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Concawe - Climate, Environment & Health Science for EU Fuels Manufacturers

38 Member Companies = 95% of EU Refining.

The European Fuel Manufacturers Association represents companies producing and distributing liquid fuels and
products for mobility, energy & feedstocks for industrial value chains.
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Mission

Concawe' s mission is to develop Scientific Research about industry’s products and
operations together with research institutes, in order to:

O Increase advanced scientific understanding
d Promote Technology neutrality to achieve EU’s environmental & Climate goals
O Contribute to an informed legislative decision

O Evaluate, for future scenarios, the potential role and contribution of our industry
and its evolution.
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A needed transition towards EU Climate ambition

However, Energy Intensive Industry, current perception
o Goal driven (net zero 2050)
o Evolving intermediate targets
o Unprecedent speed (EU objectives for 2030)_“it for 55", “RePower EU”
o Technological choices ahead of time
o Uncertainty on resources availability

o (Some) Technologies not proven at industrial scale

© Concawe 6 @ncawe



A new energy economy is emerging - but yet

much too slowly to reach net zero emissions by 2050

World Energy Outlook 2021

Global CO, emissions by scenarios, 2000-2050
World Energy Outlook 2021
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Key clean technologies expected to ramp up already by 2030 in the net

Zzero pathway
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Global energy security indicators

Critical minerals demand
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Oil supply
(mb/d)

100 Ll Ll o 50 LILIET R IT I IR ILIRTI R LTI T II IR IRy ]
80 e S | ) DT
52%
OPEC share
60 e emrsinisnane 3] sessssesssnieii
40 e 10 DTS
20 e 10 ceremsmesesransissiansnns

2050 ’ 2020 2050

-y -y

)

100%

Net Zero
by 2050

A Roadmap for the
Global Energy Sector

Share of solar PV and wind
in electricity generation

ED% FETTT R PRI YTY

1050

2020 i 2050 ,

-

Note: mb/d = million barrels per day; Mt = million tonnes.
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Strategic topics addressing Climate, Environmental &

Health impact of Refining Industry

Mobilising research
and fostering innovation

| Transforming the

Increasing the EU’s Climate EU's .il:onnmy fora A zero pollution ambition
ambition for 2030 and 2050 sustainable future for a toxic-free environment

Supplying clean, affordable Preserving and restoring
and secure energy ecosystems and biodiversity

From ‘Farm to Fork’: a fair,
healthy and environmentally
friendly food system

Mobilising industry
for a clean and circular economy

\

Building and renovatingin an Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

Leave no one behind
(Just Transition)

Financing the transition

TheEUasa A European
global leader Climate Pact
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Strategic topics addressing Climate, Environmental & Health impact

of Refining Industry

Refineries
Electrification & Green Power Requirement
Conventional Refining syst. Adaptation
Low Carbon Feedstocks, Fuels & Technologies

Life Cycle Analysis of current and future fuels

NN NN

Refining & Transport

v' ETS & CBAM, Evolution & implications

v" Energy supply 1)/ Security
(1) Including renewable electricity for e-fuels

Air Quality
v" Industrial Emissions Directive (IED) and EPRTR
v REF BREF
v Ambient Air Quality Directive (AAQD)
v' Compliance at Refinery Sites
O Low Carbon Energy Transition

o AQ and Climate Links

O Natural events and biogenic emissions

© Concawe

Fuels

v' Euro 7/VIl evaluation

v’ Constrained environment: Systemic evaluations of
transport solutions

O Light-duty (incl. Fuel specs and renewable fuels)
O Heavy duty (incl. Fuel specs)
O Maritime and aviation

O Gaseous fuels (L/C-NG, H2, NH3)
Road fuel surveys

Toxicity
Chemical Strategy for sustainability
Revision of REACH

New endpoints : terrestrial toxicity, endocrine disruptor
(ED), neurotoxicant, immunotoxicant, Persistant,
Bioaccumulative/Mobile and Toxic (PBT/vPvB/PMT/
vPVM)

v Animal Testing program for Health and Environment

O Development of New and Alternative methods
(NAM)
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Concawe Alternative 1,5°C Scenario - Refining contribution to EU
Climate Ambition

“BASELINE “scenario (“A clean Planet for All”, EU Commission, 2018), but covered by Low Carbon Liquid fuels

Concawe 'Alternative 1.5 °C' scenario (Road) A Clean Fuels for All
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https://www.concawe.eu/wp-content/uploads/Rpt_21-7.pdf

What are Low-Carbon Liquid Fuels?

* Sustainable liquid fuels from non-petroleum origin, produced from new feedstock such as
biomass, renewables, waste and captured CO2.

» With no or very limited net CO2 emissions during their production and use compared to fossil-
based fuels.

» These feedstock’s comply with the existing EU sustainability standards.

» Low-Carbon Liquid Fuels are complementary to electrification and hydrogen. We will need all
technologies to deliver climate neutrality.

© Concawe 15 @ncawe



The Refining industry contribution

WHAT?

HOW MUCH?

Bio
(1G)

2030

No additional plants

16 Mtoe

HVO
(VegOil
+Residue)

Lignocel.
residues
+ Waste

efuels

Refining p——
2. CCS
+ Clean H,

1st-of-a-kind
(BTL)

- *
1st-of-a-kind
-0 .

(0.2 Mtoe/y)
1st-of-a-kind

- 0.15 Mtbe/y per unit
- Avg. -5 plants per year (2026-2030)

0.2 Mtoe/y/unit

i

CCS: 1 Mt CO, captured/y/plant
Clean H,: 0.3 Mt CO, captured/y/plant

16

Avg. -2 plants/year

0 M€ Utilization ratio maximized

(7% cap 1G)

Total: ~ 13 Mtoe
Total: 16 New plants
Total: ~4.4 BE

Total: ~ 4 Mtoe
Total: 27 New plants
Total: ~25 B€

Total: ~ 1.5 Mtoe

v

Total: 7 New plants

>l Total: -4.5B€

Total: 13 New plants
CCS Total: ~6.5 BE

Total: 13 Mt CO,/y storage capacity

Total: 6 new plants (0.9 B€)
(4 Mt CO,/y reduced (EU level)

Clean H,

Accelerating:
- 1st-of-a-kind
- Supply chain

+ market creation!
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The future refinery: ENERGY HUB... within an INDUSTRIAL CLUSTER
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https://www.fuelseurope.eu/clean-fuels-for-all/

Refiners as long-term fuel suppliers

* Refineries contributing to the Europe’s objective of (net) climate neutrality
in 2050 by delivering low-carbon fuels.

* The scenario explored by Concawe (Refining contribution to EU2050
Climate Ambition) shows feasibility to reach climate neutrality in transport
by 2050 with low carbon liquid fuels.

*  High investment with R&D efforts on technology scale up and rapid deployment,
mobilization of resources across the whole value chain and high
engineering/construction resources.

21




For details, see our public Reports

(&mcawe

] Report
Downloads from our web site,

Transition towards Low

*  Report 7/21 on “Transition towards Low Carbon Corvonost B
Fuels by 2050” European refining sector

Imperial College

https://www.concawe.eu/wp-content/uploads/Rpt 21-7.pdf knpe
ondon

* Report on “Sustainable Biomass availability”
https://www.concawe.eu/publications/joint-publications/

L
7 Sustainable biomass
' availability in the EU, to 2050

(4 Ref: RED Il A IXAB

© Concawe 22
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Back up’s
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Disclaimer

Any statement, opinion, prediction, comment, or observation made in this presentation/publication are
those of the presenter/author only and in no condition should be construed necessarily representing the
policy and intent of Concawe or Member Companies of the Association.

The information presented here in are of the presenter/author’'s own and in no way Concawe attracts
any liability for any inconsistency or irregularity in terms of the accuracy completeness, veracity, or truth
of the content of the presentation/publication. In addition, Concawe shall not be liable for any copyright
infringement and misrepresentation for the presented content as the content is presumed in good faith to
be a creation of presenter’s/author’'s own mind.

The scope of this presentation/publication is strictly for knowledge sharing purposes and not necessarily
to provide any advice or recommendation to the audience/readers. Any endorsement, recommendation,
suggestion, or advice made by the presenter/author shall be in his personal capacity and not in
professional capacity as an employee of Concawe. Any person acting on such endorsement,
recommendation, suggestion, or advice will himself / herself be responsible for any injury/damage.

24
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A new energy economy is emerging - but

much too slowly to reach net zero emissions by 2050

b.mdﬂmhw World En ergy Outlook 2021

Stated Policies Scenario

[s]

w

Announced Pledges Scenario

Sustainable Development Scenario
Net Zero Scenario
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® Stated Policies Scenario Announced Pledges Scenario NetZero Scenario @ Sustainable Development Scenario

https://www.iea.org/reports/world-energy-outlook-2021/scenario-trajectories-and-temperature-outcomes
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https://www.iea.org/reports/world-energy-outlook-2021/scenario-trajectories-and-temperature-outcomes

Countries responsible for 60% of global CO2 emissions have set a net zero

target

While more countries are likely to confirm net zero emissions in the run-up to COP26, no
major economy is on track to meet the near-term target for 2030

Country/ Target for Achieved Net zero

H . . 2030 vs by 2020 vs emissions
Status of net zero emissions targets by country region | coline*  baseline* target date
UK 68% A7% 2050
reduction
EU-27
55% . -35% 2050
reduction
’ us 50-52’1\’6 2050
reduction
' Japan 46% 2050
reduction
South 40%
Korea reduction 2050
Canada A0-45%
reduction 2050
. Achieved
Leqislated Australia 26-28% . Under
. 9 reduction discussion
. Proposed legislation China Paak
P di licy d t emissions +79% 2060
. roposed in policy documen lr by 2030
Under discussion :
. India Mo peak +69% Not yet
Mo target before 2030 announced

*Targets are set against a range of base years so are
Source: Wood Mackenzie challenging to compare on a like-for-like basis 5



Legislative framework

* Analysis of implications of “FitFor55” package for 2030 refining industry:

Acceleration of electrification in passenger cars
I— Demand
Penetration of Low-carbon fuels in aviation/maritime

Boost green H2 and low carbon energy use in industry

Regulations (ETS, RED lI(l), REfuelEU, CO2 standards in light/heavy duty, ICAO & IMQ'’s targets, etc).

¢ Business evolution: Contribution to EU Green Deal

© Concawe

Carbon Intensity (Cl)

Refineries transition (towards 2050)

Life-Cycle Assessments (LCA) for actual and future liquid fuels

Satisfy energy needs for transport

CAPEX, OPEX, production and CO, abatement cost (alternative feedstock & technologies)

Sustainability & biodiversity implication ...

27

@ncawe



Fit for 55 package
(14 July 2021)

Climate
Social
Fund

Carbon
Border
Adjustment
Mechanism

Emissions trading
for road transport
and buildings

* Implementation of
European Green
Deal

EU Emissions
Trading System -
for power,
industry, maritime

Land Use,
Land Use

Change. Tavaon _ _
Forestry Dilzaiue ° B I‘I n g E U pO I | Cy

Uroes ), T Fit for Ll framework in line
rategy Directive

with climate
objective of -55%
emissions by 2030.

3

Alternative
Fuels
Infrastructur
e

Renewable
Energy
Directive

Effort
Sharing
Regulation

COo2

«:ginsds;?g: Reguaton hﬁ:ﬁiﬁ)e 13 |n|t|at|VeS, Of
for cars and Initiative which 11 with direct

vans

ReFuelEU
Aviation
Initiative

effects on transport

“ European |
Commission

Source : presentation Dr. A. Volkery, Deputy-Head of Unit, DG Mobility and Transport, European Commission



Overview: the Communication* (political) objectives

. Reduce dependence on Russian fossil fuels by:
1. Increasing the penetration of renewables - increase RED target \
2. Reduce energy consumption (especially gas) - Energy Efficiency Peculiarity

The European Commission

o H published a COMM on

REPowerEU' fm goals to aCtlonS legislations that are in the

negotiation phase (notably

RED and EED), leading to:

1. Lead to Amendments

to the existin

legislation
2. Make suggestions on

\ how MSs could be

Independence from Russian fossil fuels by2030

Increase imports of liquefied natural gas (LNG) by 50 bam
Increase pipeline gas imports by 10 bam

Increase biomethane production by 3.5 bem ’
EU-wide energy saving to cut gas demand by 14 bcm

Rooftop solar to reduce gas demand by 2.5 bem

Heat pumps to reduce gas demand by 1.5 bem
Reduce gas demand in the power sector by 20 bamby
deployment of wind and solar

more ambitious

VYVVYVYVYY

*https://ec.europa.eu/commission/presscorner/detail/en/IP_22 3131
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Gross inland consumption by fuel in 2019 and in 2030 in the Fit-for-55

and REPowerEU scenarios
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2019 2030 - Fit-for-55 2030 - REPowertU

B Renewables
® Nuclear

m Natural gas
m Oil

H Solid fuels

Keep more nuclear
reactors active

Decrease nat. Gas
+/- same oil

Keep more solid fuels
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Renewables in RePowerEU scenario

Renewables penetration targets

RePowerEU FF55 Changes
Overall RES target 45% 40% +12.5%
Heating & Cooling 2.3% 1.5% +53,3%
o ) ) . RFNBOs penetration in transport & industry
District Hegtmg&Coolmg 2’30% 2'10% +9'5°/;’ (almost eradication of natural gas and 4x
Butleliiis el o +22,4% higher target - 2,273kt for hydrogen use

! [ |
RES-T share in 2030/GHG compared to FF55 target]
intensity reduction in

transport 32%/16% 28%/13% +14,3%/23,1%
Share of advanced biofuels in
2030 2.2% 2.2% 0%
New energy efficiency targets are distributed
Share of RFNBOs in 2030 5.7% 2.6% +119,2% equally to all sectors of economy.
Biomethane production
beyond transport sector 35bcm 18bcm +95% Energy Efficiency (Mtoe)
Industry
RES share in industry - Average RePowerEU FF55
yearly increase for 2020-2030 Industry 196 203
at EU level 1.9% 1.1% +72,7% . c
78% of hydrogen 50% of hydrogen $es1fient1al 1;‘ 1?8
i i ra
RFENBOs in industry cpnsumed.m cpnsumed.m +56% Sty
industry is industry is - Transport 221 229

renewable renewable



Hydrogen use by sector in 2030

» According to the EC modelling, uptake of higher volumes
of renewable H2 targets will result in higher shares of
renewable H2 and RFNBOs in the industry sector,
increasing from 50 to above 75%.

H2 use by sector in 2030 (Mt H2)
20.0

:* Ammonia/derivatives imports
16.0

u Blending » H2 production based on natural gas should be replaced in
W Power generation ammonia production and in hydrogen use by refineries by

12.0 W Synthetic fuels 2030 and the steel industry should see the start of the shift
® Blast furnaces from the use of coking coal to hydrogen

B Petrochemicals (Ammonia)

8.0 » The share of hydrogen and derived fuels (renewable fuels

of non-biological origin) in the transport sector would also
increase to above 5%.

* Higher H2 consumption in hard-to-abate transport
sectors, especially in heavy duty trucks and through
the production of sustainable fuels for aviation and
waterborne

B Transport
M Industrial Heat
4.0 M Refineries

M Bunker fuels

0.0

REPowerEU Fit for 55

Refineries should replace natural gas-based hydrogen with renewable hydrogen by 2030 (modelling
shows decrease from 7.4 bcm to 1.2 bem, increase of renewable hydrogen from 613kt to 2273kt)



Road Transport: Passenger Car Fleet Mix =

100% 0% T T
0 8% 19% \2% 11% 30% I I I i l I W FCEV
90% P— I I | l BEV
) lg:’ : I I B PHEV-gasoline
80% 40% z eo% I I PHEV-diesel
70% 33% £ 50% I I I W HEV-gasoline
; 40% I HEV-diesel
60% W FCEV 2 o ICE-CNG
M ICE-LPG
50% BEV 20:}/0 W ICE-gasoline
40% B PHEV 0% M ICE-diesel
17% B NG/LPG o
30% 56% : o Dicsel R I I G L
20% W Gasoline Passenger Cars: Powertrains types in fleet stock
10% 20 00% B eme === EREREERNNNE
90%
0% i m Wy
80% I aev
2019 2030 2019 2030
a 0% | PHEV-gasoline
Sale Stock é 60% PHEV-diesel
:‘O: 50% M HEV-gasoline
EV Sales in 2030 (EU27): EV StOCk in 2030 (EU27)- 5;’ 40% M HEV-diesel
° 7]
- BEV: 52M - BEV: 29 M o Wicecns
20% ICE-LPG
- PHEV: 20M - PHEV:12.5M i gesone
- TOta| Sa|eS: ~13 M - Total Stock: ~272 M 0% M (CE-diesel
@, @5’ ‘19-» ,"@, 51? m@' 1(;\‘." &
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New model / Update. Calibrated to EU-27 (2020). NEDC to Real World factors per powertrain (~30-35%)



