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To start with: a brief overview of SUNRISE

e SUNRISE - Making Artificial Photosynt... o : ~»
» - Aregarder plus tard - Partager °

— More on: https://sunriseaction.com/resources/
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A CSA with 20 Partners + = 250 Supporters
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From a fossil-based.... to a circular solar-powered economy

»> Today’s energy production system strongly

depends on fossil-based energy sources and raw g;‘;‘l‘l'ir’ee 2050
materials economy

» Their intensive use depleted the Earth’s reservoirs, 6 @
ans caused a significant increase of the carbon =

dioxide concentration in the atmosphere = C@ @g@

» Latest reports point out the tremendous

consequences of the ongoing warming on Slow adaptation Fast adaptation
ecosystems, resources and accordingly society in
general
» In EU, energy and transport sectors generate the
major part of GHG emissions (54% and 24% in 2016)
> Chemical industry, one of the largest industrial GHG

Fossil-based
economy

emitters in Euro pe © Carina Faber, UCLouvain; Icons made by Freepik.

Vision, Goals XX Sun



From a fossil-based.... to a circular solar-powered economy

‘o

Paradigmatic change of the economic system

accelerated by SUNRISE
Wy ®

* unsustainable

limited

* environmental impact

* geopolitical dependencies

)
a
o

* sustainable

* unlimited

* environmental friendly

* locall regional approaches

Vision, Goals




THE ONLY ABUNDANT PRIMARY ENERGY IN EU: SUNLIGHT

Global horizontal irradiation Europe

Global mean solar
energy on the EU surface
5.5 101> kWh/year

solargis
hittp:/solargis.info

EU primary energy

consumption
1.8 103 kWh/year*

verage annual sum (4/2004 - 3/2010)

0 250 500 km
o [ ]
< 506 1100 i300 1500 1700 1900 > kWh/m2 © 2011 GeoModel Solar s.r.o. O 3/, O t e SO ar In ut
I[85 (. 1pP/an = 19 1T W/ L]

*Eurostat, 2019
=~ 1.6 Gtoe/year
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from key chemicals ... to societal goals
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TARGETS AND PHYSICAL CONSTRAINTS:
CHEMICAL REACTIONS AND SITE- SPECIFIC IRRADIATION

HCOOH
H,O ]— H, CO, syngas
CO, t— CH;0OH
N, | NH, CH,
CH;CH,OH
J Jetfuels ‘
. Ethanol (ton/ha yr)

« Ammonia (ton/ha.yr)
« CO, (ton/ha.yr)

From lab devices to hectare scale pilot plants

Targets, Challenges




Now 2025 2030 2050 Vision

asing Seasonal Negative Net zero Solar-driven
ions storage emission carbon circular
demonstration emissions economy

Decentralized .
carbon-free Cost-competitive
production decentralized

Cost-competitive
large-scale

EEEUCU c production
Cost_- ) o
Cost- competitive EU-wide
competitive decentral_lzed massive
large-scale production deployment

production

Cost-

competitive
E decentralized
production
m a Direct Air Carbon
Capture and Cost-competitive,

Conversion mid-scale jet fuel
© Carina Faber (UCLouvain) production

https://sunriseaction.com/sunrise-releases-its-technological-roadmap-to-a-clean-energy-eu/



Technologies with different maturity

» Electro- and thermochemical approaches
v'high TRL, ready for the short-term
v'storage of excess electricity from renewable sources

» Direct conversion via photo(electro)chemical systems

v'grid-independent: go directly from sunlight to the final
chemical product

v'decentralized solutions

» Direct conversion via bio(hybrid) systems
v'living photosynthetic cell factories
v allows for simple, cheap devices




@ v NOW 2025 2030 2050 Vision
T Sustainable

o i Pilote plant bod
Demonstration plant (30% STH, 3€/kg ydrogen

Y ELT (20% STH, 4€/kg production:

i hydrogen, tralized,
high costs hydrogen, 20MW scale) \ 100015/ 400MW scale) ?:Pg zslgaele

[

|
Wim
—O— Lab-stage device at Commercial device  Solar fuel Sustainable
V4 | B o

(o)
(o] scarce materials

© Carina Faber, UCLouvain

1m’ scale with integrated farms, hydrogen
Lab-stage (10% STH, 1 year hydrogen collection individual production:
(o) 19% STH stability, kW scale) and storage households  decentralized,
low stability (10% STH, 1 year equipped small-scale
o] noble metals stability, 100kW with panels

E scale) D

Safe device without - N

urging needs Individual Su;;z::r:lﬂg

fl% STH, 1 year stability) households equipped Srod ctﬁ: 2

Lab-stage - with solar hydrogen . 4 coiralized.
1-3% STH Safe device without baggies | small-scalé

© Carina Faber, UCLouvain

urging needs

D 5% STH, 1 year stability) E

@ Carina Faber, UCLouvain
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Roadmap — Major Milestones Hydrogen X sun




NOW 2025 2030

Demonstration
plants:

UK (Siemens/RAL) low pressure processes
Australia (Engie)

Novel catalysts and plasma-assisted
processes for low temperature and

2050 Vision

Sustainable
Haber-Bosch:
green hydrogen,
low temperature,
low pressure

I e —

Critical assessment
of literature data

Multitude of
proposed catalyst
materials in the lab

@ Carina Faber, UCLouvain
Significant improvement
of synthesis rates via

> 2 orders of magnitude
faster catalysts

Significant improvement
of synthesis rates via

1 order of magnitude
faster catalysts

© Carina Faber, UCLouvain

Significant improvement
of synthesis rates via
ATP-independent
nitrogen-fixing enzymes

System integration of
novel catalysts into
membrane-based
electrolyzers

based on advances in
electrolyzers

Photoelectrochemical
device with 10% solar-to-
NH3 efficiency

(based on advances in
solar water splittirllﬁ

with integrated N
collection

S
hrs%urNH +ccilectio|1

[© Carnina Faber, UCLouvain

Roadmap — Major Milestones Ammonia

Efficient and cost-
competitve
electrochemical
ammonia
production

Efficient
photoelectro-
chemical
device for
decentralized
ammonia
production




2025 2030 2050 Vision

Demonstration: Field devices:
sn&all scallle Iablorato 1-10 MW scale
industrially relevant intensities  energy efficiency 55%
stabilities over 10000 h 2 e
energy efficiency 40%
product selectivity 75%

Sustainable fuels/chemicals:
high product volumes

GW range

CO2 from air

—
|

2025 2030 2050 Vision

Coupling with direct air Commercial . Decentralized production
capture technologies photol(electro)chemical with 30% efficiency
device fully autonomous

I \ solar-driven

NOW 2025 2030

Products TRL 4 DEMO plant TRL8 plant in operation,
(e.g. lactic acid) 10 t/ year 100 kton/year
competitive price

Products PoC DEMO plant ‘ Large scale production

(e.g. butanol, ethylene) || t/ year

[]

(kt/ year)

.




»combine in one single-step the capture and conversion of CO, and in the
long-term will enable the decentralized production of chemicals and fuels
with high efficient solar energy devices.

»CO, capture often uses alkali or amine solution and CO, is captured under
the form of carbonates or carbamates. Captured CO, can serve as
electrolyte or intermediate for direct reduction to CO or hydrocarbons. Such
an approach is developed in different recent studies.

2025 2030 2050 Vision

Oxygen-tolerant Thermochemical Photoelectrochemical Direct Air
catalyst electro route for direct route for direct Capture and
conversion of absorbed conversion of CO2 conversion of CO2 Conversion
CO2 commercially commercially fully deployed

‘ available ‘ available |

Roadmap — Integrated Carbon Capture and Conversion £ sun




(SOME) CHALLENGES

Highly efficient harvesting of solar photons (90%)

Robust materials under different irradiation conditions AN

INTERDISCIPLINARY
ENDEAVOR

Catalysts made on earth abundant elements

Advanced modelling and HPC for material design
Scaling up at the industrial level on a large scale

Efficient use of the Earth's surface and urban space

High Energy Return On energy Invested (EROI)

From social acceptance to social commitment

Conclusion




SUN:ERGY,

Frédéric Chandezon (CEA)
= Deputy coordinator of the SUN-ERGY initiative E"'EQGYX

www.sunriseaction.eu

This project has received funding
from the European Union's Horizon
2020 research and innovation
programme under grant agreement
No 816336

www.energy-x.eu

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No
820444,



the S|ster project

T\ Demonstrators

Power plant ""co,

1 Non-edible biomass"

Sy

O » Carbon-neutral aviation
Fuel transmission fuels (kerosene)

\ 4 | \ » Decentralized fertilizers
| A N = .
LV Y - 2 > & 6 4
Electricity.:' SOO ' ‘@ (ammOnIa and urea)
\ ~ Fuel storage
Fuel cells | ‘
‘ = H, storage ,/\

www.energy-x.eu
BattenesL %H w \ ’ \ ? 17

Battery-, fuel cell- or combustion-powered transportation Chemicals and matenals



W “En route” for the new
Initiative

March 2019 Start of the CSAs SUNRISE and ENERGY-X (FETFLAG-01-2018)

June 2019 Joint Partnership proposal “Fossil Free Fuels, Chemicals and
Materials for a circular economy (3FCM)”

Aug 2019 Merging at the end of 2 the CSAs announced (EuropaCat)

g rise + ENERGYX _> SU N_E RGY

February 2020 Establishment of a common S&T implementation plan and a
common governance
End of the two CSAs

After march 2020 SUN-ERGY initiative 18



EuropaCat 2019

21 August 2019

Representatives from the EU Horizon
2020 CSA) SUNRISE and ENERGY-X
announced their joint cooperation
on August 20, 2019 during the
14t European Congress on Catalysis,
EuropaCat 2019. The two initiatives
will  continue to pursue their
roadmapping actions until February
2020, when they plan to merge in a
new initiative, with a new name.

19
https://sunriseaction.com/sunrise-energy-x-joint-cooperation-major-step-towards-building-climate-neutral-eu/




SUNZERGYAR I LEHELT LR,

By using energy from renewable sources (sunlight, wind) and abundant
molecules (CO,, water, N,), the aim of SUN-ERGY is to produce fuels and
chemicals with a circular economy approach.

1 CG,

Technologies with a

Storage of renewable Production of fossil-free hase chemicals ) )
energy as liquid fuels for industry and agriculture negative GO, footprint



SUN:ERGYSRLLITLIY

ENERGYX

SUN-ERGY

i

= Sunrise

30 partners from

14 countries

(BE, CH, CZ, DE, DK, ES, FI, FR, IT, NL, NO, PL,
SE, UK)

Currently = 300 supporters from academia,
industry (about 50 companies so far), NGOs,
governmental and local authorities

From more than 25 countries across Europe
and beyond (including USA, Africa, Australia)

21



W Current organization

and actions

SUN-ERGY board with members from academia and industry with a
balanced composition from the two consortia. Coordination by Bert
Weckhuysen, with deputy Frédéric Chandezon.

During the course of the 2 CSAs (= February 2020)
— Joint manifesto

— Common S&T implementation plan
— Common approach on governance scheme and processes

— Discussions with the EC and members states to pave the road
towards a SUN-ERGY European Large Scale Research Initiative. =



A tentative plan for the

future

1 — Ramp-up phase To bridge after the end of the 2 CSAs with a ramp-up
(before 2024) phase: new CSA + calls for collaborative projects (RIA and
|A) from the roadmaps SUNRISE/ENERGY-X with the CSA

ensuring the coordination
2 — Partnership (starting in 2024) SUNERGY/3FCM partnership in 2024 ?

Take home messages:

— SUN-ERGY must fit in the structure of HE

— Avoid a fragmented approach: partnership rather than mission

— HE under construction: it is taking place now |

— Participation of industry, support of countries (MS & AC)

— Keep aware that we exist (european and national events, SUN-ERGY brand)




W On the longer term:
Partnership proposal
3FCM: Fossil Free Fuels, Chemicals and Materials for a circular economy

E Goal: Solve the following 3 grand challenges:
1. Storage of renewable energies as liquid fuels;

2. Production of basic chemicals for the industry and agriculture without
fossil resources;

3. Negative CO, emission technologies,

to be achieved by using abundant and ubiquitous molecules (H,O, N,, CO,)
as feedstock, renewable energy sources (e.g. sunlight, wind) and an
overarching circular economy approach.

— Submitted to the shadow committee on partnerships via the national contact of
10+ members states (June, September 2019) for Zpagg



SUNTERGYARL'K

Because it can provide solutions to have the right amount of energy

— At the right time

— On the right location

— In the right form

— At the best efficiency

— At the highest yield

— With efficient materials on demand
— And.... at the best price!

without depending on external and heavily polluting fossil resources.

25



The SUN-ERGY community (= 300 members from
academia and industry and from 25+ countries)

— is ready to act

- is exploring various possibilities in the new
framework of Horizon Europe to have a long term
effort with a united European Large Scale Initiative

covering SUN-ERGY
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SUN-ERGY

- Contribute to the roadmap

- Help us achieve a large-scale
Initiative " vz
the world’s first climate

- Become a supporter neutral continent.

On Sept. 10, Ursula von der Leyen unveiled the
new College of Commissioners




SUNZERGY,

Thanks to all colleagues involved in the
SUNRISE, ENERGY-X and SUN-ERGY initiatives

Thank you for your attention
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Thank You



