% s en T Copernicus Institute of
Ry Coivesitelt Utkechi Sustainable Development

dr. ir. Machteld van den Broek

Rolé of CCS t(‘)- save
humanity+




Sea Ice Extent (km?)

1,800,000 —
1,600,000 —
1,400,000 —
1,200,000 —

1,000,000 —

Impact of 1 °C all around us

Chukchi & Be

-

—

N

800,000 —

600,000 —

400,000 —

—

200,000 -

—

Combined Daily Ice

@ 2018

0 —

Alaska Center for Climate

Aprl5 May0l May 16 JunO1l Jun1i15

Uf’:ﬁ Assessment and Policy

Jul01  Jull

Source:https://twitter.com/AlaskaWx (7 July 2019)

Y

T T YT T T T Y

180"

—r : TR

SRR s T A A
@, Dally Sea Ice Concentration Analysis I'e '-'\,‘;l_» e
V NWS Alaska Sea Ice Program \ '?;’:} o -
MR o et

b AP | b

, W 4L !‘, (

b ASTN s T ¥ (P

M N

Analysis: Saturday 15 Jun 2019
Confidence: High to Moderate
¥ a | Tanth

175'W 170'W 165'W 155'W



https://twitter.com/AlaskaWx

Why CO, capture and storage

Net CO, emissions (GtCO./yr)
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https://www.cicero.oslo.no/no/posts/klima/stylised-pathways-to-well-below-2c
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Grey — hydrogen

300 ton H, per day

Blue hydrogen: capture
9 kg CO, /kg H,

Source: https://www.youtube.com/watch?v=ItXORzCCLPQ


https://www.youtube.com/watch?v=ItXORzCCLPQ

Green hydrogen

0.5 ton H, per day

Source: https:



https://www.utilities.nl/wp-content/uploads/2017/12/Siemens-FME-Industrie-en-Energie-2017_H2.pdf

CCS for negative emissions

Forests replanted after harvesting
so more CO, is removed from
the atmosphere Carbon dioxide
capture

Atmospheric carbon dioxide

Woody

........ S

Biological CO, sequestration Bioenergy conversion
plant to provide, heat,
power, hydrogen etc.

Carbon dioxide
transport

CO, sequestration

Also can sequester
some extra carbon into

the soil as “bio-char” Depleted petroleum

reservoirs, saline
aquifers, etc.

Source: https://royalsociety.org.nz/assets/documents/Report-Transition-to-Low-Carbon-Economy-for-NZ.pdf



https://royalsociety.org.nz/assets/documents/Report-Transition-to-Low-Carbon-Economy-for-NZ.pdf



https://www.climatecentral.org/news/first-commercial-co2-capture-plant-live-21494

Role CCS + focus Dutch government

Biomass | Natural Blue H, |[Electrolysis H,
gas from NG | (electrification)

Electricity -92 40 60
t/MWh (Allam 0)

(410)

Transport  Gasify | Several Gasify + 20
g/km + FT ] processes

(200)

Industry -450 40
t/MWh

(220)

Built env. X X X 40
t/MWh

(220)

Direct Air Capture

Source: M. van den Broek, Utrecht University



Shared Socio-economic Pathways (SSPs)

Population GDP Urbanisation
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Population: KC&Lutz, 2016; economic growth: Dellink et al., 2016;
urbanization: Jiang & O'Neill, 2016;
https://unfccc.int/sites/default/files/partl iiasa rogelj ssp poster.pdf



https://unfccc.int/sites/default/files/part1_iiasa_rogelj_ssp_poster.pdf

Socio-economic
challenges for mitigation

Shared Socio-economic Pathways (SSPs)
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https://unfccc.int/sites/default/files/part1_iiasa_rogelj_ssp_poster.pdf

Forcing level (W/m?)

Shared Socio-economic Pathways (SSPs)
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https://unfccc.int/sites/default/files/part1_iiasa_rogelj_ssp_poster.pdf

Role of CCS in energy system

2050 - world
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

Role of CCS in energy system

2050 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

Role of CCS in energy system

2100 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CO, captured in Integrated Assessment Models

2050 - world
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CO, captured in Integrated Assessment Models

2050 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CO, captured in Integrated Assessment Models

2100 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CCS in electricity versus other sectors

2050 - world
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CCS in electricity versus other sectors

2050 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb

CCS in electricity versus other sectors

2100 - OECD
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Source: M. van den Broek, Utrecht University, based on data from SSP Database (Shared Socioeconomic
Pathways) - Version 2.0, https://tntcat.iiasa.ac.at/SspDb and DOI:110.1016/j.gloenvcha.2016.05.009



https://tntcat.iiasa.ac.at/SspDb
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European power system in 2050
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Installed capacity in the Netherlandsin GW

Dutch power system in 2030
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Role of CCS in long term strategies

Natural Blue H, |[Electrolysis H,
aas from NG | (electrification)
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