il

it

I

i

f

il
T

il

|
1’

.

)L
bl
paldens

B ||”r

POWER-TO-X: TECHNOLOGICAL ADVANCES FOR CCU
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m 1o PR Pre-Paris
: 3.6-4.2°C
temperatures relative to 1850-1900 mean 114 years of current emissions

< 700 Gt le

Before Paris, mankind had emitted about 2500 Gigatonnes of Greenhouse Gases. 1 1) Current Policies
In the six years since then, it added more than 300 Gt, about 50 Gt each year. | 2.7-3.1°C

75 years of current emissions

i

Pledged Policies

2.1-2.5°C

50 years of current emissions
L TID i

1900 Stockholm Rio Paris
3200 Gt left Conference  Conference Accord Below 1.5 Pathway
fOF 150 path 2500 Gt |€ﬁ 2000 Gt |€ﬁ 1000 Gt Ieﬂ 13 years Of Cu.rrem emissions

and negative emissions
after 2070

stylised global mean temperatures 1900-2100 | design by Alexander Radtke
data and methodology on wwwwarningstripes.com
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LEVELIZED COST OF SOLAR AND WIND DERIVED POWER VERSUS DEPLOYED CAPACITY

a) ® Solar PV @ Concentrated Solar Power @ Onshore wind © Offshore wind
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Cumulative Deployment (MW)

s Grim et al., 2020. Transforming the carbon economy: challenges and opportunities in the convergence of low-
OO~ Notfor distibution cost electricity and reductive CO,, utilization. Energy & Environmental Science, 13(2), pp.472-494. 5




LS POWER TO X & CCU
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fr \"/1{eB POWER2X DEPLOYMENT ROADMAP
Small Scale/Household Application Utility Scale Application
Electricity A= Fresh Water [ _ Dedicated Renewable Plants
—1

Electricity
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@Jxalic Acid

VALUE-DRIVEN CO, CONVERSION @ caproic Acid

. Succinic Acid
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. Isobutanol

O Formic acid: small market, but H, carrier and ‘liquid syngas’
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O oOxalic acid: small market, but high value/volume derivatives

) Fuels:

egislation, incentives / large market
Profit potential relates to:

Market price

Value Ratio =
Unavoidable cost
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ELECTROCATALYSIS RESEARCH & DEVELOPMENT @ VITO

Industrialization/

» r‘ h f r\,
PROCURA

The blgger picture Demonstration/pilot Commercialization

Stacking/system integration

Flow cell

-
n

CO, reduction to CO ('20) \
Demo E2C on CO, reduction to HCOOH demonstration ('18)
PROCURA —(demonstrator - platform)

Bio-conversion of CO, (Bac-2-Fuel/Indian Oil) (“18)

EU project —demonstrator CH,0H (“20)

Labscale

Catholyte
[ T |

PhD on CO, reduction to oxalic acid (“18)

PhD + postdoc on CO, capture and conversion (‘18)

postdoc on N, reduction (‘20)

EU project on electrochemical biomass conversion (organic electrochemistry) (‘18) 9
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CO2 ELECTROLYZERS

= H2020 LOTER.2M and ETF PROCURA projects TRL 6 - 5 kW pilot in progress today
= ECO2FUEL Green Deal project: 50 kW electrolyzer in 2023

= Towards renewable fuels — ranges (e.g. methanol, C;-C, ...), also gasses: H,, CO, ...
= 50 kW (5000 h/y): 20 t methanol/y (100 % select., 50 % nenerey)
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DEMONSTRATOR CONSTRUCTION
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QUALITATIVE EVALUATION OF
PRODUCT EASE OF FORMATION

Rate of Energy

. . . b d
Species Formiatione Selectivity Efficency’ Current TRL
Carbon A ) ) !
Monoxide High High High High

Ethylene High  Medium --

Formate  Medium  High Medium

Methane ~ High High Medium High

Acetate - High Medium -

Methanol ~ High High High High

2 High: >200 mA/cm? (or commercial TC), Medium: 200 >/>100 mA/cm?, Low: <100 mA/m?
® High: >80%, Medium 80% > FE > 60%, Low: < 60%

“High: >60%, Medium 60% > EE > 40%, Low: < 40%

¢ High: Operated at TRL > 6, Medium: Operated TRL 4-6, Low: Operated TRL 1-3

7/11/2021 Grim et al., 2020. Transforming the carbon economy: challenges and opportunities in the convergence of low-
OVITO = Not for distribution cost electricity and reductive CO,, utilization. Energy & Environmental Science, 13(2), pp.472-494.
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f \"/1{eJll CONCLUDING WORDS

» Thermochemical and bioelectrochemical routes offer the most technically feasible near-term
opportunities for CCU, representing immediately deployable pathways to high-value and
relatively high-volume products = face inherent challenges with respect to lower equilibrium
conversion (thermochemical) and a limited C1-C3 product distribution (biochemical),
potentially hindering their long-term viability

» Direct electrochemical pathway show long-term promise and can theoretically overcome these
limitations, yet currently face numerous technical barriers preventing near-term market
adoption

» The products with the highest ease of formation were CO and methanol based on relative TRL
and conversion metrics, representing immediately deployable entry points for CO2R.

» For the efficient conversion of electrical energy to chemical bond formation in seasonal or off-
peak energy storage applications, CO and formic acid represent the top near-term targets.
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