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A pathway for the evolution of Liqui



Who is

FuelsEurope represents 41 Member Companies = 100% of EU Refining
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PO | |Cy La N d SC * EU Emissions Reduction

(% GHG reduction vs. 1990)

1990 2010 2030 2050

* Multiple policy drivers Binding Target
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- Ambitious EU GHG reduction goals -20 y
= Ambition
- More immediate air quality concerns 40
- Industrial strategy for alternative technologies 0 & 60% reduction
in transport
_80 80-95%
“o }economy wide
100 ® J reduction by
) Zero GHG Emissions 2050
+ New Industry dynamics
BP Chevron Eni Equinor ExxonMobil Repsol Shell Total S.A.
- Increasing diversification Reduce direct operational emissions
Promote natural gas and LNG
- OEMS discredited o
ind
Biofuels
Geothermal
Hydropower

Power transmission/distribution
EV/battery/charging infrastructure

Carbon capture, utilization, and storage

[ Current development focus and/or stated part of current strategy
[ Existing area of r and/or di: asp ial i area

Source: IHS Markit ©2018 IHS Markit
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Need for Long 1

* National Energy and Climate
Plans to 2030

* EU Mid Century Strategy

* Expectation that energy
intensive industries transform
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Need to offer compelling vision of refining industry low carbon transition
Rally support from industrial sectors linked to ours to shape consistent proposition

Influence EU industrial & technology strategy, and enabling policy framework
Ensure technology neutral policies

EOODOE

Competing to Win, Together
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Source of Elec

* Thereis still a lot of coal in the EU power mix (791 TWh out of 3234 TWh total in 2015)
* Renewable electricity has so far mostly replaced gas, but trend appears to be changing
* EU mix 2015 carbon footprint ~ 347 g CO,/kWh — is roughly equivalent to about 50-60 g CO,/km for an average

* The actual source of incremental power should be considered as more EVs connect to the grid
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2.6.2 Gross Electricity Generation
BY FUEL - EU-28 — 1990-2015 (TWh)

EU Power Mix 2015
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Reproduced from: European Commission — DG
Energy, Statistical Pocketbook 2017
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Production of electric vehicles is typically more
energy-intensive than conventional vehicle
manufacture. It needs approximately 70 % more
primary energy to make BEVs than conventional
vehicles, mainly for the electric engine systems and
batteries. These higher energy requirements can lead
to higher emissions of GHGs and associated air
pollutants, depending on the source of energy used.

EEA, Electric vehicles in Europe, EEA Report No 20/2016
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Tailpipe vs Life

ton CO2

55
50
45
40
35
30
25
20
15
10

CO, emissions over vehicle life

—eo—Tesla Model S tailpipe

—e—Audi A7

—o—Tesla Model S Sweden mix
Tesla Model S EU mix

—e—Tesla Model S Poland mix

—e—Audi A7

—e—Tesla Model S EU Mix

—e—Tesla Model S Poland mix

o
0 50000 100000 150000
km driven
Audi A7 3.0 TDI

1800 kg
4.71/100 km (NEDC)

Source: Concawe Review, July 2018, based on data from Tesla and
Audi brochures and NTNU data

200000

Tesla Model S
2100 kg

100 kWh battery
181 Wh/km
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e Despite slow improvements, air pollution continues to exceed limits and guidelines

Map 3.3

Concentrations of

uree:  EEA 2018a.

Air pollution is an invisible killer and we need to
step up our efforts to address the causes. In
terms of air pollution, road transport emissions
are often more harmful than those from other
sources, as these happen at ground level and
tend to occur in cities, close to people. That is
why it is so important that Europe redoubles its
efforts to reduce emissions caused by transport,
energy and agriculture and invest in making
them cleaner and more sustainable,

”

Hans Bruyninckx, EEA Executive Director

Source: EEA, Air quality in Europe — 2018 report,
October 2018

0 km

alues above the EU annual limitvalue and
rench overseas territories’
naps/dashboards/air-quality-statistics
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Traffic Access Regulations In Europe

* Many cities struggling to achieve air quality standards

* Diesel cars seen as major contributor, exacerbated by VW
issue

* Authorities being challenged in court and forced to
accelerate air quality improvement plans

* City LEZs proliferating

* Intentions for outright bans in some cities

- Paris intends to ban diesel cars from the center as of 2024 (and
gasoline cars as of 2030)

- Rome planning to ban diesel cars from the center as of 2024
- German court decision allowing cities to establish diesel bans

- Brussels plans to ban diesels as of 2030

# Lowemissionzones (LEZ)

&% Diesel restriction

Low emission zones (LEZ) for cars in the European Union.
lllustration: T&E

Competing to Win, Together
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Electric vs Convel

* Total Tank-to-Wheels PM emissions from EVs are equivalent to those of modern conventional vehicles
- EVs have higher non-exhaust emissions than conventional ICEVs, which offsets the lack of exhaust PM

- Driven by the higher mass of EVs, primarily due to the battery pack
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PM,, PM, s
80 70
70 m Resuspension 60
of road dust
60 50
50 M Road wear
£ £ 40
£ 30 ™ Brake wear £ 30
20
20 M Tyre wear
10 10
0 W Exhaust 0
EV Gasolme Diesel Gasollne Diesel
ICEV ICEV ICEV ICEV

Comparison: Ford Focus, Honda Fit, Fiat 500, Kia Soul, VW Golf, Renault fluence

Avg. Mass of ICEV (kg) Avg. Mass of EV (kg) Difference for EV (%)

1310 1591 +21.5%

Source: EM, based on Timmers Competlng to Win, Together



Diesel NOx under real world test conditions (From Concawe Project completed by Ricardo) ‘-:"
)
N O X L i 1600 — (%]
= =NOx Limit E-l
1400 =
------ NOx Limit CF 2.1 (o)
1200 == Measured Min 8
g 1000 mm  Measured Max <
2 mmm Measured Mean )
= 800 ’ o
. . . 6 ® Measured Median S
* Newest diesel vehicles achieve NOx 2 6w oo oo
- _ pinion 8
emissions standards under real 400 @
driving Conditions 200 [ I T PO,
; el el TT---
Euro 6b Euro 6b - Euro 6¢ Euro 6d Euro 6d
post 2015 temp
Type Approval September 2014 — August 2017 April 2016 — September 2017 - January 2020 -
Dates August 2017 December 2018
Post 2015 vehicles which meet Parity between
Euro 6 NOx levels under at WLTC and RDE
|east one real driving test cycle expected
——Ricardo Median ——ZEV Scenario ----AQLV
H H Munich - Highest AQ Station Paris - Highest AQ Station
* EVs achieve very little .
additional air quality = -
. 70
|mprovement over o T e
: '
and above fully 5" o
. £ £
compliant ICEVs | P
2 To address remaining exceedances,
20 we need to understand the source
1 attribution at each location.
OZU]U 2015 2020 2025 2030 01'310 2015 2020 2025 2030

ENEON( =)

Coti tin,Teter

*Concawe Project completed by Aeris Europe




Key Messc

 The overall GHG impact is very dependent on the GHG intensity of the energy used in
manufacture, use, and recycling — for ALL vehicles

* Electric Vehicles can be low GHG, but so can advanced hybrid ICE vehicles
e City air quality problems have multiple causes. Must focus on all sources
* The latest “Euro 6d” emission class Gasoline and Diesel cars are extremely clean

* The choice of new cars makes almost no difference to future air quality in cities
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Future Role




HEAT

RENEWABLE
HYDROCARBONS:
TECHNOLOGY- OPTION IN
COMPETITION WITH OTHER
OPTIONS

LIGHT DUTY
VEHICLES
HEAVY ROAD

NON-ENERGY TRANSPORT

RENEWABLE JSEIET
HYDROCARBONS o, FEEDSTOCK)

PLANE/
MARINE

NECESSARY IN THE &3
LONG-TERM

USE OF OIL PRODUCTS/HYDROCARBONS IN GERMANY 2016

Competing to Win, Together



Aviation and En

Boeing 787

230 tons

at take-off

Jet fuel Electric battery

JET
FUEL 100 tons!

2000 tons!?

(1) http://www.latimes.com/business/la-fi-electric-aircraft-20160830-snap-story.html
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Low Carbon Liquid Fuels: Fuels Europe Vision

Multiple technologies can be
deployed together to give
significant reduction in carbon
intensity of liquid fuels

New proposed
strategy

Combined Carbon Intensity Reduction

8

80

60

40

20

WTWeq fuels CO2 intensity
gcoz eq/Ml

Refinery
Efficiency
CCUsS
Technology

CO, emissions from production
and use of fuels

Crude oil oil
production transport

Refining Transpo ombustion \ Total
of fuel of fuel

l

Fuel \
Quality

Green
Hydrogen

Sustainable
Biofuels

Advanced
Biofuels

Power-to-
Liquids

Reduced carbon footprint of

Petroleum refining

Increasing substitution of Petroleum
with new feedstocks and components
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The technologies are being developed....

Algae, a biofuel for tomorrow
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carbon

SUrligis dioxide

water + photosynthesis
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The technologies are being developed....

REFHYNE Project, 10 MW PEM Electrolyser
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10 MW electrolyser

1) REFHYNE
CLEAN REFINERY HYDROGEN FOR EUROPE

BAE)

OO0 OE6
to Win, Together
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The technologies are being de

BioTfuel, producing biofuels via thermochemical conversion
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™ PRETREATMENT
‘ ‘ ’ R E F H I N E o Lignocellulosic feedstock
CLEAN REFINERY HYDROGEN FOR EUROPE

° Initial grinding and drying

o Torrefaction

° Hydrocarbon feedstock [if coprocessed]

GASIFICATION
Air separator
Input, gasifier

Quench chamber

SYNGAS CONDITIONING
H,/CO Ratio adjustment

Final purification

FISHER-TROPSCH PROCESS AND UPGRADING
Fisher-Tropsch plant
Hydrotreating/hydrocracking

0
o
o
o
° Cleaning with physical or chemical solvents
o
o
2]
®

Biodiesel/Biojet fuel

N i )
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The technologies are being developed....

Waste-to-Fuel
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B10 WASTE-TO-FUEL

Pyrolisis and bio-oil
® REFHYNE Farm manure Industrial food waste upgrading TRL 5

CLEAN REFINERY HYDROGEN FOR EUROPE | N on—wood biomass

Used cooking oils Wood biomass

CRUDE-TO-FUEL Dﬂ_l — % q Low-carbon fuels

Refining and coprocessing

EOL plastics Used tyres 1
| Municipal solid waste ‘

Waste lubricants Solid recoverd fuels Pyrolisis TRL 7

MINERAL WASTE-TO-FUEL

é )
Competing to Win, Together




The technologies

Fulcrum BioEnergy, Municipal Waste-to-Fuel

=
c
(@
(%]
m
c
-
o

S
)
=
2,
o
=]
N}
o
o
o

Q

L\L\Y |

4
WASTE MATERIALS ARE WASTE IS CONYERTED SYNTHETIC JET FUEL IS FUEL IS DELIVERED
IS COLLECTED. RECYCLED. SUITABLE TO SYNTHETIC JET BLENDED TO MAKEIT TO AIRPORT AND INTO
WASTE FOR JET FUEL FUEL. SUITABLE FOR USE ON WIN.
IS COLLATED. AIRCRAFT.
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The technologies are

ReOil, Plastics-to-Fuels & Feedstocks
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FIGURE 14: SIMFLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS .
Intermediates

—
Plastics |  Melting
i [
Solvent | —— Dissolving ——— Cracking ——— Separation —*m

—>| Refinery

(e i O
Competing to Win, Together




The technologies are being developed....

Methanol Economy

CO, concentration in wet flue gases
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Approx. 11% vol.
Approx. 8-8.5% vol.
Approx. 20% vol.

co, T0

Waste or Renewable COMMODITIES

® R E F HYNE Energy/Renewable H,

CLEAN REFINERY HYDROGEN FOR EUROPE APPI'OK. 4% vol.
. ¥ . Carbon
\ out
Carbon CUz e T T —
in CAPTURE e | D —
o | i e O |

€O, FROM
INDUSTRIAL OR

= [Ha
POWER PLANTS PHERIC CO, °" O— e - °“

( 0

O
ther
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The technologies ¢

Sunfire, Power-to Liquid
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WATER ELECTROLYSIS

o, i {GREEN] H,

E.G.ROUTE

METHANCL FISCHER-TROPSCH

LIQUID FUELS
[E-FUELS)

OO0
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The technologies

On-board Carbon, Capture & Storage
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CO, Capture technologies

Pre- Post- Oxy-
combustion Combustion combustion

00 ©00 ©00 o000

Absorbent Adsorbent I Membranes

CO, Separation technologies

OO0
Competing to Win, Together



The technologies are b

PG ovide

= weter =+ photowmthess =

-

Bio-refinery

ydrog »
Renewable feeds: Light fuels
= Vegetal oils Green LPG,
* Tallow Samd Deoxygenation Isomerization Separation n Naphthal
= Used cooking ols
from algae waste GreenJet

1=reaction stage 2 reaction stage Products Green Diesel

“ separation
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€O, Capture technologies
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€0, Separation technologies
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The technologies are b

Carbon Capture & Storage value chain project
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CO, Capture Transport Permanently stored
%l ) = 3
o L HA s
: —.___Lco__/ '
; ; Lounnets
: : e ruzat
- Captured from g -» Compressed CO, £ - CO, received and et e e ety e e
industrial plant H transparted by ship tempararily stored s
i i n .
— Compressed and : : — Exportvia pipeline offshore — [ |
temporarily stored H . SEA o e m s - [EEEE
- Parmanently stored in reservoir =n

11,000 - 2,000 meters below sea bed)

€O, Capture technologies
Post- Oxy-
Combustior combustion

Absorbent Adsorbent Membranes

€0, Separation technologies

eco00000
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The technologies are be

....... and this is just a sample of
all the R&D and Innovation
projects currently underway
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€O, Capture technologies
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The Refinery as an Enel

® Standard

@® Current first examples

(\ RENEWABLE @ New proposed strategy
;) ELECTRICITY CCS/cCu

Low GHG
: Low GHG
«GREEN» AND Sustainable cernernnnnp POO- =y
«BLUE» HYDROGEN biofuel " chemicals e
| " feedstock chemicals
CRUDE 0OIL — Low GHG e e Low GHG
products products

BIO-FEEDSTOCK )

Low GHG '====)p 1wnnn ) | ow GHG 4
fuels fuels
|— Residual heat ———p m

Competlng to Wm Together
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Public
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Vision 2050 https://www.concawe.eu/publications/

@ncawe (a:mcawe
Report

EVOLUTION OF TH

INDUSTRY AND LIQUID FUELS |

Working Plan

Low Carbon Pathways
CO; efficiency in the EU Refining

System. 2030/ 2050

The Low Carbon
Pathways Project.

Executive Summary

SR Interi )
A holistic framework to explore (TRGOIIEEOL)

the role of liquid fuels in future
EU low-emission mobility (2050).
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Policy Asl

Want refinery and fuels low-carbon transition included in EU industrial and technology strategies

=
c
o
(%]
i
c
-
o
S
)
=
2,
o
=]
N}
o
o
o

Want policy framework for long-term investor confidence

Retain refineries’ economic viability despite aggressive international competition

While strengthening our reputation / retaining seat at table

— Stronger communication of work on climate solutions

o000
Competing to Win, Together



Summe

e Our industry and products will need to change to meet changing EU societal needs and
expectations

e Our industry has an exciting innovation agenda, with many promising technologies

* We will need liquid fuels, and the industry to provide them for the long term

e Our industry can and should be part of the long term future, helping to meet energy, climate and
air quality goals

* We have a lot to share with our customers and policy makers, and we must tell a compelling story

=
c
o
(%]
m
c
-
o
©
®
<
o8
o
S
N
o
Q
o







Electrification Cl

e Want transformation to
zero emission vehicles

* Directives/Regulations
incentivize electrification

Countries

* Big subsidies/incentives for
EVs

¢ |Intentions to ban internal
combustion engine

Other

* OEMs shifting emphasis
from ICE to EV

* Biofuels considered a
partial/interim solution for
LDV, and somewhat
discredited

100

90

80

70

60

50

2000

EU LDV Efficiency Performance / Targets
gCO,/km (NEDC)

200
Actual Targets Ambition
- > B o e >
e
0.....
150
..
%
®0ge0llss
100 1 a8
EU LDV Efficiency 80.8
Standard introduced
59.4
50 S~
= -~
-~
N
-~
-~ -~
-~
-
0 ~e
2000 2005 2010 2015 2020 2025 2030 2050
EU HDV gCO,/t.km Proposed Targets EU HD Energy Demand by Application

(2019 baseline = 100)

No certified historical data
available. Unofficial data
suggests limited
improvements in the past

Constructio

n, 12.5%

2005 2010 2015 2020 2025 2030
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Fuels Europe Vision 2050
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Policy Framework: A Proj

Throughout the transition = Protection of the international competitiveness of the industry

POST 2030 LONGER TERM
“BREAK THE SILOS”: A COMMON

A COMMON CARBON PRICE
CARBON PRICE FOR ACROSS THE
VEHICLES & FUELS ECONOMY

UNTIL 2030
ALIGN CURRENT
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VEHICLES AND
FUELS REGULATIONS

TTW correction for
— RED — based on
market average

CO2 credit system
—  for new fuel
technologies

Vehicle standard
becomes sole CO2
regulation in transport
(no RED,...)

CO2 credit system
for CCS

CO2 credits
generated from all
WTW (or LCA) steps
count for vehicle
standards

One carbon price —
based on LCA — for
all sectors

Effective carbon
leakage protection for
EU industry and

economy

peting to Win, Togethr
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