IRENA insights

WEBINAR SERIES

Reaching Zero with Renewables:
Capturing Carbon

Presenter:
* Martina Lyons, End-use sectors and Innovation, IRENA

TUESDAY, 25 JANUARY 2022 14:00-14:30 CET

IRENA
International Renewable Energy Agency



IRENA insights

WEBINAR SERIES

SPEAKER

Martina Lyons
End use sectors and Innovation
IRENA

IRENA
International Renewable Energy Agency



IRENA insights

WEBINAR SERIES

Tl
S

EliSE AN ON-

IRENA
International Renewable Energy Agency



IRENA
insights

WEBINAR SERIES

Reaching Zero with Renewables:
Capturing Carbon

REACHING ZERO
WITH RENEWABLES

CAPTURING
CARBON

The status and potential of CCS, CCU and CDR
technologies, and their synergies with
renewables in the context of global pathways to

net-zero emissions.

bon



https://irena.org/Technical-Papers/Capturing-Carbon
https://irena.org/Technical-Papers/Capturing-Carbon

Holding the line at 1.5C means we need o act now
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Rapid phaseout
of coal power and
expansion of
renewable power

2021-2030

Rapid phaseout of
oil for transport
and feedstock

2031-2050
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® RE power addition rate
triples

® 73000 GW RE power
installed (x107,

® Systemic flexibility 90% RE power
policies worldwide ® 5000 GW electrolysers
enable VRE integration installed

® Carbon pricing {(with CBAM)
is sufficiently high worldwide
(= USD 75/tonne)

® Rapid decline in ICE car

sales worldwide ® Heat pumps play a
® Ramp up clean hydrogen crucial role in space

production heating

® CCSinindustry =1 Gt ] ® BECCS is deploved in
Bullding ermciency renovanon power and industry to
rate triples in Morth compensate remaining

® Governments accelerate grid fossil fuel emissions
and hydrogen infrastructure Electrification and
investrments renewables drive

. Supplylafs%stair%afnle ?:F'C'QHCY Qa"’;? o
minerals and metals ® (Clean ensrgy financing rises
ramps up to USD 4.dqf¥illionfyeagr [——

2018 2030 2050

® Biomass reaches 18%
of final consumption

® Cars and trucks are
mostly electrified
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Energy conservation
and efficiency

Renewables
(power and direct uses)

Electrification of end
uses (direct)

Process and
non-energy

Matural gas
Qil
Coal

Hydrogen and its
derivatives

r ™)
® o000

CCS and CCU
in industry

BECCS and other carbon
removal measures
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Potential of CCS, CCU and CDR in 1.5C Scenario insights

20% abatement potential with CCS, CCU and CDR

Abatements 2050

® coement

Renewables
(power and direct uses)

BECCS and other carbon
removal measuras and

technologies | 4.5 Gt pa

power/ heat plants _’ of CO. by 2050
2

. Chemical and
petrochemical

. . Heat plants
@ Energy conservation and

efficiency @ BECcs and other carbon

removal measures and Power
technologies | industry

Electrification in end use

CCS and CCU industry = 3 6 - 9 @ CCS - biue hydrogen
GtCO,/yr

of CO, by 2050 petrochemical

BECCS and other carbon
removal measures

sectors (direct) @ Hydrogen plants
@ ccu/ccs - cement, iron
@ Hydrogen and its derivatives and steel and chemicals @® cCement
for process emissions —b
3-4 tha . Chemical and
®

Iron and steel




IRENA
CCS and CCU in hard to abate sectors insights

/CCS, CCU for fossil fuel and process

emissions in industry aggressively scaled to
reach 3.4 Gtpa by 2050 and

« Would require cumulative investment of
3.4 tha around USD 0.9 frillion between 2021 and
2050

« CCS and CCU limited to the most essential
applications, and excluded fossil-fuel
based CCS for power production

« 2.3 Gtpain 2050 for CCS appliedin
cement, chemical and iron and steel
sectors

. H}rdrggen plants . Cement ® 1.1 thq in 2050 fOI’ The prOdUCﬂOH Of blue
derogen from natural gas with CCS /
@ cChemical and petrochemical @ Ironand steel

of CO, by 2050
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A larger role for BECCS and BECCU \'uns'gh's

Blogenlc carbon capture potentlal In 2050
Process group
GICO, o .
Power 443 ﬂECCS currently unproved in most con’reh
Heat 1.29

« Need for 40-50 EJ of biomass used with

S = BECCS (~1/3 of total biomass used in the
Chemicals 118 energy SYSTemS)

Pulp and paper 0.35 ofe .

P— — * BECCS ufilized in a range of processes,
Blorefinery 215 optimum application requires more detailed
Total 1012 investigation of costs, logisfics and

sustainable biomass supply chains

* |IRENA 1.5C Scenario: biomass-based
processes from which 10.12 Gtpa could be
@ Cement potentially captured and stored. Of that,
the Scenario assumes 44% actually
o et captured and stored
eat plants

« Cumulative investment of around USD 1.1
power \trillion between 2021 and 2050

@ Chemical and petrochemical

4.5 Gtpa b
of CO, by 2050
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DACCS/DACCU need:s further development & validation \'Mns'gh's

« DACCS/DACCU in early stages of
development

« Current capture: 0.9 kitpa of CO2 capture,
other plant under development would add
= an addifional 21 kfpa of CO2 capture

Climeworks CELBICON IT 0 L]

® Pilot and demonstration @ Commercial ® Laboratory

Status

Capacity Early U
Facility Location Mtpa/Co, development  constn

st SR o « Early experience: projects face high energy,
o e . water and land requirements, but offer
s oo I ; flexibility in terms of their location

Infinitree Usa - [ ]

- . * « Frequently guoted estimate at USD 600-800
- . t/CO2 avoided, newer studies lower costs USD
o — & = 94-232/1C0O2 avoided and needs to be

OXY and Carbon Engineering USA 1

zz::t:irsh demonstration CFL 0.000365 : d e m o n Stra te d
T R S + Large financial commitments to speed-up

e DACCS deployment - would allow offset some
AU - Australia, CA - Canada, CH - Switzerland, DE - Germany, ES - Spain, FI - Finland, IT - Italy, IS - Iceland, NL - Netherlands, Of 'l'he need for BECCS Clnd CCIp'I'UI"e hlSTOI’IC

NO - Norway, USA - United States.

Source: Based on Geoengineering Monitor (2019, 2021); NASEM (2019); Viebahn, Scholz and Zelt (2019). ) e m issi O n S e | S ewh e re
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ress in capturing CO2 is far too slow

Power Generation

CDR

Industry

Fossil fuel industry

CDR

( ¢ Power
) Generation

Huaneng (phase 3) . Cal Capture . Mustang .

Q-

.Cnmeyw\le

ACTL Nutrien P . South West Hub
labasl
Qilu sinopec .

Gas
Coyote .
Kemper County Caledonia Clean
Peterhead . Energy
Plant Daniel
9 Power Korea CS51
n Generation
Coal Petra Nova San Prairie State
Coolimba Kores C55 2 . Bridgeport . Juan
. Boundary Dam Haone
Don Valley .
RWE Project
- Sheng! Tundra
Mortheastern Station Medicine Bow Texas Clean [nopec snengl Gerald Gentleman Drax
Eneray Projeect
. Guodian Taizhou
_0, Westero Fortum Oslo Varme () . Stockholm Exergi
Ener: Zeros
ay Kiemetsrud ) Copenhill
Cement . .
E! A @ Anhui Conch Co2MENT Norcem Brevik Dalmia Cement
Steel
E Production .Ahu prabreest
Chemicals [ Yells
ﬂ Production Kurosaki @ @ Karamay Dunhua
@ vonchonc Lok
@ sinopec Zhongyuan Charles
Fertiliser
e @ FCs Nitrogen . Wabash

> Natural Gas Szank Field @

Processing
Century Plant

. Sleipner

Shute Creek

Terrell /
Val Verde

Core energy .

Bell Creek

Petrobras Lula Santos

. Lost Cabin
Snuhw(.

H21 North of England

o

Abu Dhabi CCS 2
Gorgon
. La Barge
.U(hmﬂmyan
Qatar Riley Ridge
PetroChina Jilin . LNG €CS . .

Current capture
~ 0.04 Gipa
Equal to 0.01% of
total global
energy and
process related
emissions

m Hydrogen
Production

Pouakai
. Preem H2 Plant

H-vision . . H2tomorrow

HzM Maanum
ACTL Sturgeon . . Koyali H2Gateway
@ rcomn . Shell Rotterdam
Great Plains Air Products SMR Quest HyNet North West
Air Liquide H2H Saltend

> Rotterdam

n g:gﬁﬁ'ca"l":'l Interseat Plainview .

Arkalon @ Bonanza . Ilinois Industrial Interseqt Hereford . . One Earth Energy

@ Direct Air - Climeworks « Huntsville s Heroya . OXY DAC

L Capture
Size of the circle is proportionate to
Chart indicates the primary industry type @ Operating @ Advanced development @ Under construction @ On hold/cancelled/suspended prop 0.2 1.0 5.0 MTPA of CO,

of each facility among various options.

the capture capacity of the facility.




Commercial and pilot/demo projects now

@ CCSpilots and demo DACCS pilots and demo

® ccs commercial @ BECCS commercial

@ occcs pilots and demo @ DACCS commercial
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Current volume of capture 0.04 Gtpa

0 CCS/CCuU:
« Commercial plants: over 20 in operation, 30 at
various stages of development
* Pilot and demonstration projects: almost 60
(closed, operating, in development)

0 BECCS/BECCU:
« Commercial: 3 in operation, 7 under
development
* Pilot and demonstration projects: 20 in various
stages of development
d DACCS/DACCU:
« Commercial: 2 in operation, 1 in development
» Pilot and demonstration projects: 15 at various
stages of development

With all commercial plants under development it may
reach 0.1 Gtpa in 2030




Renewables outcompete fossil fuel-based power plants IRENA
with CCS neignts

® Lower value @ Higher value
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FIGURE 4: Carbon chain

Source of CO 2. Utllisation
2 and storage
r T ' "‘~|| . T

Fossil fuels
Industrial processes
Biomass
Atmosphere

Oceans

Pre-combustion
Post-combustion
Oxy-combustion

Direct air capture

International Renewable Enargy Agency

e Pipelines _
(incl. compression)

® Ships
(incl. liquefaction)

* Trucks

* Rail

e 4 - Storage

-

~
e Saline formations
® Depleted oil
and gas fields
V.
-ﬁ
« EOR
® Plastics
e Materials
v,
™y
e Fuels
® Fertilisers
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Increasing role of carbon capture and utilisation

 Utilisation has a role in a net-zero pathway,
but should be limited to applications that
do not lead to later release of CO, back to
the atmosphere
« Improves economic feasibility of CO,
capture by creating a revenue stream and
compensate for a lack of readily available
and accessible CO, storage sites
« Applications:
% CO, to fuels (largest opportunity)
% Enhanced commodity production
s Enhanced hydrocarbon recovery
% CO, mineralization
s+ Chemicals production
« Requires: maturation of technologies,
proximate location of capture and
utilisation plants, potential commercial
market, social acceptance

Utilsation potentia In 2050
(Mt CO, utilised per year)
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Re-emission of utilised CO, and its time-scale

KPoses questions about the long- \

term consequences and difficult
to tfrace CO, across multiple end-
uses

» Aim to lock-in CO, emissions for
extended period of time

« Conflicting — plastics or EOR lock-in
effect, but detrimental to the
environment

International Renewable Enargy Agency

Timescale of release of CO,

Days Weeks Months

Decades Centuries | Millenia

\_ /

Likelihood of mlease

=
9
CO, derived fuels
{Fischer-T| h derived
fuels, ne, etch

;u LUrea,

T | methanaol

Mic fior

biofuels, biomass
or béoproducts

Buildin
"3 | CO-EOR

Plastics
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A lot needs to be done on multiple fronts in the next decade :V"s'gh's

/Scaled-up RD&D \ /Enqbling condiﬁons\ / Sustainability \

. Encourage public-private » Develop policies, . Sustainability of biomass
international RD&D regulafions and sfandards for BECCS
« Build FOAK, * Insfitutions & organisations « Consider LCA of

demonstration and Financial support emissions
lighthouses projects Hub-transport/storage
everywhere networks models

« Study and understanding Open access to
public perception information

Deployment of clusters

with hard-to-abate
\ / \indus’rry / \
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GRS, Thank you for your

CAPTURING

The status and potential of carbon I
capture and storage (CCS). carbon .

capture and utilisation (CCU) and
carbon dioxide removal (CDR)
technologies, and their synergies with
renewables in the context of global
pathways to net-zero emissions.

MLyons@irend.org
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THANK YOU FOR JOINING US!

SEE YOU IN OUR NEXT WEBINARS
www.irena.org/events/2020/Jun/IRENA-Insights

IRENA
International Renewable Energy Agency



