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Aviation and energy storage

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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FuelsEurope represents 41 Member Companies = 100% of EU Refining
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A vision ? What for ...........

Contributing to delivering the Paris Agr&&menitmate objectives

Reducing transport GHG emissions Air Quality
Describing how the refining industry can contribute to the

transition to a low carbon economy

An industrial opportunity for the EU
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EU average refining production

Sources: EUROSTAT, EUROSTAT, http://ec.europa.eu/eurostat/statistics-
explained/index.php/File:Consumption of oil EU-28, 2015, percentage.png and
Wood Mackenzie product markets long-term outlook H2 2017 Demand in EU 28, NOR,
CH, ISL for 2015
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http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Consumption_of_oil_EU-28,_2015,_percentage.png

Low-carbon liquid fuels and products

HEAT

RENEWABLE
HYDROCARBONS:
TECHNOLOGY- OPTION IN
COMPETITION WITH OTHER
OPTIONS

LIGHT DUTY
VEHICLES

RENEWABLE M st tEAtLeae
HYDROCARBONS  comm FEES TN
NECESSARY IN THE Qi3 puNE/

LONG-TERM

Source: Prognos AG, Berlin



GHG emissions and Climate Change

* FuelsEurope recognises that climate change is real and warrants action.

 Answering the demand for energy while limiting the GHG emissions is a critical
challenge.

 What are the options for example for Light Duty Vehicles (LDV)?

* Mass Electrification scenario or Low-Carbon Liquid Fuels scenario
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Mass Electrification vs Low-Carbon Liquid fuels

100%

® EV 89.3% 100%
Gasoline 3.4%

. @ HEV Gasoline 2.5%
80% 80%
oo 60%
. PASSENGER
0% 40%

CARS
20% 20%
0% 0%

2015 2020 2025 2030 2035 2040 2045 2050

2015

2020

PASSENGER
CARS

2025 2030 2035 2040 2045 2050

Source: Ricardo, Impact Analysis of Mass EV Adoption and Low Carbon Intensity Fuels Scenarios, August 2018

. The Mass electrification scenario shows 90%
electrification of passenger cars and light duty
vehicles in 2050

. It assumes that, as of 2040, 100% registrations are
battery electric vehicles.

The Low Carbon Liquid Fuel scenario show that the
share of liquids will reach 68%. It will be
complemented by 23% of electricity

PIV* Total : 46.5%

BEV 26%
PHEV Gasoline7.1%
PHEV Diesel 13.4%

CNG 0.8%

LPG 0.2%

FCEV 0%

HEV Diesel 18.4%
HEV Gasoline 21%
Diesel 4.9%
Gasoline 8.2%
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Mass Electrification vs Low-Carbon Liquid fuels

Tank-to-Wheel Tank-to-Wheel
GHG Emission [MtCO,e] @ Well-to-Tank GHG Emission [MtCO,el @  Well-to-Tank
@ [(Annual) Vehicle Disposal ® [(Annual) Vehicle Disposal
(Annual) Vehicle Production (Annual) Vehicle Production
200 900
800 800
700 BAU Total 700 BAU Total
62}.’. 624
4600 600 1
500 500
HIGH EV e LOW-CARBON FUEL
ective carbon facti
400 abatement level 80 % 400 abateEri:r?ttll\éevg?gB%z
300 300
A\
won 135 200 [
124
100 100
0
0
2015 2020 2025 2030 2035 2040 2045 2050 2015 2020 2025 2030 2035 2040 2045 2050
. . . Source: Ricardo Energy & Environment . . .
* Itis expected to achieve 87% reduction of SULTAN modeling and analysis e ltis also expected to achieve 87% reduction of

GHG emissions in 2050 vs 2015. GHG emissions in 2050 vs 2015.
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Cost comparison between the Mass EV and the Low-Carbon Liquid Fuel scenarios

Annual Cost (Billion €) 2 280 Annual Cost (Billion €)
2,500 2 280 ’ 2,500
Total BAU
=<
2,000 2,000
1,500 o Infrastructures 1,500
o 0&M
Fuel
1,000 HIGH EV Capital LOW CARBON FUEL 1,000
® Net Fiscal Revenue
Loss vs BAU
500 500
0 0
ms 04 2025 030 0% 040 045 2050 2005 20200 2025 2030 2035 2040 2045 2050

Source: Ricardo Energy & Environment SULTAN modeling and analysis
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Mass EV scenario — What about raw materials and import dependency ?

Comparing costs and import dependency
Costs of fuel and batteries over a vehicle lifetime — Base Scenario

Mini Small Family Executive
(VW Polo, Nissan Leaf*) (VW Golf, BNV i3) (BMW 5, Tesla S)

* Nissan Leaf 2016 on sale in 2017 had a
battery size of around 25kWh, newer
models available in 2018 have a larger

BEV Battery size 25 k\Wh 35 k'Wh 75 kWh battery size more comparable to small
family car
Cost of battery 2017 $180-270/kWh ** Includes Real Driving Effects

*** Base Scenario treats Norway

Cost of battery 2027 $75-115/kWh as outside EU, for consistency

with Eurostat statistics on import
dependence. We also show a

ICE Fuel Efficiency™ 0.050 likm 0.060 Ifkm 0.075 likm sensitivity case where Norwegian

production is treated as within
A . . . Europe for the purpose of
Oil prices IEA WEO 2016 oil prices calculating import shares.

*¥*** pV calculated using
discount rates of 10%

_v__ Source: NERA Economic Consulting

ICE Fuel Cost
PV €) == 2,100 — 2,600 2,500 — 3,100 3,100-3,900

Imports™ Qilfor ICE: 89%, Batteries for BEY: 91%
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We have the technologies...

Combined Carbon Intensity Reduction

<

>

Multiple technologies can be deployed together to give

Refinery significant reduction in carbon intensity of liquid fuels

Efficiency

CCUS
Technology
Green
Hydrogen
Fuel
Quality
Sustainable
Biofuels
Advanced
Biofuels
Power-to-
Liquids
Reduced carbon footprint of Increasing substitution of Petroleum
Petroleum refining with new feedstocks and components

4= FuelsEurope
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The technologies are being developed....

Algae, a biofuel of tomorrow

sunlight + cerbor + water + photosynthesis bio-oils

dioxide
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The technologies are being developed....

REFHYNE Project, 10 MW PEM Electrolyser

10 MW electrolyser

by REFHYNE
CLEAM REFINERY HYDROGEN FOR EUROPE
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The technologies are being developed....

o TTTE— BioTfuel, producing biofuels via thermochemical conversion

@ S .

A
P oo

PRETREATMENT
o Lignocellulosic feedstock
‘ E R E F H Y N E e Initial grinding and drying
CLEAN REFINERY HYDROGEN FOR EURGPE @ Torrefaction

Hydrocarbon feedstock [if coprocessed]

GASIFICATION
Air separator
Input, gasifier

Quench chamber

SYNGAS CONDITIONING
H,/CO Ratio adjustment
Cleaning with physical or chemical solvents

Final purification

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

Biodiesel/Biojet fuel

2900 000 ©00 o

4= FuelsEurope
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The technologies are being developed....

sunlight  + carvon + water + photosynthesis = Wa Ste -to - F u e I

dioxide

©m+@

rﬁﬁ‘&’l

BIO WASTE-TO-FUEL

[: Pyrolisi d bio-oil
‘. REFHYNE Farm manure Industrial food waste | Ug;c:'é:zlisn;[erng ’

S Non-wood biomass
Used cooking oils Wood biomass

. Q i =
0 =
: CRUDE-TO-FUEL I:I.S_l — -Elfr"ﬁ ﬁ Low-carbon fuels
o Refining and coprocessing
- X
% EOL plastics Used tyres I
: Municipal solid waste ‘
Waste lubricants Solid recoverd fuels Pyrolisis TRL 7

MINERAL WASTE-TO-FUEL

%= FuelsEurope -
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The technologies are being developed....

L —— Fulcrum BioEnergy, Municipal Waste-to-Fuel

o2 B0 4 [h o=
0000 0O

200 6000 ©00 o000

WASTE MATERIALS ARE WASTE IS CONVERTED SYNTHETIC JET FUEL IS FUEL IS DELIVERED
IS COLLECTED. RECYCLED. SUITABLE TO SYNTHETIC JET BLENDED TO MAKE IT TO AIRPORT AND INTO
WASTE FOR JET FUEL FUEL. SUITABLE FOR USE ON WIN.
BIO WASTE-TO-FUEL T IS COLLATED. AIRCRAFT.
ey -
e {
4= FuelsEurope s
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The technologies are being developed....

e T—— ReOil, Plastics-to-Fuels & Feedstocks

or

- R E F H I N E FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS )
: Intermediates

Plastics |[—>  Melting

| - IEn

@ Hydrocarbon feedstock if coprocessed]

@ Hrser . .
- >| Refinery
@ ouench cham: ber

SYNGAS CONDITIONING
@ +/coRatio agjustment

Solvent | > Dissolving ———> Cracking —> Separation m

@ claning i
@ Finatpuritcation
A
(-2 >
@
(@ BiodieselBiojet fuel

BIO WASTE-TO-FUEL

Pyrolisis and bio-oil I\
Farm manure Industrial food waste upgrading TRL § =l @
Usedcooing o | S dF

CRUDE-TO-FUEL 2 | —PM—V Low-carbon fuels a — ° — ° —

Refining and coprocessing
Municipal solid waste
Waste lubricants olid recoverd fuels

Pyrolisis TRL 7
MINERAL WASTE-TO-FUEL
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The technologies are being developed....

canbon

sunlight  + S ovide

+ water + photosynthesis =  bio-oils

)<

L‘(’
= (GONEH @ i or

o -
P oo

{ERY HYDROGEN FOR EUROPE

(1) REFHYNE

PRETREATMENT
@ Lisnocelitosic feedstock

@ Hitialrinding and drying

@ Torreaction

@ Hydrocarbon feedstock [if coprocessed]

GASIFICATION

@ Airseparator
@ oo sesier
@ ouench chamber
SYNGAS CONDITIONING
@ H/CORatio adjustment
Q) Cicaring it physiaor chemical sovente
© Finetpuriicaion
FISHER-TROPSCH PROCESS AND UPGRADING
@ Fisher-Tropsch plant
@ Hydrotreating/hydrocracking
(@ Biodiesel/Biojet fuel

BIO WASTE-TO-FUEL

Pyrolisis and bio-oil
upgrading TRL5

Farm manure Industrial food waste
[ fros v

JE "\ I | 7 - PR,

Refining and coprocessing

EOL plastics Used tyres
Municipal solid waste
Waste lubricants | [Solid recoverd fuels Pyrolisis TRL7

MINERAL WASTE-TO-FUEL

Methanol Economy

Natural Gas

ENERGY

co, TO
TRANSITION

Waste or Renewable COMMODITIES

Energy/Renewable H,

Carbon
out

Carbon co,
in CAPTURE

CO, FROM
INDUSTRIAL OR ATMOS-
POWER PLANTS PHERIC CO,

CO, concentration in wet flue gases
Approx. 11% vol.

Approx. 8-8.5% vol.

Approx. 20% vol.

Approx. 4% vol.

FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE Reil PROCESS
Intermediates

[rome] - =1
- Em
e
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The technologies are being developed....

sunlight 5 0L water + photosynthesis =  bio-oils

PRETREATMENT
@ Lignocelulosic feedstock
@ nitiatgrinding and drying
@ Torreacton
@ Hydrocarbon feedstock if coprocessed]
GASIFICATION
@ Airseparator
@ 'outsiter
@ ouench chamber
SYNGAS CONDITIONING
@ H/coRatio adjustment
@ Cloaring with physicato chemcal savents
@ Finstpurication
FISHER-TROPSCH PROCESS AND UPGRADING %
@ Fisher-Tropsch plant
@ Hydrotreating/hydrocracking

Biodiesel/Biojet fuel

BI0 WASTE-T0-FUEL
Pyrolisis and bio-oil
upgrading TRL5

[Farm manure ] [industriat food waste |
‘ Non-waod bioma: —‘

[ Used caoking oits | |Wood biomass

upe.ro.sues ) ey [ BB e e o s

Refining and coprocessing

Used tyres |
Municipal solid waste _t
Solid recoverd fuels |

Pyrolisis TRL 7

[ EoL plastics |

‘ Waste lubricants ‘

MINERAL WASTE-TO-FUEL

Sunfire, Power-to Liquid

Co, (fi :
ELECTRICITY

o (GREEN) H,
E.G.ROUTE

METHANOL FISCHER-TROPSCH

LIQUID FUELS
(E-FUELS)

FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS

> Dissolving > Cracking

Intermediates

Waste or Renewable i
Energy/Renewable H,

(

ATMO!
PHERIC CO,

C0, concentration In wet flue gases
® Approx. 11%vol.
@ Approc. 8-85% vl
© Approx. 20%vol.
Apprax. 4% vol.

[(h =4~
~-0- 0

WASTE MATERIALS ARE WASTE IS CONVERTED SYNTHETICJETFUELIS  FUELIS DELIVERED
1S COLLECTED. RECYCLED. SUITABLE O SYNTHETIC JET BLENDED TO MAKE IT TO AIRPORT AND INTO
WASTE FOR JET FUEL FUEL. SUITABLE FOR USE ON WIN
15 COLLATED. AIRCRAFT.
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The technologies are being developed....

co, (frorr

T ——— On-board Carbon, Capture & Storage

WATER ELECTROLYSIS

o, * (GREEN) H,

E.G.ROUTE

METHANOL FISCHER-TROPSCH

FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS

Intermediates

( ) R E F H Y N E CO, Capture technologies tovoruss

> Dissolving > Cracking

PRETREATMENT

Lignocellulosic feedstock

Initial grinding and drying

Torrefaction

Hyerocarbon feedstock (i coprocessed]

Pre- Post- Oxy-

GASIFICATION

Air separator

Input, gasifier
Quench chamber Approx. 4% vol.

'SYNGAS CONDITIONING

combustion S combustion Ha =

Waste or Renewable
Energy/Renewable H, Approx. 20% vol.

H/C0 Ratio adjustment

) &

Cleaning with physical or chemical solvents
Final purification
FISHER-TROPSCH PROCESS AND UPGRADING

Fisher-Tropsch plant

00 000 ©00 o000

Hydrotreating/hydrocracking

Biodiesel/Biojet fuel

Absorbent Adsorbent Membranes

BI0 WASTE-T0-FUEL
Pyrolisis and bio-oil
upgrading TRL5

[Farm manure ] [industriat food waste |
Non-waod biom,
|Wood biomass | ‘

 Used caoking oils

- e | Y- P,

° e
Refining and coprocessing

Municipal solid waste _t WASTE MATERIALS ARE WASTE IS CONVERTED SYNTHETICJETFUELIS  FUELIS DELIVERED

CO, Separation technologies

.
e
B

[ EoL plastics

Used tyres |

| Weste Lubricants | |Solid recoverd fuels |

Pyrolisis TRL 7 1S COLLECTED. RECYCLED. SUITABLE TO SYNTHETIC JET BLENDED TO MAKE IT TO AIRPORT AND INTO
IMINERAL WASTE-TO-FUEL WASTE FOR JET FUEL FUEL. SUITABLEFORUSEON  WIN.
15 COLLATED. AIRCRAFT.
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The technologies are being developed....

canbon

sunlight  + Son

+ water + photosynthesis =  bio-oils

’ﬁt(

PRETREATMENT
@ Lisnocelllosic eedstock
@ Hitialrinding and drying

@ Torriaction

@ Hydrocarbon feedstock [if coprocessed]

SYNGAS CONDITIONING
@ H/CORatio adjustment
Q) Cicaring it physiaor chemical sovente
@ Finstpurication

FISHER-TROPSCH PROCESS AND UPGRADING
@ Fisher-Tropsch pant
@ Hydrotreating/hydrocracking
(@ Biodiesel/Biojet fuel

Bio-refinery

Hydrogen

—

Renewable feeds:
* Vegetal oils
* Tallow mmmmd Deoxygenation

* Used cooking oils
¢ Oils from algae waste

1treaction stage

Isomerization

2" reaction stage

Separation

Products
separation

U

o, f orothe
ELECTRICITY (Renewable
WATER

WATER ELECTROLYSIS

o, | (GREENIH,

JTE

ER-TROPSCH

— Light fuels
[Green LPG,
Green Naphtha)

UELS
Ls)

— Green Jet

L—» Green Diesel

Intermediates

m

R Light

[ ]
s

= i

BIO WASTE-TO-FUEL
Pyrolisis and bio-oil

[Farm manure ] [industriat food waste | upgrading TRL5

HO

i CH,
O FREE FATTY ACID

TRIGLYCERIDE PROPANE

STRAIGHT CHAIN PARAFFINS

GREEN DIESEL CH, cH

H,C

GREEN NAPHTHA

'CO, concentration i wet flu gases

- . [Fa
Non-wood biomass. -1 —Ju
[ Used caoking oits | |Wood biomass |
A i — —_ — —
CRUDE-TO-FUEL ()| me— M — Low-carbon fuels 0
Refining and coprocessing Absorbent Adsorbent Membranes
‘ EOL plastics ‘ ‘Usedlyres ‘ 1
| Weste Lubricants | |Solid recoverd fuels | oG] ' WasTE MATERIALS ARE WASTEISCONVERTED ~ SYNTHETICJETFUELIS  FUELIS DELIVERED
Pyrolisis TRL 7 1S COLLECTED. RECYCLED. SUITABLE TO SYNTHETIC JET BLENDED TO MAKE IT TO AIRPORT AND INTO
MINERAL WASTE-To-FUEL CO, Separation technologies WASTE FOR JET FUEL FUEL SUTABLEFORUSEON  WIN.
15 COLLATED. AIRCRAFT.
-~ I Page 22
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The technologies are being developed....

carbon
+  water

dioxide pisicis

+ photosynthesis =

<

light  +

C

PRETREATMENT

@ Lionccelutsic feedstock
@ iniit grinding and drying

@ Torrefaction

Hydrocarbon feedstock [if coprocessed)

o
GASIFICATION
@ Airseparator
@ oo sesier
@ ouench chamber
SYNGAS CONDITIONING
@ +/coRatio agjustment
@ Cloaring with physicato chemcal savents
@ Finstpurication
FISHER-TROPSCH PROCESS AND UPGRADING
@ Fisher-Tropsch pant
@ Hydrotreating/hydrocracking

T) Biodiesel/Biojet fuel

CO, Capture

A— = (Jieo,)

—> Captured from
industrial plant

—> Compressed and
temporarily stored

BI0 WASTE-T0-FUEL
Pyrolisis and bio-oil
upgrading TRL5

| [Inaustriat food waste |
Non-wood biomass
|Wood biomass | ‘

- e | Y- P,

Refining and coprocessing

[ EoL plastics | [Used tyres | 1
Municipal solid waste
| Weste Lubricants | |Solid recoverd fuels |

Pyrolisis TRL 7

[ Farm manure

 Used caoking oils

MINERAL WASTE-TO-FUEL

I

1%reaction stage

Transport

=

r_tEll:

LCO

- Compressed CO,
transported by ship

Products
separation

U

2 reaction stage

Ho . cH +HE cH
O FREE FATTY ACID HOWHO + HC cH Lo
A, co
) 4 HC H,e e~
He-o- cH, <> TcH,. "
° N e H,C
0~ A~~~ CH, HO o
O TRIGLYCERIDE PROPANE  STRAIGHT CHAIN PARAFFINS

Permanently stored

L Green ieset

GREENDIESEL CH, cp

CH CH
cH, ) HC

e

CH, CH,

H.C e~~~ CH

GREEN NAPHTHA

- CO,received and
temporarily stored

—> Export via pipeline offshore

— Permanently stored in reservoir
(1,000 - 2,000 meters below sea bed)

Absorbent

Adsorbent

CO, Separation technologies

Carbon Capture & Storage value chain project

SEA

Membranes

METHANOL FISCHER-TROPSCH

e |
!

co, f o

ELECTRICITY

WATER

'WATER ELECTROLYSIS
o, ‘ (GREEN)H,

E.G.ROUTE

LIQUID FUELS
(E-FUELS)

FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS

Dissolving > Cracking > Separation —»m

Intermediates
— - 1
.

|

m

Waste or Renewable
Energy/Renewable H,

-

/

—®

TG, concentration inwet flue gases
Apprx. 11% vol

Approx. -8.5% vol.

Approx. 20% vol.

Approx. 4% val.

o. = o
0 e
wasTE MATERIALS ARE

1S COLLECTED. RECYCLED. SUITABLE
WASTE FOR JET FUEL

1S COLLATED.

A

[ =&~
-0 0O

WASTE IS CONVERTED
TO SYNTHETIC JET

AW

SYNTHETIC JET FUEL IS
BLENDED TO MAKE IT
FUEL. SUITABLE FOR USE ON WIN
AIRCRAFT.
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The technologies are being developed....

co, (frorr

L « ELECTRICITY m ¥
sunlight oo+ water + photosynthesis bio-oils

™)

WATER

WATER ELECTROLYSIS

......and this is just a sample of all the R&D and ————

E.G.ROUTE

: -
nnovation projects currently underway ;

() REFHYNE

FIGURE 14: SIMPLE PROCESS FLOW DIAGRAM OF THE ReOil PROCESS

Intermediates

CO, Capture Transport Permanently stored ‘

> Dissolving > Cracking

B 0

Lignocellulosic feedstock

= (5 g

Initial grinding and drying

Torrefaction

Hyerocarbon feedstock (i coprocessed]

GASIFICATION

TO,concentration inwet flue gases
- Captured from - Compressed CO, - €O, received and @ Aoprox. 1ovol.
Alr separator industrial plant transported by ship temporarily stored ® Hoore s85%veL
input, gasifer Waste or Renewable 8-85% ol
oo chm - Compressed and - Export via pipeline offshore Energy/Renewable H, © Approx. 20% vol.
uench chamber

temporarily stored

00 000 ©00 o000

&n Approx. 4% val.
> Permanently stored in reservoir
SYMOAS CONDITIONMNG. (1,000 - 2,000 meters below sea bed) N
H,/CO Ratio adjustment ‘\”":/
Finst puriicaion CO, Capture technologies
» 2
FISHER-TROPSCH PROCESS AND UPGRADING
Fisher-Tropsch plant
Hydrotreating/hydrocracking
Sl fs [Fvarogen \
Renewable feeds Light fuels
Ve - Pre- Post- Oxy-
. Eamd Deoxygenation Isomerization sphtha
. ing combustion Combustion combustion
Green Jet
BI0 WASTE-TO-FUEL 1% reaction stage 2% reaction stage Products Green Diesel
Pyrolisis and bio-oil N
separation
[Farm manure ] [industriat food waste | upgrading TRL5
Non-wood bioma: U
[ Used caoking oits | |Wood biomass | '
A N o Lo e o GREENDIESEL CH, oy
CRUDE-TO-FUEL (| e— m — Low-carbon fucls [ HNHO & HC o ch ]
HC CH,
Refining and coprocessing . . Absorbent Adsorbent Membranes
CH. co. *
‘ EOL plastics ‘ ‘u;n« tyres ‘ T O He e . e
[Wese bricams | [sotarecoverarues | [ zimrncatone | e o, <> " ot o, oH wasre WaTERIALS ARE WASTEISCONVERTED  SYNTHETICJETFUELIS  FUEL IS DELIVERED
Pyrolisis TRL 7 0l H, HO HyC CH H.C oo~ CH IS COLLECTED. RECYCLED. SUITABLE TO SYNTHETIC JET BLENDED TO MAKE IT TO AIRPORT AND INTO
MINERAL WASTE-To-FUEL 0 RIGLYCERIDE CROPANE  STRAIGHT CHAIN PARAEFING CREEN NARHTIA CO, Separation technologies WASTE FOR JET FUEL FUEL SUTABLEFORUSEON  WIN.
15 COLLATED. AIRCRAFT,
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The refinery as an ENERGY HUB within an INDUSTRIAL CLUSTER

(\ RENEWABLE
%/, ELECTRICITY

«GREEN» AND
«BLUE» HYDROGEN

BIO-FEEDSTOCK =)

® Standard
O
»
CCS/CcCuU
Sustainable samssnnnnn
biofuel .
Low GHG ]
products """ b
Low GHG Illll> '."'b

fuels

Current first examples

New proposed strategy

Low GHG

Petro- - Low GHG
chemicals il Petro-
feedstock chemicals
Low GHG

products

Low GHG 3
fuels

y 4
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Why can refinery industry lead?

 Extensive corporate R&D capability.

 Deep experience in hydrogen and biofuels technologies.

* Growing experience in CCU & CCS.

e Close involvement in industrial clusters.

* Financial & project capability.

 Already subject to strong regulation.
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Why is this an attractive solution for the EU?

Industrial clusters exploit synergies and jointly develop innovative low carbon technologies.

Low carbon liquid fuels reduce emissions of all the vehicles in circulation immediately.

Complements Europe’s global lead on ICE technologies.

Full utilisation of existing infrastructure from refineries to service stations.

Industrial opportunity for EU to export technologies to the rest of the world.

Skilled jobs, energy security, technological leadership for EU economy.
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Policy enablers and requests

Ensure refinery and fuels low-carbon transition are included in the EU’s industrial and technology
strategies.

Policy framework and regulatory system for long-term investor confidence.

Retain refineries’ economic viability despite aggressive international competition.
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Policy framework: a proposal

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

UNTIL 2030 ” POST 2030 ” LONGER TERM
ALIGN CURRENT BREAK THE SILOS™: A COMMON
VEHICLES AND A COMMON CARBON PRICE
FUELS REGULATIONS CARBON PRICE FOR ACROSS THE
VEHICLES & FUELS ECONOMY
TTW correction for Vehicle standard One carbon price —
——p RED — based on becornes. sole CO2 » based on LCA —for all
market average . regulation in transport sectors
(no RED,...)

CO2 credit system

, for new fuel Effective carbon leakage

: CO2 credits generated ion for EU
technologies protection for
from all WTW (or LCA) ® industry and economy
CO2 credit system L steps count for vehicle
—> standards

for CCS
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Conclusion

Reinforcing European climate leadership through technologies and
industrial strategy.
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BACK UP SLIDES
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Change in world oil demand by sector in the New Policies Scenario - IEA WEO 2017
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Source: IEA, WEO 2017
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We have the technologies...
Multiple pathways towards low carbon transport

Low-carbon liquid fuel Long-term vision
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Comparison between the Mass EV and the Low-Carbon Liquid Fuel scenarios

Mass Electrification scenario

An estimated investment in EV charging and network
infrastructure between 630B€ to 830B€ to 2050.

Electricity demand for charging EVs in the Light Duty
Vehicle segment will represent 17,5% of EUs’ 2015
electricity generation.

Measures to address the annual loss of 66B€ in fiscal
revenue from fuel sales.

The construction of 15 Gigafactories to supply batteries
to the European EV market (550TWh).

Significantly increased Lithium extraction just for the full
electrification of the European cars and vans, with a peak
estimated at 6 times the 2016 Lithium global production
level in the world.

Construction of an equally large battery recycling
industry will be needed, with unknown power
requirements and environmental impact.

Low-Carbon Liquid Fuels scenario

Requiring significantly lower infrastructure investments
since only 50% of the recharging capacity of the High EV
scenario will be needed (326 to 390B€).

Only require 5 or 6 Gigafactories for battery production
and significantly limit dependency on demand of raw
materials to less than half of the High EV scenario
requirements

Offer a sustainable alternative for other transport
segments such as Aviation, Marine and Heavy Duty road
transport

The opportunity to supply to the entire existing light duty
fleet as these low-carbon fuels appear on the market,
thereby enabling a wider GHG reduction compared to the
usual fleet renewal scenario.
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Cumulative societal cost comparison between the Mass EV and the Low-Carbon Liquid Fuel scenarios

Cumulative COSt aymy| ATIVE NET SOCIETAL COST RELATED TO HIGH EV

Billion €
150
* From the graph we can see that 100
externalities related to the Low-Carbon 50 X
Liquid Fuels scenario are similar to what 0 ‘ —4— LCFuels

would be the full electrification scenario, ®— High EV + externalities

serving as the reference in this assessment —%— LCFuels + externalities

-50
-100

-150

2015 2020 2025 2030 2035 2040 2045 2050

Source: Ricardo Energy & Environment SULTAN modeling and analysis

External costs (or ‘externalities’) are the monetary value attached to the impacts of GHG, air quality pollutant emissions and other
impacts such as noise and congestion due to indirect effects, for example on public health and other elements
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Mass EV scenario — What about raw materials and import dependency ?

Qil prices used by scenario real 2016 5/barre
2017 2020 2030 2040
Current policies scenario 57.1 83.0 1285 1478
New policies scenario 57.1 80.0 1123 1255
450 Scenario 5.1 739 80 /89

To reflect the fact that 2017 oil prices have

Source: NERA Economic Consulting

Lithium-ion battery cost breakdown

$ / kWh averaged somewhat lower than projected by the $/KWh
1,000 A IEA in 2016, the prices shown above apply the 250
' |IEA’s scenario trajectories to $57/barrel (the
900 average price during the latter half of 2017).
_  Proftmargin
800 A\ N
700 BNEF observed values: Overhead ?‘.’,‘L‘,” :;;".].',l((.:n
A ~_— annual lithium-ion battery pac gl
— Y ice index 2010-2016
600 A /" price Index A BNEF observed values 150
500 A / == 19% learning rate
400 i Other materials
A 100 _—
300 .. -
A -~ Electrolyte | Matenal costs
200 = — 60%
- i 50 — S
0 . | Graphite I
S _J Lithium, cobalt, nickel |
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 0
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Mass EV scenario — What about raw materials and import dependency ?

Source: NERA Economic Consulting

Battery raw materials are likely to be imported : key metals required

Over 20% of global lithium reserves are in

PR B P | VS S —

Even rf 100% of European BEY battery demand were to be
subnlied by European batterv producers (for example. if European

Metals required MC  Battery price impact of higher metal prices
=  Lithium - Portugal produced around 200 tonnes of lithium in U —Lithium  —Nickel  — Cobalt Battery pack cost increase
2016 (arpu_nd 0.5% cn_' glpbal productic:-n)._ There are some | pr O (st B, 4 e G 15
further Lithium deposits in Europe potentially being developed &+ individualimported raw —
(e.g. Serbia, Czech Republic, Saxony in Germany and materials do not have a o)
Comwall in the UK). fro dramatic influence on battery | o By bran |
s 3 costs. A 200% increase in et Ipctthe -/
= Cobalt — More than 50% of production in 2016 came from Lithium price would increase batiories
Democratic Republic of Congo (DRC). Other major producers ¥ battery pack prices by just 1.5%
are China, Canada, Australia and Russia. F&
=  Nickel is more widely available —the biggest producers are f.—I
the Philippines, Russia, Canada and Australia. b +25% +60% +1oo% +a00% +a00%
Ml Raw matarial price change
wuUSL | 70) oUTo 5% 2970 U0
Cost (9) 12,000 1,000 7,000 20,000
-% EU 10% 100% 100% 54%
=% imported 90% 0% 0% 46%

sources: NERA Analysis based on data from Qlnovo.com, US Geologic al Survey
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Background - the Life Cycle approach

Raw materials and Fuel & energy Fuel & energy _ _
. . : . End of life of vehicle
production of vehicle production consumption

Wellto tank (WTT) Tank to wheel (TTW)

Wellto wheel (WTW)

Life cycle analysis (LCA)

As the impact of GHG emissions on climate change is independent of the specific point
of emission, a non-comprehensive approach may lead to wrong — and counter-
productive — conclusions.
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Other measures for the short and medium term

Other measures to stimulate R&D and unlock investment in low-carbon technologies

] | N

Long-term contracts

with public Fiscal measures Public procurement Incentives for R&D and
counterparties for early-mover
investments
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Key points for the EU industrial strategy

An ambitious RD&I program for industrial Remuneration of investments

— ——

low-CO, technologies in innovative, low-carbon technologies

Enablers for the transition
A consistent & predictable of refineries to a low-CO2

regulatory framework economy

A level playing field at EU/global level:
* Carbon leakage protection

* Competitively priced, carbon-neutral energy

Industrial symbiosis and a circular economy /

(energy recovery and recycling)
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The regulatory framework in the short term (until 2030)

Main * A holistic approach is needed - stop considering vehicle and fuels regulations in separate silos.

Goals .« A correction factor to apply when assessing a vehicle’s compliance with an emissions standard (TTW)

Tank-to-wheel correction for RED compliance based on a market average of fuels
(A correction factor can be calculated by taking the average EU percentage of all recycled carbon-based and }

renewable fuels placed on the EU road transport fuel market as a result of the RED.

Alternative compliance credit system for promising fuels and technologies
(An agreement between the fuel supplier and the vehicle manufacturer for more-expensive but very promising fuel }

technologies

Alternative credit system for capture and storage of emissions (CCS) generated by fuel producers

Credits for alternative compliance with vehicle efficiency standards could be agreed as part of a bilateral contract
between an investor in CCS and a vehicle manufacturer,

REFINING PRODUCTS FOR OUR EVERYDAY LIFE



The regulatory framework for the medium term (post-2030)

el * A cross-sectoral approach with a single cost of carbon across the economy
ain
Goals °* Then, asingle CO2 market for (road) transport

* Incentives from carbon savings for Fuels or the combination of efficient vehicles and low-carbon fuels

A WTT/LCA regulatory approach

&A CO, credit mechanism to make the reduction in CO, emissions generated on a WTT basis/LCA perspective couQ
for meeting vehicles’ CO, targets
» The vehicle emission standard would become the only regulatory instrument driving the reduction of CO,
emissions in road transport.
» The CO, credit certificates issued by fuel suppliers would consist of
 proven GHG emission reduction of the production of fuels used in the EU road transport system
* proven GHG emissions reduction from the use of recycled or renewable CO, in the formulation of the fuel,
\ which would count towards net CO, emissions from the production of that fuel
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Cost comparison between the Mass EV and the Low-Carbon Liquid Fuel scenarios

Annual Cost [Billion €)

2,500

< 2,280 Total BAU
- e 2.254 ota

2,000

1,500 Infrastructures @ Infrastructures
0&M g 0&M
Fuel Fuel
1,000 HIGH EV Capital Capital
Net Fiscal Revenue @ Net Fiscal Revenue
Loss vs BAU Loss vs BAU
500
0

2015 2020 2025 2030 2035 2040 2045 2050

Source: Ricardo Energy & Environment SULTAN modeling and analysis
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2025

MIXED FLEET

2030

2035

2040

Annual Cost (Billion €)

2045

2,500

2,280
j < 2,265
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1,500

1,000
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