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Process industry ambition in line with the Green Deal

A vibrant community with a common strategic Vision
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A.SPIRE — European cross-sectorial association \
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+170

Members teaming up
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* Industries, incl. SMEs
e |ndustrial Associations & Clusters
e Consultancies

DG Rl — [
DG Grow ==

COMMISSION EUROPEENNE

* RTOs
* Higher Education Institutions
* NGOs

* Publicinstitutions
* |Innovation Agencies

* MS and Regional representatives

2050

Process
Industries

OPEN APPROACH: inclusive of different stakeholders and welcoming Newcomers

* Partnerships & EITs
* Financial parties
* New sectors

PROCESSES4PLANET

v’ Develop & deploy climate- \

neutral solutions

v Closing the energy and
feedstock loops

v'Achieve global leadership of
the Process Industry

v Accelerate innovation &
unlock public-private

investments /
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Solidif., stab. or vitrif. waste & minerals from waste treatm. juss 46

Three problems
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2016 waste generation in the EU-28, Mt
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Soils 494
Mineral waste from construction and 345
Household and similar wastes |u— 167
Combustion wastes | 118
Sorting residues jum—— 95
Dredging spoils jumssssm 90
Metallic wastes, ferrous s 75
Vegetal wastes pmmm 55
Wood wastes jmmm 55
Paper and cardboard wastes jmsm 51

Not in scope of
this roadmap

Mixed and undifferentiated materials

Animal and mixed food wastes

Common sludges

Glass wastes

Plastic wastes

Chemical wastes

Metallic wastes, mixed ferrous and non-ferrous
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Discarded vehicles

Sludges and liquid wastes from waste treatment
Metallic wastes, non-ferrous

Discarded equipment

Acid, alkaline and saline wastes

Used oils
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Spent solvents
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Healthcare and biological waste
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Climate neutrality ambition is strongly related to energy issues /\R-
|
|

Efficient integration of renewables and valorization of process

CCU (CO/C02)

*/ Heat reuse/upgrade

¢ x

Electrical Energy %‘ / » Energy output

Heat

Renewable Electricity integration Thermal Energy . Electricity
* Hydrogen
Industrial Processefk * Biofuels

Alternative fuels: H2 integration * Advanced fuels
Biomass/Waste

Electrification of furnaces Electrification of Processes
Energy efficiency




Circular resources ambition NSPrIR=

Disruptive process innovation to close the loops

Moving away from: Landfilling, Incineration at the end of a linear value chain

Safe & sustainable by design Demand on level of safety, quality, sustainability, labour conditions * 4
Primary W—\
resources Materials
Fuels FEEmES Consumer

AAdvanced processes
Resource Efficiency I Ao T Becycllng *
New Waste Water technology ’ / mdustry

/ Traceability of origin and quality of feedstocks, materials and prh'uct{ .
Innovative technologies for material up-cycling New technology and tools for

material tracing




Competitiveness ambition NSrIR=

Disruptive Process Innovation to transform process industry globally

EU Process Industries are highly exposed to global competition

*

De-risk Investments

Cost optimization (catalysts A\ JOBS
FINANCIAL FLOW Indust. Smb|05|s CIRCULAR
= ECONOMY
Generate a market for climate Ident|fy and foster new ‘
neutral & circular products skills ' SUSTAINABLE PROCESSES
= & MATERIALS
Available & Affordable Identify economical gaps and foster
Green Energy new framework conditions CIRCULAR REGIONS
Digitalisation & HA4Cs to n T - Drive Innovatior: Portoflio CLIMATE NEUTRAL
o towards FOAK’s plants CONTINENT

accelerate innovation



3 ambitions, 14 Innovation areas

Innovation area

Progress up until milestone year?

2024

2030

2040

2050

Renewable energy integration

Heat reuse

Electrification of thermal processes

Electrically-driven processes

Hydrogen integration

CO, capture for utilisation

CO, utilisation in minerals

CO, & CO utilisation in chemicals and fuels

Energy and resource efficiency

Circularity of materials

Industrial-Urban symbiosis

Circular regions

Digitalisation

Non-technological aspects
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! Progress is depicted here as % of total TRL9 projects programmed in each area, and for circular regions,
digitalisation, and non-technological aspects % of total investment needs until 2050



Industrial Symbiosis via Hubs4Circularity

Reduce waste, emissions, pollution — become climate neutral by 2050
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Source of image: http://www.energycrossroads.org/industrial-symbiosis-circular-economy
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Connection of geographically close units
to keep resources in the loop
as long as possible

Self-sustaining  economic  industrial
ecosystems for full-scale Industrial-
Urban Symbiosis and Circular
Economy, closing energy, resource
and data loops and bringing fogether
all relevant stakeholders, technologies,
infrasfructures, tools and insfruments
necessary  for  their  incubation,
implementation, evolution and
management.
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Process industry relies on many measures to reduce its ﬁ?l?:
| [

emissions and increase its circularity

A tapestry of innovations to achieve climate neutrality

ENSURING FULL CIRCULARITY &
| OVERHAULING THE USE OF WAETE
SO3

Energy & Resource efficiency 149

Current Circularity of materials 1410

co,
emission

Industrial-urban symbiosis 1A11

Circular regions 1412

INTEGRATING
RENEWABLE ENERGK

Carbon Capture and Storage
Energy integration IAl

Heat reuse 1A2

Electrification (add. effect from
decarbonizing elect.) 1A3

Decrease carbon intensity

REDUCE EMISSIONS H L] - . .
THROUGH CO/CO, A tapestry of innovations to achieve circularity
CAPTURE & USE  SO2

Electrically driven processes 1A4 €0, capture for utilization 186

H; integration 1AS : 100 %

CO; utilization in minerals 1A7
Energy & Resource efficiency 1A9 ecrease

€0, and CO utilization in

chemicals/polymers 1A8

1 1 1 -
@ NON TECHNOLOGICAL INNOVATIONS E
—J

ENERGY AND @

RESOURCE EFFICIENCY 143

Industrial-urban symbiosis

and circular regions

CIRCULARITY OF CARBON @

CO, capture for utilization 1A6 Fu"y
CO, utilization in minerals 147 circular
CO; and CO utilization in economy

chemicals/polymers 1A8
1 1 1 3
NON TECHNOLOGICAL INNOVATIONS =L



Resources
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Is decarbonization the right word?

= Circular/renewable carbon

from atmosphere, Renewable Carbon
biosphere, technosphere & ‘_
not from geosphere S — i)
» \
= Carbon from CO2 or : > "CARBON
recycling enters in the T o
classical chemistry. A— A 8§
Carbon from biomass has N———
Innovative potential to T Fog}?;/m
Increase performance! A i s ottt o R s

If we know that:
Waste Directive: separate collection of the organic fraction.

Recycling Directive: plastic packaging must contain 50% recycled materials in 2025 (55% in 2030)

Landfill directive: only 10% of MSW can go to landfills in 2035 12



Renewable carbon and renewable energy

"Energy
= Lower fossil
" ower carbon
" Fossil free ?

= \aterials
" Biomass

="CO2
"Recycling

Renewable
fo

Energy and Renewable Carbon
r a Sustainable Future

EIENE & <)
[ SOLAR il WIND Jll WATER| | Eﬂ [ RECYCLING ]
RENEWABLE
REg:gg@,LE Eg L— ChRaon, J
% ‘J
________ = ﬁF& A @ 2
INDUSTRY - HOME - MOBILITY RENEWRBI.ECARBDN BASED FUELS § CHEMICALS - PLASTICS - OTHER MATERIALS
Fossil Fuels Fossil Carbon

All figures available at www.bio-based.eu/graphics

@ ﬁ-lnsﬁtute.eu | 2019
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Power to hydrogen to X

BOX 3. FOWER TO HYDROGEN TO X

POWER TO X
) | ' I ' I ' |
DORECT LISE _ Hydrogen
z —Methane
H, ; -
&
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I fishing in the same electron pool
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We also need CO2, but different capture costs

CCS cost breakdown, €/ton - CO2

5-15 15-150

520

Capture Transport Storage  Total

NETL

150

100

50

CCS cost ranges by industry, €/ton - CO2

60-150

55-120 50-115

15-75

NG power Cement Iron & steel Ammonia Hydrogen

=== EUA 2030 forecast (€50/tC0O2) 16



Luckily more than 125 CCU projects ongoing in Europe

Collective intelligence: >125 CCU projects in Europe

b

‘ % SMO 5 | Project’s driver: CO, valorisation, EU policy framework and perspective

* approx. 50% high TRL

projects (from demo. to
commerc.)

* approx. 63% CO, to

chemicals and fuels
projects

* approx. 27% CO, Capture

projects

* approx. 10% CO, to

mineralization projects
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Refinery of the future

® Standard
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Global chemicals industry growth linked to global growth of ﬁ?l?:
| | [

need for materials

Global chemical industry projected to double by 2030

Rest of the world 1.0%

Rest of
. Eurppe
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Europe has a very high share in the Global Green Chemicals Market

From challenges to opportunities
Innovations in chemistry have a significant potential in advancing
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= North America Latn America = Western Euroge
Eastem And Central Europe 8 Africa and Middle East ® Asia Pacific

[

Global Green Chemicals Market by Region 2011-2020(GC3 2015)



E.g. Changing resources and feedstock in the German chemical industry (VCI 2019)

Which will be the feedstock mix? It’s a guess. /\?R=
| L

Rohstoffmix Pfad 1 Rohstoffmix 2050 in Pfad 2 Rohstoffmix 2050 in Pfad 3

0,6%

m Fossile Rohstoffe = Biomasse = Kunststoffabfalle = CO2

Fossil Biomass Waste CO2

Halpaap 21

Abbildung 33: Rohstoffmix in den Transformationspfaden als Prozent Kohlenstoff [48]



But we know the trends

Circular carbon state of the art

Renewable energy
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Circular carbon the coming years

Recycle carbon

Renewable energy

Transition to a circular
economy is transition to a
non-toxic economy

" Consumption

and stock
Circular processing,

collecting, sorting,
recycling w I

Safe & Sustainable by
design
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Circular carbon in 20 years

Renewable energy
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Circular carbon in more than 20 years

Renewable energy
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Conclusions NSrI=R=

- P4PLanet offers large opportunities to go for sustainable and circular
production in a competitive way

- For energy we will move away from fossil

- But some energy sources will still be based on fuels

- But we are all fishing in the same electrons pool

- We will not decarbonize our materials

- They will be based on biomass, waste and CO2

- There is a growing opportunity via the chemical industry (including refining and
pulp & paper) to make more sustainable materials

- Let us not loose energy on defining the winner. We will need them all.
Availability and costs will define where we need what

- P4Planet is a platform to manage this strateglcally and to create impact via
demoplants and FOAKs (marbles)
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NOrIR= Thank you '@

PROCESSES"-PLANET

Renewable Carbon Refinery
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Ludo.diels@vito.be

Contact Us: = | e

Vegetable Oils (HVO)
9 Rue Belliard 40 Bte 21B-1040 Brussels

a info@spire2030.eu

R  +32(0)243696 14

Source: nova-Institut GmbH, Petrochemicals Europe




