VOLTA

Electrification of the Chemical Industry

CHEM

VoltaChem, energized for action!

Update program results & next steps
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Industry as enabler for sustainability

From fossil feedstock to renewable electricity as primary energy source
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Why...

Transition to a sustainable society ...

— Deep decarbonization of industrial clusters.
— Closing the loop of energy and materials.

— Energy storage for fluctuating renewable electricity.

... creates market opportunities
— Overall increased production efficiency.
— Utilizing upcoming feedstocks and energy sources.
— Production of new materials and fuels.
— Increasing sustainability profile.

EMPOWERING
THE CHEMICAL
INDUSTRY

OPPORTUNITIES FOR
ELECTRIFICATION

mission (im)possible
. f forindustry?
¥

Powered by: TNO & ECN




What...
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Electrochemical reactor development Upcoming tech nologies: Plasma
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Who...

Electricity sector

% “} |

Component providers Technology providers

Equipment industry

Renewable electricity

Solution providers Engineering service provide

Fuels
. Refineries Commodity chemicals Ll
Grid operators (Petro)chemical industry - ;
Materials

Biochemicals

Fertilizers
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VoltaChem: Our mission
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Public-Private Shared Innovation
Program of ~4 M€ / year, initiated in
2015 by TNO, ECN and Topsector
Chemistry.

Accelerate innovation and
implementation of industrial
electrification for decarbonization of
industrial production.

Initiate and facilitate collaborative
development of technology and
associated business models.

Addresses both the indirect and direct
use of electricity within the chemical
industry, involving stakeholders from
chemicals, energy & equipment supply.
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Our application focus

National Dutch energy use
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Our application focus
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Focus on value chains: Fuels, Plastics & Fertilizers
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Our technology focus

Power-2-Heat

Electricity Grid

Waste
heat

Useful

heat

Heating
systems

Power-2-Hydrogen

Decentralised
electricity

Feedstocks
(e.9. CO; Ny)

H,

Raw product
H, (e.g. NH;,
fuels)
v P——
Mobility ‘
sector - |
Final
CH, product
A 4
ot | [ oS
gasgrid chains

Power-2-Chemicals
Specialties

Feedstocks
(e.g. biomass-
derived)

_‘

Raw product

Final Further
product conversion

Specialties & (J
pharma.

supply chains

Commodities

Decentralised
electricity

Feedstocks
(e.g. oil, CO,)

Raw product

Final product

Large volume
supply chains

|

dulpuelsiapun walsAg

Powered by: TNO & ECN



Maturity of Technology

Application areas:

Guiding choices in the Program lines

Program lines: Plastics Fuels Fertilizers

Development of key technologies

Power-2-Heat

Making processes more efficient
through upgrading, compression
heat pumps, and alternative concepts

Idea phase
TRL1-2

Power-2-Hydrogen

New electrolyser concepts producing Lab research

P - ®

hydrogen as a feedstock for production TRL2 -4
of fuels and added-value chemicals
Pilot testing
Power-2-Chemicals TRL5—6
Advanced electrochemical conversion
technologies combined with process P Towards
integration, modeling, and costing o,:‘ commercialization
TRL7-9

Power-2-Integrate / System integration
Analysis of business cases and synergies
between industries to advise companies and |

support policy decisions

Tools validated
& applied

]
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Implementation roadmap

Plastics, Fertilizers & Fuels value chains

Capacity
(MWh)

N

Power-2-Chemicals

—_—

Power-2-Hydrogen

H, & CH,4 to Chemicals

Commodity Chemicals

Feedstock: renewables

Power-2-Heat biobased, CO,, H,O & N,

—_—

Upgrading

Power-2-Chemicals

—_—

Specialty Chemicals

Power-2-Chemicals Feedstock: fossil,

e renewables, biobased

Fine Chemicals Feedstock: fossil

Power-2-Integrate - system integration & business case studies

> Time

Now 2030 2050
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Our development focus

Power-2-Inteqgrate

Technology scouting & developing economic, life-cycle & system
models to better understand electrification opportunities.

Power-2-Heat

Developing and testing electrically driven heat production
systems for low and high temperature.

Power-2-Hydrogen
Developing and testing electrochemical production of hydrogen
and further conversion towards fuels and added value chemicals

Power-2-Chemicals

Developing a paired electrosynthesis technology platform for:
— selective oxidation of biobased feedstock to chemical
intermediates for plastics.
— direct conversion of CO2 to commodity chemicals & fuels.
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VoltaChem results overview 2017
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VoltaChem financing VoltaChem collaboration partners

21 projects

(2017)

Results 2017 (compared to 2016):

Community participation: Technology scouting and discussion gr

Exclusive events, conference reports, roadmap updates, high-level results. ¢ 11 9 21 prOJeCts
» 22 - 38 collaboration partners
Programme participation: Pre-competitive programmatic R&D e 7215 paid Community members
Multi-year participation in the adaptive long-term research program. .

1 - 6 patent applications

Project participation: Pre-competitive linear development
Pre-competitive multilateral projects with fixed scope/time/budget and non-exclusive rights.

Commissioned projects: Contract R&D
Exclusive bilateral projects with fixed scope/time/budget and exclusive rights.

Indirect participation: Subsidy schemes
Involvement in public subsidy schemes (H2020, NWO, INTERREG) in which VoltaChem participates.

VoltaChem collaboration models
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VoltaChem activities 2017

Capacity
(MWh)

- Electre (POSTER)

Play - Fledged ls value chains

- H2Future
- FlexP2Gas
- NextGenP2H2 (POSTER)

- Hybrid Energy Systems (POSTER)
- HT heat pump testing (POSTER)

Power-2-Heat

—_—

Upgrading

_—

Fine Chemicals

Power-2-Chemicals

Now

- Electrification potential NL (POSTER)

- Businesscase tool development (POSTER)
- Power-2-Gas-2-Refineries (POSTER)

- DDP Power-2-Hydrogen (POSTER)

- ReNew Lay-of-the-Land (POSTER)

- ALIGN

Power-2-Hydrogen

H, & CH,4 to Chemicals

Power-2-Chemicals

—_—

Specialty Chemicals

Feedstock: fo
renewables, b

Feedstock: fossil

Power-2-Integrate - system integration & business case studies

Power-2-Chemicals

—_—

Commodity Chemicals

- E-Triple-C Power-2-CO
- E2C Power-2-CO
- Eleceret Power-2-CO-2-Ethylene

- Electrochemical business case toolbox
- Paired electrosynthesis platform

- Power-2-H202 (POSTER)

- Power-2-FDCA (POSTER)

- Power-2-LacticAcid (POSTER)
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Results Power-2-Integrate

Energy consumption (TWh)
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is.
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Results Power-2-Heat

Technology Knowledge

Education

Flexible Industrial Heat
Management Platform
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Results Power-2-Hydrogen

Green Hydrogen Platform
for fuels & feedstocks H2FUTURE

Green Hydrogen
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Results Power-2-Chemicals
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Future electrochemical
Biobased & CO2 conversion
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Further program development

Initiation
2014-2015

Collaboration
2015-2016

Expansion
>2016
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Next step: An industrial fieldlab

Future proximity of renewable energy Large Dutch Energy & Industry cluster
Need for storage & flexibility Serious decarbonization objective

Industrial Demonstration & Implementation Power-2-Heat/-Hydrogen.
Pre-competitive Development & Piloting Power-2-Chemicals.
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Vo LTA Electrification of the Chemical Industry
CHEM

More results, ideas and plans at
posters, breakouts & networking!

... and become member of our VoltaChem Community
for being involved on a regular basis in 2018!



