climate-friendly-hydrocarbons-from-industrial-carbon-dioxide-emissions
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BECCU-concept: Heat, power, transportation fuels and fully 
CO2-based polycarbonate polyols for plastic industry



Key messages
 To limit global warming well below 2ºC, the carbon dioxide removal actions

must start NOW by all existing and potential measures
 Bio-CCS is the ONLY industrial scale carbon negative technology that 

can be deployed today
 Bio-CLC has a good potential for cost reduction of CCS with net-negative 

CO2 emissions
• Incentives (credit for negative CO2 emissions) are needed for technology 

demonstration and commercialization at industrial scale  

 Several possible bio-CCU applications near wider commercialization 
• P2X dependent mostly on electricity price (hydrogen)
• CCU business opportunities closer than with CCS
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Contact
Janne Kärki: janne.karki@vtt.fi

VTT Technical Research Centre of Finland Ltd
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@VTTFinland
www.vtt.fi
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