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P1: Ascenario in which social,
business, and technological
innovations result in lower energy
demand up to 2050 while living
standards rise, especially in the global
South. A down-sized energy system
enables rapid decarbonisation of
energy supply. Afforestation is the only
CDR option considered; neither fossil
fuels with CCS nor BECCS are used.

P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with

limited societal acceptability for BECCS.

P3: A middle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

P4:. Aresource and energy-intensive |
scenario in which economic growth and |
globalization lead to widespread '
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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GHG vs. CO , (DK)
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A MTCO2e: million ton CO2 equivalent
A MTCO2: million ton CO2

A Equivalent accounts for all greenhouse
gasses (GHG)

i N,O x 300 impact
I CH, x25impact
I Fluorides x 20000 impact

A CO, accounts for 75% in DK, 81% in USA

A Non-CO, emission mainly from
agriculture
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Negative emissions is not obtained by CO , conversion or
using CCS on fossil fuel

Negative emissions are only obtained by storing green CO 5
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Relevant industries

A Biogas upgrading

A Power industry (biomass combustion)
A Cement production

A Steel industry

A Silicium production

A Paper industry

A Direct Air Capture (DAC)

A Refining

A Fermentation

A Ethanol production

A Ammonia Production

A Aluminium production

A Natural gas cleaning

A Hydrogen production

A Large navy industry

A Combined SO, and CO , removal
A Acid gas treatment
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DTU CERE CO , projects & activities

A CASTOR (EU, -2006)
A Modelling CO2 capture (STVF, 2006 -09)

I Rate based modelling

A icap (EU, 2010 -14)

I Demixing solvents

A lonic liquids for CO , capture (STVF, 2009 -11)
A CESAR/CLEO (EU, 2009 -11)

A Chilled am. and amino acids for CO2 capture (2008

I Combined thermodynamic and rate -models

A CO, capture simulation (Ind., 2012)
A OCTAVIUS (EU, 2012 -16)

i Benchmarking, CAPE -OPEN

A CO, capture & hydrates (FTP, 2013 -2017)
A INTERACT (EU,2011 -18)

I Lab scale & pilot trials using enzymes

A BioCO2 (EUDP, 2017  -2022)
A 3D (EU, 2019 -2023)

i Steel capture, compression, liquefaction

A TCM large scale pilot (2018)

A BioReFuel (EUDP, 2020 -2023)
A SRIDOE (2018 -2021)

A ARC (EUDP, 2020 -2024 )

A ConsenCUS (EU, 2021 -2025)
A EERA (2014 -)
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i Preparation of consortia idea creation for new EU calls
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SEVENTH FRAMEWORH

PROGRAMME

WP4: Membranes

-11)

'WP2: Thermodynamic modelling

WP1: Phase change
solvents

! WP5: Technology evaluation

Novel power
cycles

IGCC

GTCC

WP3: Combined CO, and|

SO,
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OCTAVIUS

OPTIMISATION OF CO, CAPTURE
TECHNOLOGY ALLOWING VERIFICATION

AND IMPLEMENTATION AT UTILITY SCALE
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http://icapco2.org/0/31/home/
http://interact-co2.eu/index.php
http://www.sintef.no/Projectweb/EERA-CCS/
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Negative emission

CO, CO, 'T‘

co,
BECCS

biomass/
I CO; waste

CO, capture and storage i
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Typical sizes

A Power plants (biomass, waste) (400 MW)
I 220 ton/h
I 2 mil. ton/year
I 12% CO ,
i 1tonfuel ->1tonCO ,, approx
A Biogas plant (5000 Nm3/h)
i 3.9 ton/h
i 40% CO ,
A Cement production (AP)
I 270 ton/h
I 2.3 mil ton/year
i 18-20% CO ,
A Direct Air capture (Orca i Iceland )
I 0.5ton/h
I 4000 ton/ year
i 0.04% CO ,
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DAC systems

A Climeworks ( 600 G/ t-anGJton 6
A Carbon Engineering (100 -1500/t on)
A GlobalThermostat ( 1200/ t on)

AMI'T é (1 GJ/ton)
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Post - combustion capture & industrial CO

TurbinQ
A ARC CO, ;tga r
I 66% Biogen / | Lime
I 33% Fossil '
Biomass/

Waste

Air

Ash

, removal
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Solvent based Clean gas
CO, capture
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Pure

Industrial
gas
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O Industrial gas
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- Modelling Pilot tests
 venien JL A Energy consumption A Real life tests
UNIQUAC A Heat of reaction A Solvent study
PlPHzl-DIpH?.gH A ThermOdynamiCS A Packing testing
A Kinetics A Energy requirements
A Mass transfer

o r r r
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Wt % Piperazine
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Experimental Research co, Rich gas !
A Physical Properties Rich liquid |
A Equilibrium Simulation

A Variance analysis

A Optimization of energy use
A Optimization of packing

A Rate based approach

A Equilibrium approach

A Kinetics

-, - A Aspen Plus
—NE N . A Cape-Open we
plas—gs. o 4l
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DTU CERE Labs 0
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http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://chemtech.aalto.fi/en/research/chemical_engineering/equipment/excess_enthalpy/&ei=w0CHVbXAAsayswHOkYSICQ&psig=AFQjCNFBKIBGy1J9dOaB5JPzq7lNmpk87A&ust=1435013658943842
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Ongoing EUDP projects

A BioCO2 (CCS) (14 mill DKK) A BioReFuel (CCU) (16 mil DKK) A Be-Clean (P2X) (22 mil DKK)
I New principles for low i Biogasto MeOH i Low cost H,S removal
energy biogas upgrading i 400L MeOH per day i Electroschrubbing
i Energy reduction i 1SO -container i Full scale
I Transportable unit i 1/10 footprint
(container) 1
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