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Sharing Experience

Sharing Experience

Building bridges between the oil industry and academic circles by delivering
technical or business-related presentations by professors or experts.
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OIL & GAS and ENERGY GLOBAL ISSUES
A Toolbox to understand the World of Energy
in the Global Economy

The Toolbox is updated twice a year and benefits from the
contributions of TPA Professors:

Coordination: GUERITTE Christian

LUC Benoit, PERSILLON Philippe, CORDIER Jean-Pierre, PAPEE Jean, MULLER Isabelle,
DEUTSCH Denis, FOURCADE Bernard, MICHAUD Olivier, SAINCRY Daniel, FOURNIE Francois,
CHOUX Jean-Claude, BERA Jean, GUYS Philippe, DE MERVILLE Eric, DUMAY Jean-Michel,
VALDELIEVRE Michel, FONTAINE Jean-Marc, FERRIER Jéréme, BITEAU Jean-Jacques, PETTEAU
Pascal, NOSJEAN Nicolas
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OVERALL TABLE OF CONTENTS

BOOK 1 Projects Economic Evaluation and Investment Decision
BOOK 2 Energy Industry Fundamentals

BOOK 3 Climate Change Challenges

BOOK 4 Oil Industry Fundamentals

BOOK S5 Gas Industry Fundamentals

BOOK 6 Unconventional Hydrocarbons

BOOK 7 Renewables (except hydropower)

BOOK S8 Hydropower

BOOK9 Coal Industry Fundamentals

BOOK 10 Nuclear Industry Fundamentals
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Some conversion factors for the Gas Industry

* 1 cubic feet =0,02832 m3

1Btu=1055J

« 1m3 # 38 000 Btu

 1m3 # 6,3 boe

* 1 boe # 6 Mbtu

1t LNG # 1 300 m3 Natural Gas

« 1m3 LNG # 600 m?3 Natural Gas

1 000 m3 Natural Gas # 0,86 toe

1 000 m? Methane = 0,71 t Methane
9 TPA Toolbox Energy Book 5 - Gas o
TPA o &5
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World Primary Energy Demand - 2024
+ 2,0% vs 2023

RENEWABLES

MODERN BIOENERGY
SOLID BIOMASS
HYDRO

NUCLEAR

OIL
5%

COAL

# 654 EJ
= 15,6 Gtoe*

* out of which electricity generation # 6,5 Gtoe # 31 100TWh (eq. Primary Energy)

Source: Data from IEA WEO 2025. Nota: Sums might not be equal to 100% due to rounding

Solid Biomass: tradit. wood & charcoal & solid residues. Modern Bloenergy ligluid & gaseous bioenergy (biofuels TPA Toolbox Energy Book 5 - Gas o
TPA & biogases) Renewables: Solar, Wind, Geothermal, Marine Energy;,.. {i@
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Total Final Consumption — 2024
+ 2,0% vs 2023

By type of Fuels By sectors
RENEWABLES OTHER

BIOMASS
HEAT

INDUSTRY

OIL
ELECTRICITY 21%

BUILDINGS

COAL
GAS TRANSPORT

# 453 EJ = 10,8 Gtoe

Nota: Sums might not be equal to 100% due to rounding
OTHER relates to agricultural sector & other non-energy use

Source: Data from IEA WEO 2025

11 TPA Toolbox Energy Book 5 - Gas

&



Oil chain vs Gas chain

Oil Chain Gas Chain

¢ Long and firm chain

¢ Physically fixed links from

¢ Short and loose chain wellhead to burner tip

¢ Interruptions easy to

¢ Interruption: no gas downstream
compensate

/ no money upstream
¢ Built-in market mechanisms

because oil is easily tradable ¢ Higher investment in the chain

¢ Few buil-in market mechanisms,
but fixed capacities

The marketing process of natural gas
is then fundamentally different from that of oil

TPA 12 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Basic issues in the Gas business

® 6 ¢ o

Natural gas transportation is characterized by very large economies of scale.
Share of transportation/distribution costs in overall natural gas supply costs is large.
Storage costs of natural gas are high and economic only for very large volumes.

There are environmental and efficiency advantages for natural gas, but this energy source can
always be substituted by other fuels.

Apart from some liberalized mature gas areas, the gas chain characteristics call for a stable access
to gas supplies and a secured market valorization.

Natural Gas Trade relies in particular on Long-Term Contracts. Spot markets also exist and take
more and more importance (Henry Hub, NBP, TTF....)

As from 20 years ago, the activity of Shale Gas production (US) has had an important effect on the
international gas market.

Price is only one of the commercial conditions which ensure the long-term balance between the
interests of the partners in the commercial agreements.

In term of CO, emissions, Natural Gas is emitting twice less emissions than coal par delivered
energy for electricity generation.

In the framework of the Energy Transition program and the combat against Climate Change, Natural
Gas is a good candidate to replace Coal which emits twice more CO, per produced kWh..

Nota: NBP : National Balancing Point
TTF : Transfer Title Facility 13 TPA Toolbox Energy Book 5 - Gas ‘g@



Main Gas advantages

Natural gas isan

lexible energy source.
===
. W—

Availability Accessability Affordability Reliability
There are sufficient global deposits A dependable global network of Gas is an affordable source of energy Gas is a highly reliable source of
widely distributed across the world to pipelines and a booming LNG market that enables balance between meeting  energy, with an advanced infrastructure
meet projected demand. make access to gas easy and secure. environmental challenges and continu- delivering over 99.9% reliability, while
ing to grow the economy. LNG and storage provide dependable

long-term security of supply.

TPA 14 TPA Toolbox Energy Book 5 - Gas ‘9@
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Share of Natural Gas in Energy related Air Pollutants and CO,

20% 40% 60% 80% 100%
@Gs @coa @0 @Bioenergy @ Non-combustion
Source: |EA World Energy Outlook, 2017 o B oo
TPA 15 TPA Toolbox Energy Book 5 - Gas
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Life Cycle GHG Emissions, g CO,eq per kWh,

The Carbon Intensity of Electricity Generation

1,001
¢ $ N < & ;:5‘ *-. P
W P At g & & S| o —}
s ¥ P S Y

Mote: Data is the 50th percentile for each technology from a meta study of more than 50 papers
Source: IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation

TPA 16 TPA Toolbox Energy Book 5 - Gas ‘9@
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Thanks to Natural Gas, Improvement of Air Quality — An illustration

eijing  Improving
Improving Air Quality
Air Quality

!SOx WM Natural Gas

M ug/m*PM25 M Beijing Gas Demand 250 4,500,000
200 20 | - 4,000,000
I 200 —FNF — 3,500,000
160 . ‘ i |
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3 ; | WYy, & 000,000
— 500,000
0.4 e o ? t—+ 0 e A o s W o W
feb 2000 WM 2012 1B U005 06 017 W 1988 1990 1992 1994 1996 1998 2000.2002 2004 2006 2008 2010 2012

Source: IGU
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Natural Gas chain

Flared Gas

Gross
Production

I
|
I

|
-<——

Re-injected Gas

Processing

Transportation Pipeline

Distribution
Network

Liquefaction Regasification

LNG Tanker

Industry
Sector

Commercial Sector

Residential
Sector

Power Production
Sector

Petrochemicals
Sector

Transport
Sector

1

I

|

I

| Plant Terminal (Compressed Natural Gas)
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Butane ~ | Kerosene, Gasoil | - - PEEac)

Pentane & Heavy Fractions

Gas-to-Liquids e
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La chaine gaziere

e Exploration/Production

— Le gaz naturel provient de gisements terrestres
ou marins.

e Transport

— Le gaz naturel est transporté par voie terrestre
via un réseau de gazoducs, ou par voie maritime
sous forme liquéfiee (GNL) par méthaniers.

e Stockage

— Le gaz naturel est stocké dans des réservoirs
souterrains. Le stockage permet d'ajuster la
distribution de gaz naturel a la demande client.

Exploration /
Production

Transport
e Distribution

— Le gaz naturel est acheminé des points de
stockage aux clients via un réseau de base et
moyenne pression.

TPA .

Sharing Experience

Stockage

Univers concurrentiel

Univers régulé

7 Terminal GNL ‘
(regazéification /
compression) \

Fourniture

de gaz
[ naturel

Distribution

TPA Toolbox Energy Book 5 - Gas
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Regional Natural Gas markets

Natural Gas is condemned to rigid, expensive infrastructures, which limit trade
over very long distances. Cost of transport 10 times more expensive than oil

No world Gas market but various national and regional gas markets

Three Main Regional Gas Markets with marginal links

Spot prices trading business is becoming more and more important

NORTH AMERICA
UNITED STATES

t

Impact of Shale Gas

Canada

US: Now Gas exporter

EUROPE
ESTERN EUROPE

]

Norway
ussia (subject to
sanctions)
Igeria/Qatar/USA

With this world market structure,

EAST ASIA
N / SOUTH KOREA

donesia/Malaysia
Australia
Middle East

Gas is in Competition with Regional Energy References.
No Mutual Price Adjustment and thus No International Gas Price Marker

20

TPA Toolbox Energy Book 5 - Gas
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Resources, reserves

TPA 21 TPA Toolbox Energy Book 5 - Gas ‘9@
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Some definitions

Categories of petroleum Reserves and Resources (SPE)

Project Maturity
PRODUCTION PRODUCTION Sub-classes
E| RESEI:{VE S 4 On Production T
o ' s
—_ & : : ’ = 4 Approved for
o | ! 1P P 3P °‘ a 19 RESERVES Development 2
AHE: : : > AHE s
w |8 Proved Probable Possible = 181 ° Justified for 0
O lz L] 4 | -
< |l u o W Development
a | 3 o = 3 g
v > IR
z 2|2 CONTINGENT E 32| 2 Development Pending §
>|138]|8 RC ALAE e e
3 & : RESDL_R('ES 8 :E g CONTIN G};'\I Development Unclarified | ‘5
E ! 1'(_ ”:C ?-C' ] - ; RESOURCES or On Hold o
£ 8 . d . 8 3 0 Development €
= 2 : i 8 ANE not Viable g
4 UNRECOVERABLE o = :
e o o UNRECOVERABLE 2
: £ ¢ D
G| & : PROSPECTIVE ; @ A ™ -
il E RESOURCES : ® el ¢ st g
<| 8 : : s |"| g | PROSPECTRVE :
: H = 14 : Lead N
E g Low Best High S RESOURCES
§ Estimate Estimate Estimate '3 Play
2 5 5 ' g
z Z UNRECOVERABLE
5 UNRECOVERABLE :
: Not to scale
Range of Uncertainty Range of Uncertainty
Not to scale “ >

Source: SPE 2011
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Evaluation of Reserves and Resources may
vary according to various sources

TPA 24 TPA Toolbox Energy Book 5 - Gas ‘9@
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Nota concerning BP publication

BP has terminated their publication of BP Statistical Review of World Energy in

2023.
The publication has been handed over to Energy Institute (Aberdeen University

membership)
In this publication, the evolution of World Hydrocarbons — Oil & Gas reserves is

no longer published.
The last figures are those at 31/12/2020

25 TPA Toolbox Energy Book 5 - Gas {9@
b
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Reminder - World Oil & Gas Resources at 01/01/2019

TPA

Sharing Experience

Liquids Gas
(w/o oil shales) ( w/o hydrates)
~2 900 Gb ~3 200 Gboe
vears 90 xSl |
: heavy oil —  Unconventional = :
resources :
Tight/
shale oil* _— : 90
%0 r— Yet To Find ——
40 <«—— Recovery increase — 60

Well defined conventional —» :
resources CBM:
' Coal Bed Methane

RLI: Reserves Life Index =
R/P ratio
Reserves/Resources Life

Already produced

RLI based on 2018 current production: 34 Gb Liquids and 23 Gboe Gas

Source: Total October 2019 26 TPA Toolbox Energy Book 5 - Gas



World Oil & Gas Resources at 01/01/2023 by TTE - Different classification

Liquids Gas
~2.000 Gb ~1,820 Gboe
60
Unc Explo - 100 Gb
: 73
S Unc Explo — 120 Gboe
46 03
Pre-FID Unconventional
Pre-FID Conventional 245 Gboe
SLLlED 24 Pre-FID Conventional
2 1 530 Gboe
Onstream and Post-FID
Onstream and Post-FID
800 Gb Years of production at
current pace 550 Ghoe

Already produced *

Source: TotalEnergies E&P Data Book 2023

I PA * Source: El Statistical Review of World Energy
Frod. Life based on 33 Ghiy liguids and 25 Gbhoefy gas

Sharing Experience
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R/P (« Proved Reserves ») Ratios
(BP Proved Reserves (1P) more in line with 2P)

TPA

Sharing Experience

Reserves-to-production {R/P)] ratros

Gas R/P World # 50/70 years*

W MorT Amenica W hKddie East =a
W = ECent America W Africa

B Eunops A Paciic

W CIs W \Warnd

120

s |

Ed (=1
i = — -
— T e
Morth S & Cant  Ewrope CIs Widdla Africa Hisin 0 =0 = e os 10 = =0 o
Amenca Amanca Eas Pachc

Glotal proved ol reservas were 1722 billlon bamals at the end of 2020, down 2 billien barmals versus 20019, The giobal RIF ratlo shows that ol reserves In 2020 accounted
Tor owea B0 years of cunent produciion. OFEC holds TD.2% of giobal resarves. The 1op coundries In tenms of resesves are Venegueda {17.5% of global resanes), closedy

foliowead by Saudl Arabla 117.2%) and Canada (3.7%)1.

Source: BP Statistical Review 2021
*R/P varies vs sources

28
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Fossil Fuels — « Proven Reserves » end 2024
# 960 Gtoe # 7,0 Tboe (Drastic decrease in China Coal Reserves vs end 2016)

1000
900
800
700
600
500
400
300
200
100

Proven Reserves (Gtoe)

Source;: Data from IEA 2025

B Coal
B Gas

m Oil

29

130
120
110
100
90
80
70
60
50
40
30
20
10

R/P Ratio (Nb of years)

H Oil
H Gas

H Coal
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Conventional and Unconventional Gas Resources
End 2024 (T.m3)

Natural gas Proven Conventional Coalbed
(trillion cubic metres) reserves Resources gas L methane
North America 19 143 49 9 78 7
Central and South America 9 84 28 15 41 -
Europe 5 15 18 5 18 5
Africa 19 100 50 10 40 0
Middle East 84 119 99 9 11 -
Eurasia 69 165 127 11 10 17
Asia Pacific 19 136 42 21 53 20
World 224 792 413 80 250 49

Notes: NGLs = natural gas liquids; EHOB = extra-heavy oil and bitumen. The breakdown of coal resources by
type is an IEA estimate. Coal world resources exclude Antarctica.

Sources: BGR (2024); CEDIGAZ (2025); Energy Institute (2024); OGJ (2024); US EIA (2025); USGS (2012a and
2012b); IEA databases and analysis.

Source: IEA WEO 2025 30 1A 100100X cnergy oook 5 - Gas
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Conventional and Unconventional Gas Resources
End 2024 (T.m3)

IEA WEO 2025:

Remaining Recoverable Resources end 2023:

Conventional : 413 T.m3 # 14 600 Tcf
Tight Gas : 80 T.m3
Shale Gas : 250 T.m3
CBM : 49 T.md
Unconventional : 379 T.m3 # 13 400 Tcf
Total # 792 T.m3 # 28 000 Tcf

TPA 31 TPA Toolbox Energy Book 5 - Gas 9@
b
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World Gas Discoveries and Production
Perspectives

300

270

240

210

180

120

annual discovery & production Tef
=

30

o

world natural gas annual discovery & production with forecast

I 8 499
disc synt
prod (gross-rein) T 649
marketed
— = T =13 Pcf 5 799
_____ IEQ2023ref
' oo TEQ 202 1ref 5949
”,
. - - — IEO2019%ref
2T e WEO2021SP 5 088
o o
r;‘ ~ = WEO2022SP g
P — g 4249 7,
\ — — WEO2023SP o
\ =
% Jean Laherrere April 2024 | | 3399 =
\
\
\ 2 550
\ \
\
t o 1 700
“
b
a 850
o
™
™
— I I - o
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32 TPA Toolbox Energy Book 5 - Gas

Source: Jean Laherrére April 2024

&



World Gas Discoveries and Production

world NG cumulative production & discovery
18 000
- = =U=18 Pcf
16 000 e CD) P
- — =U=18 Pef el
- - #

14 000 PP L’
- —0CP _- L
& 1 ,
E 12 000 - s
S L’
= ,
2 10000 !
2. ,
<2 !
- 8000 !
¥
: /
£ 6000 ’
=
@
=
E 4000
=
=
S 2000

Jean Laherrere Dec 2023

0
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

TPA Source: Jean Laherrére December 2023 3 TPA Toolbox Energy Book 5 - Gas ‘?@
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Proved Reserves (1P) and 2P Reserves

world natural gas remaining reserves from different sources

000 | | |
MNorth Dome 1971 ' =
7000 1~ North Field Qatar —
& South Pars Iran _'__'___.f
=1500 Tef /
6000 ~ Vs NG
S000
=
= 000
3000 — PP technical
/ e proved WO
2000 P w——proved OPEC ABS
/ —proved OGJT
_/ w—mproved BP2019
1000
-lf
0
1950 1955 1980 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
Jean Laherrere Dec 2023 vear
. TPA Toolbox Energy Book 5 - Gas
TPA Source: Jean Laherrére December 2023 34 ay ‘?@
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R/P Ratio: Proved Reserves and 2P Reserves

R/P year

160

world R/P for world natural gas from different sources

150 \ North Dome 1971
\ North Field Qatar 2P technical
140 & South Pars Iran 1P WO
\ =1500 Tcf o
130
™ ——1P OGJ
120
— ] P OPEC
110
1P Cedigaz
100
—_— P BP

20 |

80 \\

70O \?‘\

o0 7 P_K-/H__-"" =8 \:; :\$

40 - r

30

20

10

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Jean Laherrere June 2022 year
35 TPA Toolbox Energy Book 5 - Gas
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World Fossil Fuels & Gas Production (Mt)

world fossil fuels production

7500
7000
Jean Laherrere March 2026
6300
6000
=hard coal
5500 )
i —ml
3000 ——conventional natural gas
4500 ——brown _coal
E 4000 ——shale gas
= 3500 NGPL /
3000 coalbed methane
2500
2000
1500
1000
500 / -~
0 B s 7
1 900 1925 1950 1975 2 000 2025

TPA Source: ASPO Jean Laherrére - March 2026 36 TPA Toolbox Energy Book 5 - Gas {?@
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World Gas Production & Forecasts

US natural gas production & forecasts

43
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World Gas Production & Forecasts

World 2023 NG demand or production forecasts from 9 sources

200 6000
— X OM EJ
180 —BP EJ 5400
—— Total EJ
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&)
20 2400
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TPA Source: Jean Laherrére December 2023 38 TPA Toolbox Energy Book 5 - Gas ‘?@
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World Conventional Gas Production — HL & Annual Production & Forecasts

HL of conventional NG production is linear since 2000 trending toward 180 GT world conventional NG production

HL of conventional NG production 2400

200
6 o —— conventional natural gas .
7 \
200 u=17s Gt \ 180
‘ S P
5 2000 |—CP \
U=175 Gt \ .’ 160
1800 — Vo
4 \/ 140
1600 | JeanLaherrere March 2026 "
L
< o 9
2 1400 . 120
03 . o 0
c = 1200 4 100 &
= | )
\
2 1000 1‘ %0
800 .
1 . \ 60
Jean Laherrere March 2026 sy h 600 s
. \ 40
0 4 400 S
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 - . 2
CP Mt )
0 Te1

: . . L 1900 1925 1950 1975 2000 2025 2050 2075 2100 2125
For 180 Gt ultimate conventional NG production is presently peaking (in fact 2019)

TPA Source: ASPO Jean Laherrére - March 2026 39 TPA Toolbox Energy Book 5 - Gas o
HL: Hubert Linearization b
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World Shale Gas Production — HL & Annual Production & Forecasts

HL of shale gas production trends towards 16 GT

20

18

16

aP/CP%
=

HL of shale gas production

--aP/CP%

Jean Laherrere March 2026

CP Mt

For a 16 Gt ultimate, shale gas production is about peaking!

TPA Source: ASPO Jean Laherréere - March 2026
HL: Hubert Linearization

Sharing Experience

world shale gas production

00 o ewaaany 16
700 5 ’ 14
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/
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\
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In 2040, shale gas production would be about 2010 production

40 TPA Toolbox Energy Book 5 - Gas {9@
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World Proven Gas Reserves — Regional shares
Evolution 2020/2010/2000

Proven Gas Reserves at end 2020 # 188 T.m3 # 6 600 Tcf

90

80

70

60

50

40

30

20

10

0

# 60% of Proven Reserves in
Russia, Iran, Qatar, Turkmenistan
B End 2020
B End 2010
® End 2000
IR -
MIDDLE EURASIA  ASIA AFRICA NORTH C.&S. EUROPE
EAST PACIFIC AMERICA AMERICA
Source: Data from BP Statistical Review 2022 “ TPA Toolbox Energy Book 5 - Gas
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World Gas Proven Reserves 2010 - 2020

At end 2010:
# 180 Trillion m3

19%

21%

2%
3%

.
3% . 18%
3%
4%
5%
8% 14%
M Russia M Iiran B Qatar B Turkmenistan
mUsS W Saudi Arabia ™ Venezuela = UAE
Nigeria I Algeria Rest of World

Source: Data from BP Statistical Review 2022

Sharing Experience

At end 2020:
# 188 Trillion m3

3%
3%
17%
3%
4%
7%
(o)
7% 13%
W Russia M Iran m Qatar B Turkmenistan
mUsS ® China M Venezuela I Saudi Arabia
UAE ™ Nigeria Rest of World

TPA Toolbox Energy Book 5 - Gas
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History of World Gas Proven Reserves
1980 - 2020

(T.m3)

200
180
160
140
120
100
80
60
40
20

B Non-OECD
m OECD

1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020

Source: Data from BP Statistical Review 2022

TP A 43 TPA Toolbox Energy Book 5 - Gas ‘9@
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Africa — 10 top countries for Gas Proven

Reserves

TPA

Sharing Experience

Top 10 African Countries with
the Highest Proven Natural
Gas Reserves (2025) %

(T.m3)

l . --5.761 Tcm 9, --0.343 Tcm
GLOBAL RANK- 8TH L GLOBAL RANK—- 33RD
NIGERIA ANGOLA
--4.504 Tcm --0.283 Tcm
GLOBAL RANK- 10TH GLOBAL RANK- 36TH
ALGERIA REP. OF CONGO
P 2c2rem 0135 Tem
GLOBAL RANK~- I13TH GLOBAL RANK~- 42ND
MOZAMBIQUE CAMEROON
B __784Tcm --0.85 Tem
B CLOBAL RANK-17TH GLOBAL RANK- 50TH
EGYPT SUDAN
GLOBAL RANK- 2IST GLOBAL RANK- 54TH
LIBYA TUNISIA
Bcm- Trillion Cubic Meters
Designed by- @ Felix Odia Source- globalfirepower.com Designed by- @ Felix Odia

44 TPA Toolbox Energy Book 5 - Gas

&



@)

Conventional and Unconventional
Gaseous Hydrocarbons
(See also Book 6)
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Conventional & Unconventional Hydrocarbons

TPA

Conventional Deposits

Oil well

MNon-conventional Deposits

Natural gas

Reservoir water

Rock oil

Coal Seam
Deposit of

Impermeable
Coal Seam Gas P

Seal rock

Résenvoir compact
agaz

Tight Gas Deposit

<= Proppants,
e.g. silica sand

P i ’ Oil shale

0 Natural gas,

- Shale Gas Deposit '
trapped in rock pores

P <'f\h IGas =
I'l ' By pressure enlarged OTJ':F’ @ '1:6 |
II"J| or created rock cracks TO Oﬁ
An illustration of shale gas compared to other types of gas deposits. ==
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Conventional & Unconventional Gas

/PERMEABILITY

Shale gas Tight gas

Unconventional

1 nanodarcy 1 microdarcy 1 millidarcy 1 darcy
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Conventional & Unconventional Gas

COALBED METHANE TIGHT GAS

GEOLOGICAL TRAPS

SHALE GAS

CONVENTIONAL 9‘5]

N —
i(

PNE
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Hydraulic Fracturing

HYDRAULIC FRACTURING

Wwater —,
pumper truck-

T

| 1,000 M

L_ 4,000m
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Unconventional Gas: Coalbed Methane

,PRODUCTION OF COALBED METHANE
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Reconciliation of Gas Resources Estimates
at end 2019 — T.m°® & Number of Years

R/P ratio (Years)
225 \)\a(\qe M)
200 C “—

o9%
175 IEA (+ Shale Gas)
150
Total (+ Tight Gas, Shale Gas, CBM)
125 A
\%

S\

100 (2
a0
75 o_'[ata.l_(d-_Explo._CQn.\Leutiona!)
50 \p Total (Well defined Conventional)
IEA (Proven)

25 BP (Proven Conventional + Unconventional)

‘ IEA (+ Tight Gas)

IEA (+ other Conventional)

. Resources (T.m3)
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Production, consumption: past and
present
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Gas Production: from Gross to Net

¢ Gross (ex-well) Production is usually not provided by statistics

¢ Associated Gas = about 20% of Gas Production ( # 810 Bcm)

¢ Net (Marketed) Production = Gross Production minus

+ Reinjected gas = 9% (mostly US & Algeria)
+ Gas flaring & venting = 3% (mostly Russia, Iran, Irak)
+ Shrinkage, fuel gas, and other losses = 7%

=> Net Gas Production = 81% of Gross Gas Production

Source: Cedigaz & BP stats
55 TPA Toolbox Energy Book 5 - Gas
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Gas Flaring — Total World: 167 G.m?3 in 2025, + 16% vs 2012

Russia n°1, Iran n°2
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Source: NOAA, Payne Institute and Colorada School of Mines, US Energy Information Administration (EIA), and World Bank Group.
Source: Global Gas Flaring Tracker Report July 2026
Global Flaring and Methane Reductions Partnership & World Bank
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Gas Flaring — Total World: 167 G.m?3 in 2025, + 16% vs 2012

Russia n°1, Iran n°2
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History of Gas Production 1970-2025
Gas Consumption & Production will grow fast

(G.m3) Impact of

4200 Covid-19
4000
3800 Impact of 2008-2009
3600 World Economic crisis
3400
3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

B Non OECD
m OECD

1970

1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2004
2006
2008

2002
2010
2012
2014
2016
2018
2020
2022
2024

Source: Data from EIl Statistical Review 2026

Excludes Natural Gas converted to liquid fuels. Includes derivatives of coal
TPA and Natural Gas consumed in GTL transformation >8 TPA Toolbox Energy Book 5 - Gas ‘:2@
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World Gas Production 2015 - 2025

2015
#3510 G.m3

N°1 US, N°2 Russia

2025
#4200 G.m3

N°1 US, N°2 Russia

33%

2%

3%
° 4%

‘ 17%
5%

5% 9%

Source: Data from El Stat. Review 2026
TPA Excludes gas flared and recycled

Sharing Experience

m US m US
m Russia 26% 26% ® Russia
® Iran ® lran
m Qatar m China
m Canada m Canada
m China — m Qatar
m Norway 2% / m Australia
. . 3% . .
m Saudi Arabia m Saudi Arabia
® Indonesia 3% 15% o Norway
m Algeria 4% m Algeria
m Rest of World 4% 5% 6% m Rest of World
0 6%

Note: Differences between consumption and production are due to stocks
at storage facilities and liquefaction plants. Rounded figures
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Africa — 10 top Gas Producers 2025

TOP 10
GAS PRODUCERS

*"IN AFRICA

Africa’s Gas Powering Today, Fueling Tomorrow

NORTH AFRICA DOMINATES

ALGERIA | ~ Major supply
WITH 3 COUNTRIES

to Europe.

>

EGYPT

Key fields like Zorh
make it a regional
gas hub.

ALGERIA <
NIGERIA | Huge reserves.

LIBYA

but affected by

| Important supplier
instability.

New gas projects
ANGOLA ‘ boosting output.
_TANZANIA
()
MOZAMBIQUE

One of the future

MOZAMBIQUE global gas giants

due to its massive
offshore reserves.

GHANA

emerging gas

’ West Africa’s
producer.

FUTURE GIANTS

Mozambique §. Senegal ., B
because of their new huge discoveries.

Increasing output
IVORY COAST with new offshore

discoveries.

LNG exports
CAMEROON ’ growing stability.

z TANZANIA 1 el il

future growth.

WHY IT MATTERS

ENERGY SECURITY ECONOMIC GROWTH INVESTMENTS CLEANER FUTURE
Powering Africa Creating jobs and Attracting global Natural gas as a bridge
and the world. boosting economies. investments. to a low-carbon future.

[ e R iy, ABUNDANT RESOURCES. BRIGHTER FUTURE. ’
e ] ’
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History of Gas Consumption 1970-2025
Gas Consumption & Production will grow fast

Impact of
(G.m3) Covid-19

4200
3‘ 388 Impact of 2008-2009 N
3600 World Economic crisis

3400 ~_

3200
3 000
2 800
2 600
2400
2200
2 000
1800
1600
1400
1200
1000

800

600

400

200

B Non-OECD
W OECD

1965
1967
1969
1971
1973
1975
1977
1979
1981
1983
1985
1987
1989
1991
1993
1995
1997
1999
2003
2005
2007
2009

2001
2011
2013
2015
2017
2019
2021
2023
2025

Source: Data from EIl Statistical Review 2026

Excludes Natural Gas converted to liquid fuels. Includes derivatives of coal
TPA and Natural Gas consumed in GTL transformation o1 TPA Toolbox Energy Book 5 - Gas ‘:2@
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World Gas Consumption 2015 - 2025

2015
#3470 G.m3

N°1 US, N°2 Russia

2025
#4190 G.m3

N°1 US, N°2 Russia

m US

21%

® lran

40%

il

% 3% 3% 3%

/AN

m Russia

= China 36%

® Japan

m Canada

12% u saudi Arabia
m Mexico
® Germany
6%

m United Kingdom zcyi

22%

2%

3% 3% 6%

/ 11%
11%

0,
5% m Rest of World /‘2%

Source: Data from El Stat. Review 2026

Note: Differences between consumption and production are due to stocks at
storage facilities and liquefaction plants. Rounded figures
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m US

m Russia

m China

® Iran

m Saudi Arabia
® Canada

m Mexico

m Japan

® Germany

m UK

m Rest of World
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Main Gas Producing and Consuming Countries

Year 2025
(G.m3) Production | (G.m3) Consumptlor_1
N°1 USA, N°2 Russia N°1 USA, N°2 Russia

1100 1100

1000 1000
900 900 -
800 800 -
700 700 -
600 600 -
500 500 -
400 400 -
300 300 -
200 I I 200 -
100 I I 100 -
0 II II II II 0 -

0‘9 r:,\% M A &’b‘ < @’b N *@ \)6’ é,\'b .\(@ *00 ‘S\Q ’be .\(.,o S (\* 0‘5
ngo MO~ o’b& & o“}"@ . vsz éo*\é v{gz Qg‘o o . v,;b R @e;& & Q}@
v O Ry ©
@o (,’b
S
Total World #4 200 G.m3 Total World #4 190 G.m3

Note: Differences between consumption and production are due to stocks at
storage facilities and liquefaction plants. Rounded figures

Source: Data from EIl Stat. Review 2026
TPA Rounded figures 63 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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2025 Natural Gas Supply and Demand

(G.m3) World Market

31%

#4 200 G.m?3 = 3,6 Gtoe

Europe

CIS

ed Production and Consumption 2025

/5%

Source: Data from El Stat.
Review 2026
Not at scale

TPA

Sharing Experience

North America*
* incl. Mexico
4% 4%

South & Cent.
America

19%

798

15%

23%

241

4%

18%

Asia Pacific

Not at scale

Africa

Production

E Middle East
64
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Global Gas Demand map by Regions - 2019-2025 by IGU 2025

Sharing Experience

North America
Bom

Bcm Bcm

Bcm

Source: International Gas Union (IGU) Global Gas Report 2025
TPA IRystad Energy — September 2025

Year Year Year Year

2020 1,063 2020 144 2020 533 2020 157
2021 1,078 2021 162 2021 556 2021 167
2022 1,120 2022 152 2022 495 2022 165
2023 1,138 2023 155 2023 456 2023 171
2024 1,161 2024 154 2024 458 2024 168
2025F | 1,171 2025F | 157 2025F | 463 2025F | 174

Word

Year
2020
2021
2022
2023
2024
2025F

Bcm

598

586

606

643

"~

f‘
N 4

v rd

r

Year Bcm Year Bom Year Bcm
2020 423 2020 216 2020 51
2021 475 2021 088 2021 51
2022 452 2022 976 2022 53
2023 463 2023 1,005 2023 51
2024 474 2024 1,041 2024 51
2025F | 476 2025F | 1,057 2025F 51

Source: Rystad Energy
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Global Gas Demand by Regions and Sectors 2020-2025 by IGU 2025

Bem Bcm

4,500 4,500

4,000 - 4,000

3,500 = - I 3,500

3,000 - 3,000

2,500 2,500

2,000 2,000

1,500 1,500

1,000 1,000

500 500
0 0
2020 2021 2022 2023 2024 2025F 2020 2021 2022 2023 2024 2025F

®North America  HAsia Middle East " Europe : Ezgsgntial and Commercial :langﬁEE)rci}arltation
mRussia mAfrica mSouth America mOceania Fuel Gas and Others

Source: International Gas Union (IGU) Global Gas Report 2025 )
TPA IRystad Energy — September 2025 66 TPA Toolbox Energy Book 5 - Gas ‘?@
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Regional Gas Demand by Sectors by IGU 2025

Bcm

1,400 | North America Asia Middle East Europe Russia Africa South America Oceania

1,200

1,000 o N

L L L. L L. L L 1
= L] = ] = o = o
o S o O R o O S N o O ol
o o 2 o 2 = o 2 o2 o 2 o2 o
N oy ™ o ™ ™ ™ oy ™ oy ™ ™ rd
Hm Power B Industrial Residential and Commercial M Transportation Fuel Gas and Others

Source: International Gas Union (IGU) Global Gas Report 2025/
TP A Rystad Energy — September 2025 67 TPA Toolbox Energy Book 5 - Gas ‘9@
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Gas Demand, Production, Exports & Imports by Regions by IGU 2025

Bcm
1,800
1,600
1,400
1,200
1,000
800
600

400

2020

Europe
IMPORTER

[F
w1
~
o
[y

2020

Asia
IMPORTER

o Production

Oceania
EXPORTER

s [Demand

2025F
2020

Africa
EXPORTER

Source: International Gas Union (IGU) Global Gas Report 2025/
TP A Rystad Energy — September 2025
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2025F
2020

68

Russia
EXPORTER

2388 Implied import needs

Middle East
EXPORTER

2025F
2020

2025F

Morth America
EXPORTER

2020
2025F
2020

%% Implied export potential

South America
BALANCED

2025F
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Global Natural Gas Market 2025 vs 2024

Consumption Production Gross imports Gross exports
Regions Bcm % change Bcm % change Becm % change Bem % change
Asia © 59 O 15% © 01 Q 1.4% — Q@ 0.4% Qs © 1.4%
Europe C+ © 1.1% @ :4 @ 15% [+ JPER:! Q2% Q:4 © 1.6%
North America | @ 10.4 © 0.9% © 0.1 Q1% [+ © 23% [+ YK © 11.8%
South America | € 3.9 © 25% [+ JeXe Q 26% Qo1 ©oo% e 41 @ 15.4%
Africa [+ I © 3.4% Q 1356 QO s% [+ I Q416% | @ 264 © 303%
Middle East Q 282 Q 4.6% © 213 Q1% © os © 0.6% @35 @ 1.9%
Russia Q.7 © 0.4% @03 @ 0.0% @ 36 Q 473% | @103 Q 6.5%
Oceania @ 04 @ 0.8% -+ N3 © 1.0% Qo2 @ 1000%| @ 1.4 Q 1.2%
World © 706 © 1.7% © s7.0 Q21% | @ 306 ©24% | @478 © 38%

Source: International Gas Union (IGU) Global Gas Report 2025/Rystad Energy

September 2025

69

TPA Toolbox Energy Book 5 - Gas

&



More than 70% of Gas is used in the country where it is produced...
Since 2022 (Russian attack against Ukraine), contribution of pipeline trade has decreased

World Gas Consumption in 2025 # 4 190 G.m?

Pipeline trade:

LNG trade: 14%

Indigenous production:
73%

2025 Gross International Gas trade is around #1 150 G.m?3
of which # 580 G.m?3 of LNG (50,4%) & # 570 G.m? by pipe (49,6%)

Note: Pipeline intra-region trade is excluded
TPA LNG includes re-exports 70 TPA Toolbox Energy Book 5 - Gas
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Natural Gas Trade by Energy Institute (El)

TPA 71 TPA Toolbox Energy Book 5 - Gas ‘9@
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Gas - Production & Consumption by Energy Institute 2025

Natural gas

LNG trade expanded by 6.5% as gas consumption grew by 1.6%

Source: El Statistical Review 2026 2 TPA Toolbox Energy Book 5 - Gas ‘?@




Gas — Major Trade Movements 2025 - LNG

0 Natural 8aS Major trade movements 2025 - LNG

Exports Billion cubic metres Imports

us

Qatar -

Australia

Africa

Russian Federation
Malaysia

Other Asia Pacific

Other Middle East

Other Americas

Europe

China

Japan

South Korea

Other Asia Pacific

India

Taiwan

HE Middle East & Africa
—

S. & Cent. America

Europe North America
LNG trade grew significantly by 6.5% in 2025, after almost global share, but Japan is only narrowly behind with 15.3%.
no growth between 2023 and 2024. The US was a primary Both countries imported one-third of their LNG from
driver of this large growth with exports up 27.1% on 2024 Australia. The Asia-Pacific region alone was responsible for
levels. The US retained its position as the largest exporter, 62% of all LNG imports. After decline in 2024, European
responsible for over a quarter of global exports, followed by LNG imports bounced back in 2025 with a 30.6% increase.
Qatar (19.2%) and Australia (18.1%), collectively accounting The US remained the largest supplier of European LNG, with
for 63% of total global LNG exports. the Russian Federation the second largest.

China decreased its LNG imports by 13.5% in 2025, and
remained the largest importer of LNG with 15.7% of the

Note: regional groupings vary across trade tables and data will vary accordingly.

TPA Source: El Statistical Review 2026 & TPA Toolbox Energy Book 5 - Gas ‘?@
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Major LNG Trade - 2025

TPA
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o Natural ga5 Trade movements 2025 as liquefied natural gas*

Billion cubic metres
To

Canada

Mexico

us

North America
Argentina

Brazil

Chile

Cther 5. & Cent. America
5 & Cent. America
Balgium

France

ltaly

Spain

Tirkiye

United Kingdom
Other European Union
Rest of Europe
Europe

Egypt

Kuwait

United Arab Emirates
Cther Middle East & Africa
Middle East & Africa
China

India

Jlapan

Malaysia

Pakistan

Singapore

South Korea

Taiwan

Thailand

Other Asia Pacific
Asia Pacific
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28 19 19 — ~| 22.3| 136 906 69 1 26 01 88 81
52 10.7 3.B 6/ 15.3 111.0 7.0 1 2.9

Source: Includes data from GIGNL, S&P Global.

* |ncludes re-exports.
# Lezs than 0.05.
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Note: As far as possible, the data above represents standard cubic metres (measured at 15°C and 1013mbar) and has been standardized using a gross calorific value (GCV) of 40MIm?.

Source: El Stat. Review of World Energy 2026 74
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Gas — Major Trade Movements 2025 - Pipeline

o Natural 8aS Major trade movements 2025 — pipeline

Exports Billion cubic metres Imports

Norway -
Russian Federation -

us

e [

Other CIS

Europe

-
.

Mexico

Middle East

N -

Middle East

Algeria IR -

Asia Pacific

Total ‘inter-regional’ pipeline trade decreased by 3.6%

in 2025. While Europe remained the largest importer of
pipeline gas, its imports declined by 14.8%, with imports
from the Russian Federation declining further. Overall, the

Russian Federation saw its pipeline exports decline by 8.5%.

When including trade between Norway and Europe, Europe
is the largest player in global pipeline trade, responsible
for 37% of global imports and 20% of exports. Norway

Note: regicnal groupings vary across trade tables and data will wary accordingly.

Canada

I A frica

meemssm Other Asia Pacific

remained the largest supplier of pipeline gas to its European
counterparts, supplying more than half of Europe’s pipeline
imports. Significant trade between the North American
pipeline network continued, with the US increasing its
exports by 3.8% in 2025. Canada exported 87bcm of gas
entirely to the US, while the US exported 94bcm with 70%
flowing to Mexico and the remaining 30% to Canada.

TP A Source: El Stat. Review of World Energy 2026 75
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Major Pipe Gas Trade - 2025

TPA
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0 Natural gas Trade movements 2025 by pipeline*

From

Billion cubic metres
To

Canada

Mexico

us

Morth America
Argentina

Brazil

Other 5. & Cent. America
5. & Cent. America
Eurgpean Union
Mon-EU Europe
Europe

Belarus

Kazakhstan

Russian Federation
Other CI5

Cls

United Arab Emiratas
Other Middle East
Middle East

South Africa

Cther Africa

Africa

Australia

China

Malaysia

Singapore

Thailand

Asia Pacific

Total exports

87.2

Source: Includes data from FGE MexantECA, S&P Global Energy.
* |ntra-region trade i excluded. For example, trade between countries within Other Europe is excluded. Region coverage varies compared to

94.2

above, but part of Europe in “Inter-regional trade’ table.

# Lezs than 0.05.

oo oo

23.5

49 367
4.9 101.6
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30.3
37.8
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Mote: Az far as possible, the data above represents standard cubic metres (measured at 15°C and 1013mbar) and has been standardised wsing a gross calorific value (GCV) of 40 MWm®.

Source: El Stat. Review of World Energy 2026

76

TPA Toolbox Energy Book 5 - Gas

‘inter-regicnal trade” table, eg Norway exports to EU, Mon-EU is included

&



Gas Trade & Flows has been dramatically upset as from 2022
due to the Russia — Ukraine war and its market and economic
consequences, in particular in Europe

See Book 2 — Energy, Chapter 20
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Production, consumption: perspectives
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Gas — Perspectives by TotalEnergies
See Book 2 - Energy
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Gas Production perspectives 2010 - 2030
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Gas production per environment Gas production per region
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Historical Forecast
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= Offshore u Deepwater & Ulira-Deep m Africa m Asia-Pacific CIS Europe
m Onshore Conventional  » Onshore Unconventional mMiddle East B Morth America B South America
/ Main growth drivers and expected difference in production between 2023 and 2030 (Bscfid) \\
United States - Haynesville - Shale gas Saudi Arabia - Jafurah, Marjan cnmlplex +2.4 Israel - Leviathan +0.8
United States - Utica - Shale gas 472 Iran - Rub Al Khalim Zagros foldbelt and Aghar  +2.3 Iraq - Bina Bawi _ i +0.7
United States - Marcellus - Shale gas : China - Anyue, Sichuan basin, Sulige +2.0 United Arab Emirates - Offshore Hail & Ghasha +0.7
United States - Mid-continent - Shale gas Malaysia Lang Lebah, SK316, RosmarifMarjoram +1.2  Trinidad and Tuha?o - Calypso +0.7
%atar_ - hIII::E[i Nrgﬁ, NFLI"Hr North ¥ | ofh *EE Australia - Scarborough, Browse +1g _F‘_ﬂ)l'll?s_ - Aphrodite +DDT'?'
ussian Federation- Ulrenneye, No amal, others +2. ozambigue - Golfinho-Atum Train 1 & Train2  *+1. anzania g1 & +0.
Canada - Shale gas +4 5 o ey —Iggkarya +1.3  Indonesia - Eg_ﬂiﬂ PSC +0.6
Turkmenistan -"South lolotan, others +3.7 Papua New Guinea - Elk-Antelope +0.8 Algeria - Ain Tsila +0.6
Qnil:ed States Permian - Associated gas production +14.5 /
Source: TotalEnergies E&P Data Book 2023
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Gas - Perspectives by BP
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Natural Gas Demand Evolution
A vision by BP 2025

The outlook for gas demand depends
on the speed of the energy transition

Matural gas demand Change in natural gas demand by region
Bem Bcm
6000 : —o— Current 1,000 Current Trajectory . Below 2 .
Trajectory . ina
@

—o— Below 2° I us & canada

| |
| |
| |
i i
| |
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i 500 i Other

3.000 | I developed
| 1,000 | ® Total
| |
| |

2,000 i |
: -1,500 |
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| |

1,000 i i
! -2,000 ! ®
i i
I I

0 : -2,500 :
2000 2010 2020 2030 2040 2050 2023-35 2035-50 2023-35 2035-50

Source: BP Energy Outlook 2025
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LNG Demand Evolution
A vision by BP 2025

LNG trade is underpinned by
gas demand in emerging Asia

LNG exports by region

Bcm
Current Trajectory Below 2°
1,000 : : - Us

i i
| |
| | Middle

500 i i . East
I I
| |
i i . Russia
i i Rest of
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400 l |
i i
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200 | |
i i
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| |

o
2023 2035 2050 2035 2050
Source: BP Energy Outlook 2025 84

TPA

Sharing Experience

MNatural gas demand and supply in emerging
Asian economies in Current Trajectory
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LNG Demand Evolution
A vision by BP 2025

Natural gas markets are impacted by both
geopolitical factors and new sources of demand

EU natural gas demand by source

Bcm
Current Trajectory Below 2°
450 . ;
! ! LMNG
! ! imports (net)
400 | ; .
i i - Other pipeline
350 i i imports (net)
! ! Russian
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250 ! ! Domestic
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200 | |
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100 | |
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2021 2024 2035 2050

2035 2050

Source: BP Energy Outlook 2025
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Sectoral contributions to US natural gas production growth*
(2024-2035)
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Gas — Perspectives by IEA
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Global Gas Production and Demand
Perspectives
In 2050: 4 400 G.m3 in STEPS Scenario
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World Natural Gas Demand by IEA 2025 STEPS

By sector By region
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bcm

4 000

2000

2000 2024 2035 2050 2000 2024 2035 2050
W Power ' Industry M Asia Pacific ' North America M Middle East
W Buildings M Transport W Eurasia M Europe Africa
Other " Centraland South America Int. bunkers
IEA. CC BY 4.0.

Natural gas demand growth levels off in the mid-2030s, with reductions in North America
and Europe more than offsefting increases in Asia Pacific and Middle East

MNote: bcm = billion cubic metres; Int. bunkers = international bunkers.
TPA Source: IEAWEO 2025 88 TPA Toolbox Energy Book 5 - Gas ‘?@
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World Natural Gas Production by Countries - IEA 2025 STEPS

United Russia Iran China Canada Qatar Australia Norway :f:;; Algeria

States
1250
=
L=
m]
1000
750
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=< w = u = =5 w = u = = u = u = =
o o o~ o e B o4 o o M (e B o4 o o M e B [ Bl
o O o O o O o O o O o O o O o o o O o O
o~ o~ ~d d o~ ~ ~ d [ ™~ ~ d [t I
w Domestic consumption B Net export
IEA. CC BY 4.0.

The Middle East and United States drive growth in global gas supply to 2035,

and they add around 250 bcm to their combined export capacity
TPA Source: IEAWEO 2025 89 TPA Toolbox Energy Book 5 - Gas ‘9@
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LNG Export Capacities - IEA 2025 Scenarios

p— CPS

g

po STEPS
Under
construction

NZE
300
Existing
LNG capacity
2015 2020 2025 2030 2035
IEA. CC BY 4.0.

The large upcoming wave of additional LNG export capacity is fully absorbed in the CPS
but results in well-supplied global gas markets in the STEPS through fo 2035

Note: CPS = Current Policies Scenario; STEPS = Stated Policies Scenario; NZE = Net Zero Emissions by 2050
Scenario.

TPA Source: IEA WEO 2025 90 TPA Toolbox Energy Book 5 - Gas ‘?@
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Natural Gas Production - IEA 2025 Scenarios (G.m?3)

Current Policies Stated Policies
2035 2050
World 3293 4222 4282 5044 5596 4770 4645
Conventional gas 2792 2912 2955 3350 3782 3162 3136
Tight gas 268 316 319 383 294 373 220
Shale gas 155 895 897 1201 1414 1130 1194
Coalbed methane 77 84 93 85 81 81 70
North America 815 1322 1324 1563 1588 1489 1301
Central and South America 163 158 159 183 223 171 177
Europe 341 240 247 216 166 198 150
European Union 148 39 37 41 32 36 29
Africa 210 252 240 272 389 259 281
Middle East 464 707 717 1092 1393 1012 1166
Eurasia 814 837 877 933 997 894 894
Asia Pacific 487 705 717 785 840 748 676
Southeast Asia 215 204 209 185 202 176 140

TPA Source: IEAWEO 2025 91 TPA Toolbox Energy Book 5 - Gas ‘?@
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Natural Gas Demand - IEA 2025 Scenarios (G.m?3)

Current Policies Stated Policies
2035 2050
World 3317 4138 4254 5044 5596 4770 4645
North America 838 1158 1179 1253 1192 1198 950
United States 678 925 942 1022 943 975 733
Central and South America 151 154 157 188 222 177 177
Brazil 29 30 32 38 51 33 31
Europe 697 504 507 477 426 411 304
European Union 446 328 329 296 244 256 166
Africa 107 174 172 214 323 199 260
Middle East 370 582 596 837 1077 773 870
Eurasia 578 633 660 693 713 690 684
Russia 467 503 526 529 507 529 490
Asia Pacific 575 931 982 1330 1565 1274 1345
China 110 397 428 632 724 584 606
India 64 68 75 137 209 139 187
Japan a5 90 91 97 a3 87 67
Southeast Asia 149 176 184 238 285 244 272
TPA Source: IEAWEO 2025 92 TPA Toolbox Energy Book 5 - Gas
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Gas — Perspectives by OPEC
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Natural Gas Demand by Regions by OPEC 2026

Matural gas demand by region, 2025-2050

OECD Americas
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OECD Asia—Pacific
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Other Eurasia
Other Europe
Non-0ECD

Source: OPEC WOO 2026 TPA Toolbox Energy Book 5 - Gas
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Natural Gas Demand by Regions by OPEC 2026

Natural gas demand by region, 2025-2050, mboe/d

100
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TPA Source: OPEC WOO 2026 95 TPA Toolbox Energy Book 5 - Gas ‘?@
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Gas — Perspectives by IGU
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Global Natural Gas Demand/Supply Scenarios by IGU 2025

Bcm
2015-2025F% 1.8% |
5,000 Historical | Scenarios |21]22-EDESF_:_ 1 P S Rystad Energy
| = " 2.2-degrees (2025
| qu |EA Stated
4,000 Policies (2024)
Rystad Energy
3.000 1.9-degrees (2024
. IEA Announced
~ [€d Pledges (2024)
2,000
Rystad Energy
1.6-degrees (2025
1,000 qu |EA Net Zero
Emissions (2024)
0
2010 2015 2020 2025 2030 2035 2040 2045 2050
Discovery Under development ~ mmmProducing  mmAbandoned  ===Historical 5+ Trendlines based on historical growth rates!

Source: International Gas Union (IGU) Global Gas Report 2024
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Notes:

1) This analysis considers two trendlines based on
historical growth rates: the 2022-2025F trendline and
the 2015-2025F

trendline. Each trendline uses a consistent annual
growth rate towards 2030, which is calculated as the
average of the

annual growth rates of the historical years
considered, respectively 1.4% and 1.8%.

2) The 2015-2025F trendline excludes Covid-19
impacted years 2020 and 2021 from the average
growth rate calculation to adjust for the unusually
low and high growth rates observed in the respective
years.

a) ‘Abandoned’ denotes all abandoned fields which
have stopped producing or where production was
suspended by owners.

b) ‘Producing’ includes all the assets thatare
currently producing. Also, refinery gains are
included.

¢) ‘Under development’ denotes assets for which
development has been approved by companies &
government, but production has not yet started.

d) ‘Discovery’includes assets where discoveries have
been made but are not yet in a phase of further

development (appraisal, field evaluation)
TPA Toolbox Energy Book 5 - Gas ‘9@
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A zoom on Liquefied Natural Gas (LNG)
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LNG Business

4

- g 3

Prelude FLNG. Courtesy Photographic Services, Shell International Limited
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LNG Properties: Boiling Temperature
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Along the LNG Value Chain

Liquefaction Shipping Regasification Trading & Marketing

The gas is
transported by LNG
carriers that can be

compared to “floating
thermos flasks” able
to keep the LNG cool
for the long journey
ahead

The liberalization of
gas markets over the
last 15 years has
brought greater
flexibility to
contractual relations

The liquid form of the
gas is obtained after
cooling to about
-160°C

In terminals, close to
areas of
consumption, the
liquid is allowed to
return to a
temperature over 0°C,
and becomes a gas
once more

Once the gas has
been liquefied,
it is stored at
atmospheric pressure
before loading

TPA Source: TotalEnergies 102 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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LNG: Advantages and Challenges

ADVANTAGES

Reserves located far away from the main
consumption areas are now being

developed and produced Lengthy studies: currently, it takes at
:  least ten years from the point when

An alternative to the costly development o4 ies begin to delivery of the first cargo
of pipelineS of LNG

Gas can be transported over long
distances at a reasonable cost

Know-how: many interdependent,
complementary skills are required to
manage all the risks associated with

Greater flexibility owing to the possibility
projects of this size

of redirecting cargo in transit

More and more deals are “hub indexed”,
which shows the dynamism of the
market

A market that was originally region-
focused is now open globally

Good returns with long plateau projects

TPA Source: TotalEnergies 103 TPA Toolbox Energy Book 5 - Gas {9@
b
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LNG Trade — History & Current Situation

International Gas Union (IGU)
44 Southampton Buildings
WC2A 1AP London

United Kingdom

Telephone: +44 203 889 0161
E-mail: info@igu.org

Published by the International Gas
Union (IGU) Copyright © 2026. The entire
content of this publication is protected
by copyright, full details of which are
available from the publisher. All rights
reserved. No part of this publication
may be reproduced, stored in retrieval
systems or transmitted in any form or
by any means - electronic, mechanical,
photocopying, recording or otherwise
— without the prior permission of the
copyright owner.

Cover page: Courtesy LNG Canada

Source: IGU - World LNG Report July 2026
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Reminder:History of evolution of Natural Gas international trade
1960 - 2006

750‘_4 ——————————————————————————————————
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Reminder - LNG Trade Volumes 1990 - 2018

MTPA MNo. of Countries
200 —— 45
BOOD 1L . Global Regasification Capacity L A0
700 - . Total Volumes of LNG Trade | 3t
0o Ma. of LNG Exporting Countries (right axis) 3
Mo. of LNG Importing Countries (right axis)

LOO - - 25
400 - 20
300 - 15
200 - - 10
100 - - &
0 - - 0
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Source: IHS Markit, [EA 16U

Source: International Gas Union (IGU) 2019
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Global LNG Trade 2025

Global LNG trade rose to a record 437.0 Mt

China retained its
place as the
largest importer

) . = . i with a total of
in 2025, an increase of 25.7 Mt. v B 69.8 Mt
of import
(-8.9 Mt vs. 2024)
ﬁ The US remained the Japan imported
largest exporter in B s enalla Ems
— 3025 with a total of I 67.4 Mt
— 110.7 Mt (-0.4 Mt vs. 2024)
of exports -
1 st (+22.3 Mt vs. 2024)
ool -
i
Qatar became the o es e i The largest global
second largest LNG trade flow
exporter, exporting - route continues
[ to be intra-Asia
81 -5 Mt B Pacific trade
: !nd ” 101.8 Mt
Gt -
" = i
= Australia exported Egypt imported
E 80 3 Mtp " =~ 6.9 Mt more than ‘
' 2 (=il e s Ephal el in 2024 '
' S 9.6 Mt
3r|:l Bhanee)
-
nlted States —
United States T . -
Russia remained !Europeag imports
the world's fourth = = increased to
largest exporter at PP EffEll 126.1 Mt
A el sl walisse
30.5 Mt - (+26.1 Mt vs. 2024)
1 th TEETE Kty
Al Shuikiye
Source: Rystad Energy The diagram only represents trade flows between the top 10 exporters and top 10 importers.
Source: IGU - World LNG Report July 2026 107 TPA Toolbox Energy Book 5 - Gas
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LNG Trade between Regions — 2025 (437 Mt) vs 2024 (411 Mt)

Tabls 3. 7: LNG trade between regions. 2025 ws 2024 (WY

=2
2
o5
T
L
i R o658 32z 19.2 6.7 F.a 23 165.0
Asia Pacific Impores 2025 101 8 32s 15.9 7.0 83 33 160.2
it 1006 A5.3 18.2 165 4.3 A8 101.1
Burcpe lmiparts
L P o1 o1 741 2> A 140 4.0 31 126.7
i et 41.8 A5 D 10.3 10.0 BS 1.0 117.6
Asia Impares
b FE.8 A B 5.1 s F.T oLF 107.8
e R ar o8 3= 120
Latin Smeerica Inmports
L o T o7 31 oDz 11.1
ot | .04 5.4 1.7 1.8 o2 1 .1
Widdle East Imparts 2025 6.5 1.4 15 0.03 0.4
i et o3 o3 0.3 20 o2 3.Z
Morth America lmpoerts
20Fs 1 1.3 0.2 1.4 3.1
b et 20 0.3 o e 3
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i et o o1
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i 1380 032 E8.9 JFH.O 33.5 129 5.0 411.2
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Lowercer Rystad Energy
Note thaet inferregional trade does not ocoowrt for re-axports.
TPA  Source: IGU - World LNG Report July 2026 108 TPA Toolbox Energy Book 5 - Gas
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LNG Trade between Regions 2025 - 437 Mt

: N _ \ ? % ‘
LNG Trade between o \
regions, 2025 (in MT)
, 4

—
— 10
-— 2% /
- 50
- =
Source: Rystad Energy
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LNG Exports
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Reminder: LNG Exports and Market Share by Countries
Evolution 1990 - 2018

Sharing Experience
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MNote: FSU = Former Soviet Union
Sources: |HS Markit, IGU
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LNG Exports and Market Share by Countries
Year 2025 = 437 Mt (+ 6,3% vs 2024) - US n°1

Sowrce: Rystod Energy

B United Spares 110.7, 25 30
Audralia, BO3, 18.4%

B Higeria, 14.8 3 4%

B Algeria, 9.7, 2.2%

B Papua Mew Guines, B5, 1.9%
Brune, 4.6, 1.0%
Pery, 38 095

Worway, 3.3, 0.7

Canada, 2.1, 055

MauritaniafSenegal, 1.2, 0.3%

B Ciatar, B1.E 18.7%
Russia, 305, 705
H Indarneds, 165, 3.5

W Oman, 119, 2.7%

W Trinidad and Tobago, 8.5, > 0%

W UAE 47 11%
Mozambique, 3.7, 0.8

B Equatarial Guirea, 3.0, 0.75%

B Cameraon, 1.5, 0.3%

B Mexica, 1.0, 0.3%

B Egypt, 05, D14

The US significantly widened its lead as the world's largest LMG exporter bn 2025, at a total of 110,74 Mz, equal to 25% of global LNG
output and wp 223 Mt from the previous year. The increase points to a major expansion in available export capacity and inmprowed
utilisation, with the US alone accounting for the wast majority of global growth in 2025, This also lifted North America’s share of global

LMNG trade materially and reshaped interregional flows, especially towards Europe.

TPA  Source: IGU - World LNG Report July 2026 112 TPA Toolbox Energy Book 5 - Gas
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Incremental LNG Exports by Countries 2025 vs 2024 (Mt)

TPA
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LNG Imports
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LNG Imports and Market Share by Countries

Year 2025 = 437 Mt — China n°1

TPA
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W China, 69.77, 15.97%

B South Korea, 4867, 11.74%
Chinese Taipei, 24 17, 5.53%

W Spain, 1692, 3. B7%

M [taky, 15008, 3. 45%

W Thailand, 10,93, 2.50%
Be=lgium, 9.2E8, 2.12%
Bangladesh, 7.87. 1.8B0%

B Cermany, 7.07, 1. 62%

W Fakistan, 6.45, 1.48%

H Indonesia, 5.52, 1_26%

B pAslaysia, 2.99 068%
Lithznia, 2.3, 0. S
Chile, 2.19, 0.50%

B Dominican Republic, 1.92, 0.44%

B Fhilippines, 1.85, 042%

W Finland, 1.00, 0 23%

M amaica, 0.7E, 0.18%

Canada, 0.69, 0.16%
LAE, D67, 0.15%
Wvietnam, 0.53, 0.12%
W Mzlta, 046, 0.1 0%
W Sensgal, 0.27, 00
W Cibraitar, 0.1 2, 003%

Sowrce: Rystad Energy

United States, 0.7, LO02%

Source: IGU - World LNG Report July 2026 115 TPA Toolbox Energy Book 5 - Gas

M japan, §7.37, 15.42%
M ndia, 2460, 5.63%

W Framce, 271 .64, 4. 9%%

W Metherlands, 16.26, 3.72%

W Torkiye, 12.43, 2. B4

W Empt, .56, 210

H United Kingdaom, 9.27, 2.12%

- -

HMunwait, 733, 1.68%

M Simgapore, 666, 1.52%

M Poland, .22, 1.42%

H FPortugal, 3.33, 0.76%

N Gresce, 2.62, 0060%
Srazil, 2.19, 0.50%
Colombiz, 2.02, 0.455%6
Puerto Rico, 192, 0 44%

N Croatia, 1.80, 0415

H jordan, 083, 0.19%

W Pamama, 072, 0.16%
Argentina, 0.68, OL16%
Bahrain, 0.61, 0.1.4%
£l Sahador, 048, 011%

H Mexico, 042, O.10%

W Sweden, 0.22, 005
Morway, 0011, 0.03%

MWhyammar, O.0u, 10007 %
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Incremental LNG Imports by Countries 2025 vs 2024 (Mt)

TPA
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LNG BUSINESS: MORE AND MORE PLAYERS & ACTIVITY

2005: 143 Mt
13 exporters
15 importers
59 flows

2025: 437 Mt
24 exporters
50 importers
6870 voyages

TPA

Sharing Experience

LNG Trade belween
regions, 2025 (in MT)
1

>
— )

- 0%

“'"-

-
Source: Rystad Energy
Qatar (11loj7S Mt) .
(81,5 Mt) ' Australia

20
25 5‘\700/1@
ya

(80,3 Mt)

Data from IGU 2026

R

v?\

China
Japan (69,8,6 Mt)

South Korea
(48,7 Mt)

(67,4 Mt)

2025
/m
117 P Ortey

>

In 2019, US replaced
Malaysia as n°3 LNG
exporter

In 2020, Australia
replaced Qatar as n°1
LNG exporter

In 2021, US increased
by 52% their exports
In 2021, China
replaced Japan as n°1
LNG importer

In 2022, US replaced
Qatar as n°2 LNG
exporter

In 2022, Japan
replaced China as n°1
LNG importer

In 2022, France
became the 4th LNG
importer

In 2023, US replaced
Australia as n°1 LNG
exporter

In 2023, China
replaced Japan as n°1
LNG importer. France
n°5 LNG importer

TPA Toolbox Energy Book 5 - Gas
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http://www.google.fr/imgres?imgurl=http://www.ipadd.fr/wp-content/uploads/2010/12/podium.png&imgrefurl=http://www.ipadd.fr/category/ipadd-fr-le-site/&usg=__2UJglrnNK6wUFOrvT_rcHVWY5rU=&h=320&w=388&sz=49&hl=fr&start=74&zoom=1&um=1&itbs=1&tbnid=AWdy7XiHwBXKGM:&tbnh=101&tbnw=123&prev=/search?q=DESSIN+podium&start=72&um=1&hl=fr&sa=N&biw=1345&bih=599&ndsp=18&tbm=isch&ei=vMTjTbriEdSo8AOfq8jfBg
http://www.google.fr/imgres?imgurl=http://www.ipadd.fr/wp-content/uploads/2010/12/podium.png&imgrefurl=http://www.ipadd.fr/category/ipadd-fr-le-site/&usg=__2UJglrnNK6wUFOrvT_rcHVWY5rU=&h=320&w=388&sz=49&hl=fr&start=74&zoom=1&um=1&itbs=1&tbnid=AWdy7XiHwBXKGM:&tbnh=101&tbnw=123&prev=/search?q=DESSIN+podium&start=72&um=1&hl=fr&sa=N&biw=1345&bih=599&ndsp=18&tbm=isch&ei=vMTjTbriEdSo8AOfq8jfBg

LNG Business — TotalEnergies position & strategy
See Book 2 — Chapter 7

TPA 118 TPA Toolbox Energy Book 5 - Gas {9@
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Reminder: Robust LNG fundamentals — TotalEnergies vision 2015

LNG supply-demand

Mtly ¢ Demand to double by 2030
LNG demand most of new supply not yet sanctioned
/' ¢ New projects require adequate LNG
— & prices
200 e = New LNG countries
Potential
projects = US export economics
Sanctioned ¢ Total well positioned
250 . = Projects already sanctioned with
favorable price formula

Decline Z‘;ﬁﬂ‘:{;’;’ = Low breakeven projects

» Integrated along the entire LNG chain
with strong trading position

2013 2030

High LNG prices required to encourage investment

* Break even at IRR 15% nominal
TPA Source: Total 2015 119 TPA Toolbox Energy Book 5 - Gas ‘9@
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LNG Facilities in the World

TPA 120 TPA Toolbox Energy Book 5 - Gas {9@
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Liquefaction Plants

A total of 30.1 Mtpa of liquefaction capacity was added in 2025,
pushing global capacity to 524.5 Mtpa' by year-end 2025. The
average global utilisation rate in 2025 was 83.9%, a slight decline -
from 86.5% in 2024, mainly due to extreme weather patterns,
maintenance and mechanical faults. As of the end of 2025, seven. |
projects have reached final investment decision (FID), bringingtotal ~
approved capacity of liquefaction projects to 234.3 Mtpa.

e e LS ey e AN

s o2 Wt il (-

Courtesy LNG Canada

TPA  Source: IGU - World LNG Report July 2026 TPA Toolbox Energy Book 5 - Gas ‘g@
Sharing Experience '




Liquefaction Plants — Total Capacity 2025 = 525 Mtpa

Sharing Experience

Global liquefaction capacity reached

524.5 Mtpa in 2025.

30.1 Mtpa

of liguefaction capacity
brought online

6.1%

United States

116.9 Mtpa

Market with the
highest liquefaction

R A

Australia

85 _1Mtpa i g |
s

Qatar _

1,105.4Mtpa

oflquef ction capacity
ently in p e-FID stage

384.4Mwa  170.4Mtpa

from the US from Russia
227.3tp2 45 5Mtpa
from Ca from Australia

CvMe

CoPdPMOIC
= O
ODES @ 234.3Vw
of liquefaction capacity under
O @ O c construction or approved for
development as of Dec 2025

across 6 LNG projects

&= 112 Mmrpa

| g - i
S s T Ej-l_jJr H—'%

.

Source: IGU - World LNG Report July 2026
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World LNG Liquefaction Capacity evolution by Regions 1990 — 2030
Important Growth expected (Impact of Ukraine/Russia war)
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Source: Rystod Energy

The liguefaction capacicy brought online globally in 2025 indudes dee addidon of Plaguemines LMNG T2- T3 (15.1 Mipa, assuming startup of the
eight Trains in the first fiowr blodcs im 2024 for simmplicicg) and Corpus Chirnsti Stage 2 (6.0 Mipa) in the United States (5], LNG Canada (7.0 Mtpa)
on the Morth American West Coast. TortwefAhmeyim FLMG phase 1 (2.5 Mopal in Africa while Arctic LNG 2 also added 6.6 Mopa of capacity.

TPA  Source: IGU - World LNG Report July 2026 123 TPA Toolbox Energy Book 5 - Gas
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World LNG Liquefaction Capacity evolution
1990 - 2030 (Existing + FID + Pre-FID)
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Source: Rystod Energy

TPA  Source: IGU - World LNG Report July 2026 124 TPA Toolbox Energy Book 5 - Gas ‘g@
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Global Liquefaction Capacity by Region & Status
End 2025 - High number of new potential Projects

700

&OD
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g 40
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200
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Linicn
W Existing mFID mPreFID

Source: Rystod Energy
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Global Liquefaction Capacity Utilisation in the World - 2025
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Existing operational & FID LNG plants in the world expected to
commission by 2030 at End 2025

Arzew G327

t'l NG
(Cassi Touil) (25 NS

’GuZ(s) Idi)(13) g

dsieu Pass LNG (4€)
Plaq'ﬂermncs LNG (49)
Klo Grandp Corpus Christi LNG (42)

=Golden Pass ING (55)
jo31 Arthur LNG (57) ?;'ﬁaot?s'. 1T;)rtue Akmeym
®

Atlantic
L LNG (9)

B8 unel > Rumn (44)
NUNG (10) gfg}ff( o LNG |1) fPetrenas FLNG 3 Tiga (59)

UNG (S) Donggi-Sencro LNG

EG LNG (15) (26,
O vianne .
Gahon""" NG {50) Rl(:\lr&atsi piing. FLNG (60)
e Coralsouth PNG LNG (24)
NET2) e :m)m FLNG (28) Y “-
FLNG (63) Lsg 9,; pid 2”1‘ '431% g‘ﬁf""""d
 EDN urtis %
Wheatstone 88, o, 27) NG (28)\
LNG (33

Australia
Pacific
LNG (30)

Note:
Numbers in parentheses behind project names refer to Appendix 1: Table of Global Liquefaction Plants and Appendix 2: Table of Global Liquefaction Plants Approved or Under Construction
Source: Rystad Energy
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Qatargas Liquefaction Plant

TPA
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The Yamal Project — Russia

Project Joint-Venture structure has been reshaped following Russia-Ukraine war

TPA

Sharing Experience

Usine GNL de Yamal (Russie)

129
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Floating LNG (FLNG)

TPA 130 TPA Toolbox Energy Book 5 - Gas {9@
b
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Global operational FLNG Projects Capacity End 2025
(16,6 Mtpa operational at End 2025)

mAustralia, 3.6, 21.7%

mMozambigue, 3.4, 20.5%

mbalaysia, 2.7, 16.3%

Mauritania/senegal, 2.5, 15.1%

Cameroon, 2.4, 14.5%

mhMexico, 1.4, 4%

mCongo, 0.6, 3.6%

Source: Rystad Energy

TPA  Source: IGU - World LNG Report July 2026 131 TPA Toolbox Energy Book 5 - Gas ‘g@
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SHELL Prelude FLNG (Floating LNG) - Australia

Shell’s Floating Liquefied Natural Gas (FLNG) Project

" Prelude FLNG
250km offshoPeowse Basin

WD 250m | S
- Indian
Ocean

Helicopter

" Control room and
pad ;

AUSTRALIA

¢ 3TCF +120 m bbl condensate reservoir

¢ First FLNG under construction (FID May 2011, on site 2016-17)

¢ Size 488mx75m - 600,000 tons of steel
¢ Production : 3,6 Mtpa of LNG+1,6 Mtpa of Condensate+0,6 Mtpa of LPG

132 TPA Toolbox Energy Book 5 - Gas
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Floating LNG — Shell Prelude project

ent P *

TPA 133 TPA Toolbox Energy Book 5 - Gas {9@
b
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The Coral-Sul FLNG to operate at the Coral South project
Offshore Mozambique

134 TPA Toolbox Energy Book 5 - Gas



LNG Receiving Terminals

62.9 Mtpa of receiving capacity
was added in 2025.

new floating terminals:
5 Egypt (2), Jordan (1), 8
Italy (1), Senegal (1)
new terminals expansion projects at -'g e ‘ ' ‘*’ new markets are building
in 2025 existing terminals - their first LNG import terminals
China commissioned 4 new onshore terminals and 1 2 229.3 Mtpa
expanded 1 existing LNG regasification plant floating and offshore projects of new regasification capacity
had reached FID under construction

/J—?ﬁﬁ-—l—l—l—l—l—b

TPA  Source: IGU - World LNG Report July 2026 135 TPA Toolbox Energy Book 5 - Gas ‘g@
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LNG Receiving Terminals

As of the end of 2025, global regasification capacity stood at 1,113.5 Mtpa across 50
markets. During the year, 62.9 Mtpa of new capacity was added, driven by the start-
up of eight new onshore import terminals, five new floating terminals, and seven
expansion projects at existing facilities. Among the largest projects commissioned in
2025 were three floating-based projects, including Ain Sokhna (Sonkar) FSRU (Energos
Power) and Ain Sokhna (Sumed) FSRU (Energos Eskimo) in Egypt, and Agaba FSRU
(Energos Force) in Jordan, each with a regasification capacity of 5.7 Mtpa.

TPA  Source: IGU - World LNG Report July 2026 TPA Toolbox Energy Book 5 - Gas
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Lithuania’s KN, first LNG import facility in Klaipeda

137 TPA Toolbox Energy Book 5 - Gas
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Global Regasification Nominal Capacity and Utilisation Rate
in the World as of End 2025 - 1115 Mtpa

Source: Rystod Energy

Source: IGU - World LNG Report July 2026

m Japan, 219.0, 31%
m South Korea, 143.5, 34%
B Spain, 49.8, 34%

m United Kingdorm, 36.4, 25%

Torkiye, 33.4, 37%
m [taly, 21.6, 709

m Chinese Taipei, 19.5, 124%

m Thailand, 19.0, SE%
Mexico, 17.5, 2%

m Belgium, 113, 82%

m Singapore, 11.0, 61%

m UAE, 9.8, 7%
Philippines, 8.0, 23%
Canada, 7.5, 9%

m Poland, 6.1, 102%

m Portugal, 5.8, 57%
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m China, 175.0, 405

India, 52.5, 47%
Brazil, 36.7, 6%

United States, 33,8, 0%
France, 24.7, BE%
Egypt, 20.7, 46%

a Germany, 19.3, 37%

Metherlands, 17.6, 93%
Indonesia, 12.0, 46%
Kuresait, 11.3, 85%
Fakistan, 10,0, B5%

B Grescs, 00, F0%

Banmgladesh, 7.6, 104%
Malaysia, 7.3, 41%
Bahrain, 6.0, 10%

m Smaller Markeis, 50.E 6%
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Evolution of Global Regasification Capacity in the
World 2000 - 2030
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Global Regasification Capacity by status & Regions - End 2025
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Reminder: Europe LNG Receiving Terminals
Situation & Vision 2016

) Existing (Bcmly)
O Under construction
@ Projects (probable)

Bilbao

| n’
Sines ™=

TP A 141 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Existing LNG Receiving Terminals — End 2020

Note: Terminal Numbers Correspond to Appendix 5: Table of Global LNG Receiving Terminals.
Source: Rystod Energy

TP A Source: IGU 2021 World LNG Report/Rystad 142 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Existing LNG Receiving Terminals — End 2020
Zoom on Europe

-'l:‘
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133

48

-

“A

20

TP A Source: IGU 2021 World LNG Report/Rystad 143 TPA Toolbox Energy Book 5 - Gas ‘9@
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Regasification Terminal Montoir-de-Bretagne - France

TPA Toolbox Energy Book 5 - Gas
TPA A
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Regasification Terminal - Fos sur Mer - France

TPA 145 TPA Toolbox Energy Book 5 - Gas ‘9@
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Existing LNG Receiving Terminals — End 2020
A Zoom on Asia

TPA Source: IGU 2021 World LNG Report/Rystad 146 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Floating Storage Regasification Units (FSRU)
A new Tool for Diversification of Supply

Figure 26: FSRU illustration

o T

FSRUs are ships used for LNG storage and regasification
directly, with the regasification equipment installed on the
vessel. Compared to conventional onshore regasification
terminals, FSRUs offer more fFlexibility, with the option to
be deployed anywhere along the shore. FSRUs are deployed
off the coast of the markets they serve, instead of on land,
making it the preferred option for land-scarce regions and
areas with poor accessibility. Capital expenditure and
construction time For FSRUs are almost half of that of an
onshore terminal, however, operating costs are usually
higher.

Source: IGU Gas Report 2022 147 TPA Toolbox Energy Book 5 - Gas



Floating Regas Terminals

Fonctionnement d'un FSRU

1 ... @ Etapes du processus
par ordre chronologique

@ SPHERE
DE STOCKAGE GNL

déchargement du gaz
haute pression
(de I'autre cété de I'unité)

l . A A 4D TLam ) [T

e rrerrr e 0000

© TUYAUX FLEXIBLES

CRYOGENIQUES
chargement du GNL
depuis un méthanier
(d’un coté de I'unité)

o0

© POMPES D’EAU DE MER
pompage d’eau de mer
vers les trains de regazéification
pour rechauffer le GNL
et le ramener a un état gazeux

© MANIFOLD* D’EXPORT

O TRAINS DE REGAZEIFICATION
transformation du GNL
a -160°C en gaz
haute pression

‘Ensemble de conduits et vannes destinés a acheminer le

TPA
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Floating Regas Capacity 2005 - 2030
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The Exmar FRSU $S188 recently arrived at the Port of Rotterdam — June 2022
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Floating Regasification Terminals in Brazil

TPA 151 TPA Toolbox Energy Book 5 - Gas ‘9@
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New FSRU in Europe

EUROPE: 27 existing LNG Terminals (Onshore & FSRU)

GERMANY:

No existing LNG Terminals, 5 FSRU units scheduled:

- First one started operations in Willemsen in Dec. 2022

- Second one under commissioning in Lubmin, production in Feb. 2023

FRANCE: 4 onshore LNG Terminals

- Fos Cavaou

- Fos Tonkin

- Montoir de Bretagne

- Dunkerque

and 1 FSRU « Cape Ann » to be installed in Le Havre in Summer 2023

Other ones to come in Europe

TPA Source: IGU 2022 / Rystad 152 TPA Toolbox Energy Book 5 - Gas {9@
b
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LUBMIN FSRU in Germany: Provided by TotalEnergies
(shuttle LNG tanker between outside FSU and FSRU inside the port)

The 10,000-cbm Coral Furcats (built 2011) makes its first call on the FSRU with & transshipped cargo in Lubmin. Photo: Frank Borrmann

Germany’s Lubmin FSRU fires up with small-scale LNG deliveries
Regasification vessel Neptune readies to receive first test cargo with second shuttle shipment set to load outside port

30 December 202223:48 GMT  UPDATED 2 Jsnuary 2023 7:41 GMT

TP A Source: IGU 2022 / Rystad 153 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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LNG Shipping

The global LNG fleet grew 804 / 79 Including /
by 8.4% year-on-year | / 49 1 1
in 2025. active new /

vessels / vessels' FSRUs FSUs

6,870 b | st
2.8%:

-year o Global LNG
vessel orderbook®:

SIoes i .
Stz vessels
R s TS T L
« s
. eee o
o e (L X]
XX ] [ X X ] I | e 1

! During 2025
2 Under construction vessels

TPA  Source: IGU - World LNG Report July 2026 154 TPA Toolbox Energy Book 5 - Gas ‘g@
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LNG Shipping

In 2025, the global LNG vessel fleet grew to 804 active vessels?, including 49
operational FSRUs and 11 FSUs, following the delivery of 79 vessels throughout
the year. This represents an 8.4% increase in the operational fleet from 2024.
However, the number of LNG voyages decreased by 2.8%. Thisrapid expansion of
active LNG carriers relative to trade growth kept the market 6versupplied. Newer
vessels represent a step-increase in efficiency, emissions perfermance and project
economics over the older fleet that will be retired in coming years due to commercial
and regulatory pressures. - :
£ 5%,

.
£
"ok

Courtesy SK Shipping

TPA  Source: IGU - World LNG Report July 2026 TPA Toolbox Energy Book 5 - Gas {9@
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LNG Fleet and average capacity
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Major LNG Shipping Routes 2025

P Liquefaction terminals
(operaticnal)

Regasification terminals

(operational) (4 -
Main LNG trade routes _' 3
3
Source: Rystad Energy g
1 og
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TotalEnergies LNG Projects — Some examples
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Liquefaction Plant: Bontang, Indonesia
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The Yemen LNG Complex

(Under Force Majeure since several years)

v f\“-):'&”‘_é-i

The Yemen LNG liquefaction complex in which Total is the main shareholder. Construction of the site mobilized 10,000 people.
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Gladstone LNG Project
From CBM to LNG

TPA 161 TPA Toolbox Energy Book 5 - Gas {9@
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Gladstone LNG: From CBM to LNG (1)

CBM - fundamentals

- Non conventional trapping of the gas: adsorbtion

— The gas is fixed on organic matter (by water
pressure) in a semi liquid state (= storage capacity
significantly higher than in porous matrix)

* Principles controlling production from reservoir: desorbtion

— In order to produce natural gas, the pressure on the
coal needs to be released. This usually occurs by
removing water that may be present in coal seam

— With the reduction of the pressure on formation,
CH4 desorbs from the coal and travel through the
microporous matrix

— Cleats provide pathways for water and then
methane to travel to the wellbore

Face cleat

Butt cleat

T DITUS I ON =

N

W Diffusion _.»

— N

ToTAau
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Gladstone LNG: From CBM to LNG (2)

CB£M production + LNG develop. specificities

Coal Seam Gas

Foos cloais

EH..ur._
[eEe—

Flaieau
Darwsalaring  (proo sction Dl

\ A A A

-
= [T
- | 2
L= ]

WV e

-
Tirme

Prossesrs reduned by warier prockscion, gas

Couaail by

Comventional Gas Aguifer

- CBM development specificities

e g o et T 2 -:—'—-'—'-; — Huge development area requiring excellent
| relationship with the local people

. —  Number of wells and continuous drilling during
o producing life

Sarud gram ooy .
— Gas peak production reached several years after

wells start-up

Psthiaane: — Large volumes of produced water, requiring
-~ desalting prior disposal

T2 T —  Very low production pressure (from 0.5 to 4 bar)

= —  Difficult production performance prediction

Tem=

Pressprs drives. ool g, wwaber imflus reony ol

well - CBM production + LNG specificities

“
| cam | conventionalGas [l

Compaosition C1 + associated CO; and
My

Drrilling Large number of wells

Extracriom Artificial lift required to

remove water and enable
Egas desorption

Fracturing used in some
cases to increase flow rate

Processing Fimimal treatment

and trestment required to remove water,
CO;, M; and others
Low production pressure

TPA
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C1, C2, heavier components * Meed to anticipate well production
or associated to oil (dewatering) to have sufficient production
capacity at start up

Smaller number of wells
* Meed to define use of gas during and after

Matural depletion dewatering (no flaring)
Fracturing and/or artificial lift *  Progressive ramp up not possible => interest
Ur SR R ERs ot for underground gas storage

—  Gas supply chain (from WH to LNG = LNG  *
supply with low productivity wells)

Process required o separate

gas and condensates or LPG —  Low Gross Calorific Value (35 MJ/Nm?3)
Process depending on gas

compositicn

ToTAL
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Gladstone LNG: From CBM to LNG (3)

GLMNG is an integrated development to valorize CBEM gas

Production from 4 fields {Fairview, Roma, Arcadia & Scotia)
with continuowus drilling during life of project (30 years)

Pipeline 420 km long — 42 inches from fields to Gladstone

GMNL plant with 2 trains (2 x 3.6 mtpa) based on Cascade
optimized process. 1st cargo planned in 2015.

Enwvironmental approwval granted from Queensland and
federal governments {(Q4-2010)

3 main EPC contracts: upstream surface facilities (Fluor), gas
transportation pipeline (Saipem) and LNG plant (Bechtel)

Partnership: Santos (operator) 30 %% - Total 27.5 % - Petronas
27.5% - Kogas 15 %%

164

GLNG development main characteristics
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Gladstone LNG: From CBM to LNG (4)

Wells

Initial activation by PCP

. Drilling from well pads

—  Vertical or deviated
wells

— Depth: 800-1200 m
TVD
— Duration: 4 to 12 days

- 0.8 MS < well cost < 1.5 MS
. Average EUR = 1.4 bcef

- 200 to 300 wells per year —
S rigs in operation

Cavitation, w/ slotted liner Cased hole w/ hvdraoulic froc
Drilling concepts

Vertical or deviated wells
Drilling fluid : mud or air

ToTAau
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Gladstone LNG: From CBM to LNG (5)

Gas Transportation Pipeline definition

LEﬂg'l’h A20 km » Bodenangien 0 s
Errersid =
Carsis Bland
Cri t a2 =
iameter {_,..' e

wWall thickness 14,1 to 19,7 mm R
Coating 2 layers FBE coating + Rt . s

2 poxy

» Bundabsng
Design capacity 700 to 2100 mscfd Avach aleg sy
Dperating pressure 100 bar o F’m'm:;::?‘ « Eyndah
Design life A0 years e
» ‘Wandaar
Pipe depth 0,75 m=x<2 m __ -
e
Minhol 1 siisa
Others Launcher & receiver § *F2el Ll | :"‘f:-l""’-‘"‘"'?
= s e o Sambers byjerecis

'ITEIPS - — — P i pipelle:

1x 5.5 km marine

crossing Pi li .

100 landholders 'peline routs

ToTAaLu
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Gladstone LNG: From CBM to LNG (6)

Plant localisation

. Gladstone : 5th worldwide harbor
for coal export

70Mt in 2010 of which 60 Mt of

coal
— 20% of Australian export
- LNG plant location: Curtis Island

TPA

Sharing Experience

Overall size: circa 190 ha
Criteria’s selection:

Shipping access b
Geotechnical suitability

Environmental suitability
Proximity to infrastructure Liquefaction process

Capacity

Loading facilities

LNG Plant

Pipeline / plant interface
pressure

Site ambient
temperature

Pre-process
Design life

LNG storage capacity

167

CoP optimized Cascade
system

2 x 3.91 Mtpa design
2 x 3.60 Mtpa FOB

Material offloading facility
Product loading facility: 324
m marine jetty

65 bar

27°C

Limited
20 years
2 x 140 000 m?3

ToTrTAau
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Australia is becoming an important player
LNG Projects in Australia

West Australian LNG

G

Source: Petraleurn Economist’s Workd ING Factbook 2016 edition

INDONESIA ¥, 85 - e & EASTTIMOR
L C DI Sunrise LNG 0
* Darwin LNG -
Darwin LNG T2 « " Cashmaple LNG ©
g
o lchthys (Darwin) — % .: — e T By
* Pluto LNG & ,'_.'.--
'l L]
J NWS Australia LNG '-
* NWS Australia LNG 4  Prelude FLNG Daky Watars —‘;‘W
e ——— ) o
e NWS Australia LNG 5 ,,,\ \] .
£ Browse FLNG © |

PilbaraFLNG ©

Carnarvor's
o N {

'\} Wheatstone LNG't T
\

Infrastructure

¥ Gasheld(s)
wene Mai

[unvder construction ar planred) Impo

Other country
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Country classihcation
Exporter country

ity
untry

Source: Petroleum Economist 2016

AUSTRALIA

Both importer ana exporter country

East Australian LNG

Source; Petroleum Econormist’s World LNG Facthook 2016 edition

N Kirod Tormie X p“gs'ﬁ‘, NEW SCLOMON ISLANDS
"|PORT MORESBY HONIARA'
o PNG LNG 'Y
g Jisipa . il
i ‘T 1 Bay
£t Todd
1
* - .
\9&,&: ., S Queensland Curtis LNG T1/T2 ‘Y
[
’ ' Tertieéestle Australian Pacific LNG *
.
1 Abtel Poer
N AUSTRALIA S Gladstone LNG Y
N X
f -’,:M‘ﬂk'* "-._)WM_‘A.Fisherman's Landing LNG
{ Al Sprngs i Harcanine, Recknamgton
» " e R '
Marnngo \ E
\ // \ -
"\ f 'f‘\h e
Symbology
% Existing export plan Specuiative expart plent
Under cor il * Floating LNG vessel

Plannad or proposed @x
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MARSA LNG - Oman
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~~©

Dubai FV L
"E" [¢10:] c%
u u :’ "\: : @
Abu Dhabi g,
e sk |45 SOHAR GAS Plant& Bunkerina
o @ v:,';t X gggg; Operator =
' rtner)
United Arab ! & 'pa M,,zm OMAN
Emirates il =y ‘Sj:;: ot
s © L SOHAR area
!“ o @
~ S e FAHUD Gas Plant * .
\ (06C Operet) 1 Train of 1IMTPA
\ Pox il
\ 77 a0 Bani . - u
(2 train in option)
Greater BARIK (Block 6)
(SHELL Opérator S RAWL Gas Pl 1 LNG tank -165000m3
Total partner (PDO Operator)

OOCEP partner)

Oman

1 jetty for LNGC and

bunkering vessels

Elec driven compressors

Associated Solar Plant
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TotalEnergies é@
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KO

FID 04/2024

CAPEX
~1.6 G$

TTE share

80% Execution Ongoing

RFSU Q1/2028

Green cerfificates

300MHp™ b
300MWp ~30 km sciny || —"
L |
3 party
Saudiarabia ~ Blo¢ 11 33.2% (excess)
Bloc 12 < ‘&," m&lrsa
T (‘/} First LNG Plant operated by Total Energies
vemen | SEr Best-in-class Total Energies’ LNG asset for GHG Footprint
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RIO GRANDE LNG - USA
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~ ZPermian

&
[}

| RIOGRANDELNG | =&

HOUSTON*

N \ ‘2 b & v NIO* :
llllll RN ~ y — ¢ .
S 2] Freeport LNG |
L " ‘\‘. N G ous |

3
S 0
/ USGC Pipeine | LNG @
Market Access
%94
h A CORPUS CHRISTI®
i vu = 1l
v USA
.
)
H
S
.

TotalEnergies

N
To be u@ated

Corpus Christi RGLNG FID. 07/2023 .
I Brownsville , TEXAS CAPEX Execution Ongoing
18,4 B$ RFSU 25/11/2025
° TTE share COD

J Rio Grande ; RGLNG 16,7% (Commercial Operating Date)

3 liquefaction Trains T1: dec 2027

Total capacity 17,5 MTPA T2: July 2028
2 LNG Tanks Intensity T3: Feb 2029
- P o £ s 2 jetties 26 kgCO2e/boe (scope 1
Figure 5: Early development of the Bechtel / ND Pioneer Office Complex (luly 2023) + SCcO pe 2 )

TTE Offtakes
5.4 Mtpa SPA

Major LNG development in USA context
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The Yamal Project — Russia

Project Joint-Venture structure has been reshaped following Russia-Ukraine war

TPA
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Usine GNL de Yamal (Russie)
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O

Three independant world markets
for Natural Gas

TPA 174 TPA Toolbox Energy Book 5 - Gas {9@
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General considerations

Resources, reserves

Conventional and Unconventional Gaseous Hydrocarbons
Production, consumption: past and present

Production, consumption: perspectives

A zoom on Liquefied Natural Gas (LNG)

Three independant world markets

The gas chain components and their economics: Production & Processing
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The gas chain components and their economics: Transportation
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o

. The gas chain components and their economics: Storage
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. Technology and innovation
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. Competing fuels and Gas prices
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. Evolution of national gas markets towards liberalization & globalization
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. Example of challenging gas projects: Shtokman & Yamal
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Regional natural Gas markets

Sharing Experience

¢ Natural gas is condemned to rigid, expensive infrastructures, which limit trade

over very long distances

¢ No world gas market but various national and regional gas markets

¢ Three Main Regional Gas Markets with Marginal Links

NORTH AMERICA
NITED STATES

t

Impact of Shale Gas
US: Now Gas exporter

Canada

EUROPE
STERN EUROPE

T

Norway
Russia
Algeria/Qatar

With this world market structure,

EAST ASIA
N / SOUTH KOREA

donesia/Malaysia
Australia
Middle East

Gas is in Competition with Regional Energy References.
No Mutual Price Adjustment and thus No International Gas Price Marker
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Reminder - Gas — Major Trade Movements Year 2021

Major trade movements 2021
Trade flows worldwide (killion cubic metres)

l.ﬁ' %
- -

45.8

51.3J 46.7
43.6] 15.6

32.7

16.8

o us
Canada
Mexico
B 5. & Cent. America
M Europe
| CIS
B Middle East
M Africa
Asia Pacific — NG

—) Fipeline gas

TPA Source: BP Statistical Review 2022
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The European Market
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Natural gas supply gap in Europe
Evolution 1970 - 2006

Sharing Experience
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Gas market evolution in Europe 2007-2025

O Natural Gas consumption in Europe declined from # 600 G.m3 some years ago to # 480 G.m3 in
2025 as a consequence of the World economical environment evolution and the russian attack on
Ukraine.

O Emergence of renewable energies (intermittent) ‘lew gas power plants built as « back-up »
by energy companies.

0 Combination of renewable energies new capacities and shale gas development in the US ‘
Additional export of coal in Europe mEm)Over-capacity of gas power plants in Europe.

0 But due to GHG emissions constraints, Natural Gas is going to progressively replace coal on the
medium-long term.

O LNG is taking a more important share (Technology improvement, Flexibility,....)
O Covid 19 had a negative impact on World Gas Consumption in 2020.

O The Russia — Ukraine war has considerable consequences on Europe Supply/Demand balance,
with russian blockages of North Stream 1 & 2 Gas Flows. Increase of US LNG imports to Europe.

TPA 180 TPA Toolbox Energy Book 5 - Gas F@
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Gas Trade & Flows has been dramatically upset in 2022 and
2023 due to the Russia — Ukraine war and its market and
economic consequences, in particular in Europe
See also Book 2 - Energy
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Gas Pipelines from Russia to Europe
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Note: End 2014, Russia decided to abandon the South Stream project (Gazprom 50%, ENI 20%, EDF

15%, Wintershall 15%, 63 Gm3/year, 16 G€)
North Stream 2: new project to double capacity. Partners: Gazprom, Engie, Shell, OMV, BASF, Eon
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Gas Pipelines from Russia to Europe
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Europe Gas Supply & Demand in 2025 (G.m3)
Russian pipe exports to Europe: 152 G.m3 in 2021 down to 36 G.m3 in 2025 (4 G.m3 to UE)

Import Pipe
# 96

LNG
(Contracted)
# 176 (-re-exports)

Production
(inc. Norway 119)
# 204

A LNG
Pipelines
in Gm3

Nigeria 9
Angola 4

Other Africa 4
(LNG)

usS 100
Trinidad 3
Peru 2

Other Americas 1
LNG

Source: Data from El Stat. Review 2026
All countries in Europe including Turkey. EU: European Union 184
TPA Arrows not at scale
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Norway‘4
Other Europe 1
LNG

Of which Norway
Pipe 115+ 4 (LNG)

é -

Russia 36

Azerbaijan 23
Turkmenistan ¢

Other Asia/Pacific 1

/ Iran 7h LNO

5 Qatar 13
Egypt ij P Oman ¢
LNG 1 LNG
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Europe Gas Supply & Demand in 2024 (G.m3)
Russian pipe exports to Europe: 152 G.m3 in 2021 down to 51 G.m3 in 2024 (27 G.m3 to EU)

Import Pipe
#113 Ry
Norway 6
Other Europe 1
(LNG) _
LNG Of which Norwa
(Contracted) Pipe 119 + 7 (LNG)

# 157 (-re-xports) ’

Production
(inc. Norway 113)
# 200

Russia 51

“

Azerbaijan 24

A LNG
Pipelines
in Gm3

Nigeria 6
Angola 1

Other Africa 1
(LNG)

US 61
Trinidad 3

Peru 2 e / Iran 7|

(LNG) Algeria 29 " ’
. 5 Qatar 15
'—I'_?lléa 1 Egypt Oman 0
Source: Data from EIl Stat. Review 2025 £ LNG 1 (LNG)

LNG 16
TPA All countries in Europe including Turkey. EU: European Union 185 TPA Toolbox Energy Book 5 - Gas ‘9@
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Europe Gas Supply & Demand in 2022 (G.m3)
Russian exports: 152 G.m3 down to 85 G.m3 in 2022 vs 2021

Import Pipe

151 o Y/
Export US Norway 4
€ Other Europe 2
LNG Of which Norwa (LRS) §
(Contracted) Pipe 117 + 4 (LNG)

170 (-re-xports) ’

Production
(inc. Norway 123)
220

Russia 85

N
%
I

§

Azerbaijan 22

A LNG
Pipelines
in Gm3

4

Nigeria 12
Angola 3

Other Africa 2
(LNG)

UusS 72
Trinidad 4

Peru 2 e / Iran 9|

(LNG) Algeria 32 o ‘
. 5 Qatar 28
Libya 3 Egypt Oman 1
LNG ¢ LNG 7 (LNG)

LNG 13
TP A Source: Data from El Stat. Review 2023 186 TPA Toolbox Energy Book 5 - Gas ‘9@
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Europe Gas Supply & Demand in 2021 (G.m3)

Import Pipe (Contracted)

104 (-re-xports) Production

(inc. Norway)
210

233 (-re-xports) Ny
Export US  Norway 0 2021
\ c (LNG)
Demand ‘ . g/ 7 .
LNG Of which N .
(Contracted) # 550" ﬁ\\\ Pip‘g 1I‘f 4+ 3 ?Il_v; ) &
y

Russia 152

A LNG
Pipelines
in Gm3
Nigeria 13
Angola 1
Other Africa 1
(LNG)
usS 31
Trinidad 2
Peru 1 /@L
(LNG)
g 5 Qatar 23
« IGU: 550 G.m3 LNG 15 Libya 3 Egypt Oman/Yemen/UAE ¢
« BP: 570 G.m3 Gap # 20 G.m3? LNG € LNG 3 (LNG)

Source: Data from BP Stat. Review 2022
TPA Toolbox E Book 5-G
TPA All countries in Europe including Turkey 187 oofbox Energy Boo as ‘?@
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Share of EU Gas Demand met by Russian Supply 2001 - 2022
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2014 - Russia's aanexatiou(bf Crimea
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Russian Pipeline Exports to Europe 2011 - 2023

Russian monthly pipeline exports to Europe (with Baltic states) 2021-Q1 2023, bcm

20 In Q1 2021 supplies
amounted to 43.6 bcm
In Q1 2022 supplies _
amounted to 32.6 bcm Baltic States ‘
. 15.2
15.2 15. 214 149
m Finland
13 2 = 13.213'713_1 12.9
—_ 12.4
11'511 o Turkstream
10 1 2 (Bulgaria entry)
i ® To Tarkiye E
= In Q1 2023 supplies
amounted to 10.5 bcm
6.3 ® Via Belarus
. (Yamal-Europe, Wys
g 2 ® Ukrainian corridor
3.2 (without Moldova)
® Nord Stream 1
- - - — -
‘; S933848
3 % 3 5 3 3 § g E

Sources: EPDK, ENTSOG, Eurostat data for Turkey imports of Russian gas in March 2023
Supply volumes via Ukraine are net of flows to Moldova (calculations based on ENTSOG interconnection points)

TPA 189 TPA Toolbox Energy Book 5 - Gas ‘9@
b

Sharing Experience



EU Gas Supply Evolution 2021 - 2025

La Norvege et les Etats-Unis ont remplaceé la Russie
dans Fappr ish nement en gaz de NUE...

En miilrards de metres cubes (gazoducs et GNLD

Autres

Algerie

Norvege ——

Etats-LiInis

Russie

2027 2023 2025
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since the Russia-Ukraine conflict

European LNG Import Terminals announced

FIMLAMD
SWEDEMN
MO RWANY
Paldiski LNG RUSEIA
@]
ESTORMLA
Incukalns LNG
(@)
LAaTwa
UNITED
KIMGDAM DE MRMARE LITHILLARNLA,
Gme55|de FSRU E:.gusbuettel BELARUS
IRELAND Eemshaven FSRU [
Gate LNG expansion 2 Wilhelmshaven o
FSRU FOLAMD
NEEI;I'II-'GEIE:*NDS GERMANY UKRAINE
Le Havre FSRU
0 CZECH
LUEMBOURG REFUBLIC SLOWAKILA, RO DO A,
AUSTRIA HUNGARY
FRAMCE SWITZERLAMND SLOWEMLA ROMARNLA
ITALY Slovenia LNG
Krk FSRU expansion
FSRU O T P
BOSHIAAND -~ SERBIA BULGARLS
HERZEGOWIMA e =Ta T
FSRU [[Lley TETJEI?:‘-IF?SOHUH e
- MORTH INGS FSRU
1
MACEDOMIA @ TURKEY
SPAIM ALBAMNLA
Arge FSRU
GREECE
CYPRUS
a 200 200 km
A TUMISLA
oo ALGERIA = L

* The locations of the two Italian FSRUs are indicative, as the actual
locations are still being discussed

Source: IGU Gas Report 2022
Nota: FSRU: Floating Storage Regaseification Unit
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Gas Supply and Demand European Union
IEA 2025 - STEPS Scenario

(G.m3)
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H Imports
Bl EU Production

2010 2018 2019 2020 2021 2022 2023 2024 2035 2050

Note: EU = 27 countries, without Norway. Data from IEA WEO 2025
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Europe LNG Import Volumes

Million tonnes
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Snovhit LNG Terminal

The Arctic Lady, the first LNG tanker under a long-termn charter by Total (© EHiiv Leren, Statoi).
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EU Energy Supply challenge for the future

How to replace # 150 G.m? of russian Gas (situation
2022) for the supply of EU?

» By reducing Gas Consumption

» By increasing the access to new LNG supply
(Current World Production today : 580 G.m?3)

» By increasing Gas storage capacities

TPA 195 TPA Toolbox Energy Book 5 - Gas F@
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Where will future Gas come from?
Some scenarios in relation with the Russia-Ukraine conflict

TPA 196 TPA Toolbox Energy Book 5 - Gas {9@
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EU: Drivers for reduced Natural Gas dependancy from Russia

TPA

Sharing Experience

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Other

Building efficiency

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Pipeline imports
LNG - Middle East

ooooooooooooooooooooooooooooooooooooooooooooooo

LNG - North America
Hydrogen

Bioenergy

2021 Demand Supply 2027

IEA. CC BY 4.0.

A mix of supply- and demand-side measures are required

for the European Union to reduce reliance on Russian gas to zero before 2030
Source: IEA WEO 2022 197 TPA Toolbox Energy Book 5 - Gas



Share of EU’s Gas Imports by source
A drastic decrease of Russian Gas Imports from mid 2021 & 2022

EU imports of natural gas*
(share of trade in value)
= 2021 == Third quarter 2022

I 393
Russia
N 15

I, 24.2
Norway
e 0.8

vs I 7.1
—— [

o T 5
—— ___[¥

I 2: 2
Oth
O N 26.7
Q ) O R D A D 5 © ©
%
TPA Source: Eurostat & European Commission 198
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Evolution of EU’s Gas Imports by source
A drastic decrease of pipe Gas Imports from 2021 to 2025

600.0 . . .
EU pipeline gas imports fell 9% in 2025
EU gas imports*
500.0 o
BGas pipeline  [LNG
400
£ 3438 M3
% Partialsyesn data
g 299.4 2878 DYRED
33000
S
£
2000
781
+81%
_..
mﬂ I I I I I I
W , g I , Source: EU Joint Research Centre's security of gas supply dashboard, |EEFA's & .
Petrleum ol Liquefied ekl g Netura g5 gasects state European LNG Tracker, Kpler. « Import data could include volumes sentto & i Fnanca o
2021 2022 w2023 W2024 w2025 neighbouring non-EU countries. h

Institute for Energy Economics
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REPower EU - A plan to reduce russian gas dependency (1)

1/ Diversify gas supply

- additional import of 50 Bcm of LNG from Qatar, the US, Egypt and West Africa
- new pipelines sources from Azerbaidjian, Algeria and Norway for 10 Bcm

- large scale development of bio methane 35 Bem in 2030

- H2 accelerator initiative to replace 50 Becm by 2030

2/ Reduce fossil fuel use faster by boosting energy savings

- reinforce the current targets of the Fit to 55

- european gas demand reduction by 15% by next spring

- lowering the temperature of its thermostat by 1°C saves 10 Bcm of gas imports

3/ Massive developments of renewable energies
- Increase the 2030 renewable energies target from 40 to 45% raising generation capacity from

511 GW today to 1236 GW

200 TPA Toolbox Energy Book 5 - Gas




REPower EU - A plan to reduce russian gas dependency (2)

+ The EU plan will mobilize close to 300 Bt
o All Members States should have access at least three gas resources

+ The filling of gas stocks in the EU must start right now to reach a minimum
level of 80% of their capacity for next winter

TPA 201 TPA Toolbox Energy Book 5 - Gas {9@
b

Sharing Experience



TPA

Sharing Experience

Specific situation in Ukraine

Les gazoducs ukrainiens
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Specific situation in Ukraine

L’ENERGIE ELECTRIQUE EN UKRAINE . :

Y ¥ e @ N dI®

T ® >
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SN
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> - ; ‘
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5 \ N\ A >
N
\{{(« Centrale solaire , ¥ /
Sources : Google; GMD; Synopia x “‘
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EU - Increased Demand anticipated in 2023 vs 2022

Additional levels of EU gas demand in 2023 above demand in 2022

= 400
2

& N

350

325

300 . . .

Demand Temperature Avoid industry Exports to Ukraine  Baseline demand
2022 adjustment demand destruction and Moldova 2023
IEA. CCBY 4.0.

TPA S_ource: IEA Report I_Dec?mber 2022 - How to avoid Gas shortagga TPA Toolbox Energy Book 5 - Gas
in the European Union in 2023 :’
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EU - A Supply-Demand gap in 2023?

Expected changes and additional actions to close the supply-demand gap in the European Union in 2023

Expected Additional actions
changes (27 bem)
Baseline demand (395 bcm) (30 bcm) A

Hydro and
nuclear

Efficiency

Behaviour

Electrify
heat

iy

Baseline supply (338 bem)

IEA. CC BY 4.0.

Nate: Other = heat pumps and biomethane.

Source: IEA Report December 2022 — How to avoid Gas shortaggoss
TPA in the European Union in 2023
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EU - A Supply-Demand gap in 20237

Assessment of the natural gas balance of the European Union in case of total cut-off of
Russian flows and limited LNG availability, in 2023

c 400
(]
£ - Supply-demand gap
300
LNG
200
Pipeline
100
Domestic
production
Baseline demand Baseline supply

IEA. CC BY 4.0.
Note: Baseline demand includes ensuring supply to Ukraine and Moldova. See Annex for assumptions.

Source: IEA Report December 2022 — How to avoid Gas shortages )
TPA in the European Union in 2023 206 TPA Toolbox Energy Book 5 - Gas ‘?@
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EU — Assumptions for Gas Supply in 2023

Baseline level of gas supply available to the European Union in 2023

160
E
a

120

80

40

Pipeline

LNG

Domestic production

@ Norway B North Africa @ United Kingdom B Azerbaijan 02022 LNG imports BNew capacity available B Natural gas @ Biomethane

Source: IEA Report December 2022 — How to avoid Gas shortaggﬂs7
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Azeri Gas to Europe (Trans Anatolian NAtural Gas Pipeline)
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EastMedGaz in the mediterranean geopolitics
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Israel & Lebanon key Gas Infrastruture

3 Total/Eni
BYBLOS-1 WELL (2020 P&A)
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Source: The Washington Institute
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African Energy Mix 2021

Natural gas
M Coal
W Hydroelectric
M oil
! Renewables

Nuclear energy
M Other

Africa Africa without Egypt and South Africa
Total: 897.5 TWh Total: 443.5 TWh

Source: bp Statistical Review of World Energy, 2022

SAfrica Energy Outlook 2022, IEA

& "Utility evolution in Africa to reshape global electricity demand"”, 17 March 2022, Wood Mackenzie
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African LNG Exports

B Nigeria W Algeria M Mozambique [ Egypt Angola
B Equatorial Guinea W Mauritania/Senegal M Tanzania
B Libya* | Congo, Rep. Cameroon Gabon

140

iit

2022 2025 2030

Best-case scenario projections based on
approved and pre-FID projects.
* Libyan capacity is unoperational

Source: IGU, Hawiliti Research
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TPA Toolbox Energy Book 5 - Gas

&



TPA

Sharing Experience

Africa’s LNG infrastructure

Figure 32: Africa's LNG Infrastructure

1 Arzew/Bethioua LNG (GLI-2-3Z) Onshore 20.8 mtpa Sonatrach 1977-2014
2 Skikda LNG (GLIK) Onshore 4.5 mtpa Sonatrach 2013
3 Marsa El Brega LNG Onshore 3.2 mtpa LNOC 1970
4 Damietta Onshore S mtpa Segas LNG 2005
5 Idku LNG Onshore 7.2 mtpa Egyptian LNG 2005
6 Bonny LNG Onshore 22.5 mtpa Nigeria LNG 1999-2007
under expansion
7 Soyo LNG Onshore 5.2 mtpa Angola LNG 2013
8 EGLNG Onshore 3.7 mtpa EG LNG 2007
9 Hilli Episeyo FLNG 2.4 mtpa Golar LNG 2018
10 Coral South FLNG 3.4 mtpa Eni 2022

11 GTA FLNG 2.5mtpa bp 2023

12 Marine Xli (Tango) FLNG 0.6 mtpa Eni 2023

13 Marine XIl FLNG 2.4 mtpa Eni 2025

14 Mozambique LNG Onshore 12.88 mtpa TotalEnergies 2026
Planned LNG Export Type Capacity Owner/ Commissioning
Infrastructure Operator

15 GTAPh.2 FLNG 2.5 mtpa bp 2025/2026

16 Tanzania LNG Onshore 15 mtpa Equinor, Shell 2030

17 Rovuma LNG Onshore 15.2 mtpa ExxonMobil, Eni TBA

18 Cap Lopez Onshore 0.6 mtpa Perenco 2026

19 Yakaar-Teranga Possible FLNG 4.5 mtpa bp 2026

20 BirAllah-Orca Possible FLNG  TBA bp FID 2025

21 Mozambique LNG Onshore 30 mtpa TotalEnergies 2026

22 Coral 2 FLNG TBA Eni TBA

23 Fortuna FLNG TBA TBA TBA

24 Padah Onshore 3.4 mtpa Padah LNG 2025
Planned LNG Import & Type Capacity Owner/ Commissioning
Regasification Operator
Infrastructure

25 Tema LNG FSU/FRU 1.7 mipa Helios Inv. Partners 2022

26 KARMOL LNGT Powership FSRU 84 MMscf/d KARMOL 2022
Africa FSRU

27 Matola LNG FSRU TBA TotalEnergies, Gigajoule 2025

28 KARMOL (ex. LNG Vesta) FSRU TBA KARMOL TBA

29 Coega LNG Onshore TBA 18D TBA

30 Richards Bay LNG Onshore TBA Transnet SOC TBA

31 Kamsar LNG Onshore TBA West Africa LNG Group, TBA

Inc. (IWALNG)
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Potential Gaz Fields development
in Tanzania/Mozambique
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Capex by LNG projects in Mozambique

Capex by project

m Pande-Temane m Mozambique LNG (Area 1)
ol m Coral FLNG (Area 4) m Inhassoro PSA
m Rovuma LNG (Area 4)
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Source: Wood Mackenzie Lens
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FLNG Mozambique Coral Sul

- .

The Coral Sul'FLNG offshore
Mozambique exported its
““first cargo in 2022.

. -Picture; Eni_

-
.
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Potential Gas Fields Development in Senegal/Mauritania
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The North American Market
(See Book 6 — Unconventional Hydrocarbons)
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North America

¢ Mature markets, mature infrastructures.

¢ The Gas transport and Gas market competition are ruled.
¢ A liquid and deep market.

¢ The Gas demand is elastic.

¢ Coal is a competitive energy for power generation, despite the
negative consequences of CO2 emissions.

¢ The conventional Gas production decreases, while uncertainties
over the unconventional reserves remain due to the sensivity to the
price. Economics are the keys.

¢ A growing business: the Gas Shales exploitation, high contribution
to production increase, environmental concerns. USA has become a
gas exporter. US Gas exports through LNG have considerably
increased due to the Ukraine/Russia war.
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Reminder: US are going to become Net Exporter of HC
A IEA 2017 Vision

Net exporter of gas Net exporter of oil

Coal

Mtoe

i Gas
aenll

I Oil

balance

- 400 -

- 600 -

_Bm e
2000 2005 2010 2015 2020 2025 2030 2035 2040

The United States is switching already to become a net gas exporter,
and is projected to become a net oil exporterin the late 2020s

Source: IEA WEO 2017
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New plays to potentially impact supply-demand balance

> e

Loer 48 states shale play 4

Source: Energy Infomason Adminiztraton based On data from varncus pubished studes.
Upciatec: May @, 2011
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North America LNG Projects - 2026

Ksi Lisims

LMNG Canada

Alaska LNG Cedar LNG_ @

- T

|

November - Commomnwesalth (9.5 mipa): Coastal use permit re-instated by Louisiana Dpt of Energy and Matural
Resources after the permit was vacated by the 38" Judicial District court in October, due to the project
“disproportionate effect on the surmounding communities of color [,,,]. alongside the cimate change™. The new permit
includes the implementation of additional mitigations. and monitoring projects to limit impact on the environment.

Mowvember - Cedar (3.3 mtpa): 20—y SPAs
signed with Petronas for 1 mtpa.

Woodfibre LNG

g

’_.-""'.Golden Pass (T1-3) —

- i
: Yort Arthur Ph1 + Ph2

\\\_\._-J_,

Commonwealth LNG

December — Texas LNG (4 Mtpa): 20-y Ho of 0,5
mitpa with Macquarie Energy converted into SPA.

<~

Sabine Pass (T1-6, Stage 5)
Magnolia LMG (T1-4)

Mowvernber

Rio Grande T6 (5.8 Mtpa): FERC

pre-filling process started by NextDecade.

Mexico Pacific LMG (T1-2, T3)

Amigo LNG

Vista Paciﬁcc_: LMNG . J

October - Cameron T4 (5.7 mitpa):
Dyear construction extension
granted by FERC (Q1 2033);

-

-

Freeport (T1-3, T4)

. Stage 3, Stage 4 (=T8-9))

October - Delfin LMG (4 mipa): Letter

L

Lake Charles LNG (T1-3)
Gulfstream LNG

Lb
i

Plaguemines

@ Elba Island

@ Eagle LNG
Gulf LNG

Pr
Us, Mex»
200 - Mipa
Goldboro LMNG
400
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C
I
Cowve Point 200
1414
M — -
ex
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Started Capacity

Woodside Louisiana ?I
e
Delfin

| Altamira Fast FLNG

L

of Award semt to Samsung Heawy
Industries for 1st FLMNG EPC contract. "

Cameron [T1—3 T4+Dbn}|

MNovember 2025 — US briefing

CP2Z (144 mtpa):

October Final approval of non-FTA authorizaton by DOE.
Also, 20~y SPA signed with Naturgy (Spain) for 1 mtpa from 2030.
Movember: Three 20~y SPAs signed with: Mistun for 1 mipa from
2029, Atlantic-See LNG {Greece) for 0.5 mtpa from 2030 and
Tol{-.-'o Gas for 1 mtpa from 2030

C

alcasi Pass
_————CP2 Ph1 :t ““-‘1-1_%___

Movember — Calcasieu Pass (10 mtpa): Shell
asked Supreme Court of the State of New York to

Source: TotalEnergies-Nov. 2025
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October — Woodside Louisiana (16.5. mtpa):
Woodside sold 10% of LNG project and 80% of
Drifterood feedgas pipeline to Williams for 378 MS.
Williams will offtake its equity participation of LNG
(1.6 Mtpa) and contribute to 1.98% of CAPEX.

wacate August arbitral nuli

about delayed commercial operation date.

Eossa

F Trads

ng lost to VYenture Global
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Gas Supply and Demand North Americas*
IEA 2025 STEPS Scenario

(G.m3)
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2010 2018 2019 2020 2021 2022 2023 2024 2035 2050

Shale Gas production changes the picture: US has become a gas exporter
* US, Canada, Mexico
Data from IEA WEO 2025
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Sabine Pass — United States
From LNG Import to LNG Export

2008: start up of the Sabine Pass LNG regasification
terminal built by Cheniere Energy (operator)

- 40 Bcmly of total regasification capacity
- 10 Bemly of regasification capacity subscribed by
Total for 20 years from 2009

2012: Sabine Pass received the authorization to export
LNG from four liquefaction trains and, in 2015, from a
fifth train, which involves converting the regasification
plants into liquefaction plants.

6 liquefaction trains with a capacity of 4.5 Mt/y each
- T1-T4: under construction, start-up from 2015
- T5:FID in 2015, T6: pre FID, start-up from 2018

- Agreement with Kogas for the purchase of 0.7 Mtpa
of LNG from Sabine Pass for a duration of 20 years

(T3)
- Agreement with Cheniere covering exports of 2 Mtpa START-UP OF PRODUCTION IN THE FOURTH
of LNG from Sabine Pass for 20 years (T5) QUARTER OF 2015

TPA Source: Total 2015 224 TPA Toolbox Energy Book 5 - Gas {9@
b
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The Pacific Asia Market
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Gas Supply and Demand Asia Pacific
IEA 2025 STEPS Scenario

(G.m3)
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Data from IEA WEO 2025
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China Natural Gas Supply by source (2024)

450
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Source: Energy Institute. Statistical Review of World Energy 2023
2023 figures compiled from China’s General Administration of Customs,
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LNG Receiving Terminal — Chiba/Japan

TPA

Sharing Experience

228 TPA Toolbox Energy Book 5 - Gas

hat) (9]



Following cuts of Russian Gas supply to Europe,
A zoom on Russian Pipeline routes to China

Russia planning second gas pipeline to China

Russianmn energy giant Gazprom says it has begun design work for a
nmnew pipeline project, dubbed Power of Siberia 2, thhat would more than
double the volumes of natural gas it could deliver to China

Gas pipelines in operation
-—-—— Prospective gas pipelines
B, Gas fields

AR CTIFC
O C E A

€3 cnazProm

1 ,600km - - ) F = []
625 miles — -E;U
rasnoyars
RUSSIA Y& Ta

- .
W ——- __—--"-..__._."%' Kovykta
Tyurmen r/‘%

Gorno-Altaisk FE =
< Fr't & Erenhot /"jﬁ JAPAN
Adtail route | - -
—— @ . / R
Uru;nqn o Power of Be'l'ng
XTI TI.A N : = =
= 2 -
. S o2 CHINA . Viadivostok
B POWER OF SIBERILA B POWER OF SIBERLA 2
Launch date: Dec 2019 — Russia Possible launch date: 2030
to supply gas to China for 30 yvears Capacity: Up to SObcm
Capacity: 5 billion cubic metres Route: Gazprom looking at building
(bcm) expected in first yvear, rising pipeline across Mongolia instead of
to 38bocm per yvyear by 2025. Pipeline through Russia’s Altai region —
due 1o receive gas from Kovykta option preferred by China to avoid
field in late 2022 restive Xinjiang prowvince
Sources: Gazprom, Reuters, Petroleurnm Economist, S&P Global = GIRAPHIC NEWS
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Top 10 Gas Companies in the World

TPA 230 TPA Toolbox Energy Book 5 - Gas {9@
b

Sharing Experience



Top 10 Company by Natural Proven Gas Reserves

Situation Year 2016
IRAN NIOC 33,5
RUSSIA GAZPROM 18,6
QATAR QATAR PETRO. 17,7
TURKMENISTAN TURKMENGAS 16,3
S. ARABIA ARAMCO 8,4
VENEZUELA PDVSA 5,7
ALGERIA SONATRACH 4.5
IRAK INOC 3.7
CHINA CNPC 3,5
UAE ADNOC 3.4

T.m3

-I-PA 231 TPA Toolbox Energy Book 5 - Gas F@
b

Sharing Experience



Top 10 Companies by Natural Gas Production

Year 2016
Mm3/d
GAZPROM (Russia) 1155
NIOC (Iran) 555
QPC (Qatar) 344
CNPC (China) 331
SHELL 301
ARAMCO (Saudi Arabia) 300
EXXONMOBIL 287
SONATRACH (Algeria) 229
BP 200
PETRONAS 191

TPA 232 TPA Toolbox Energy Book 5 - Gas ‘9@
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Top 20 Resources by Countries

Saudi Arabia
UsaA
Russia

Irag
Canada
Venezuela
Iran

Kuwait
Brazil

Qatar

Libya
Kazakhstan
Argentina
Migeria
China

UAE
Mexico
Monway
Algeria
Angola

Liquids (Gb)
2P
I
I 122
119
e 110~
77
77
57
B 0
B 2
22
B =
| 22
21
B
18
B 5
| 1z
10
!

Source: TotalEnergies E&P Data Book 2023

Source: Profil Mondiaux Hydrocarbures 2023, Exclude unlikely confingent and YiF 233
TPA **Consideration of shale production until 2050
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2C 252
196 ™

Russia

uUsa

Qatar

Iran

Canada
Turkmenisian
Saudi Arabia
Argentina
China
Australia
Migeria
Mozambigue
Indonesia
Algeria

Irag

UAE

Morway
Malaysia
Azerbaijan

Israel

OFPEC mOECD = Others

Gas (Tcf)
2C
I
I 748

501
[ | 460%*
B 239
289
| 225
B a2
B 163
150
| 137
| 122
100
100
96
i s
| 66
| s2
| 38

TPA Toolbox Energy Book 5 - Gas
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Top 20 Resources by Companies

Saudi Aramco
Rosneft
ADNOC

KFC

NIOC
ExzonhMolbil
Gazprom
Fetrobras
CMNFPC
Chevron
ConocoPhillips
QatarEnergy
TotalEnergies
LUkOIL

Shell

Suncor Energy
CHNR

Cco. Petroleum
ECQG Resources
MO

Liquids (Gb)

I 52

42
42
30
26
N 23
L Bk
B s

15
14
L IRk
12
12
11
10
10
9
9
9

Source: TotalEnergies E&P Data Book 2023

Source: WoodMackenzie
TPA * Includes Commercial Reserves (*2P") and Technical Resources ("2C7)
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Majors

Gas (Tcf)

163 Gazprom [ 541
QatarEnergy N 255
MNIOC 204
Saudi Aramco 149
curc N 138
Mowvatek ar
Turkmengaz [ 85
Rosneft [ 23
Chevron iy
ExxconiMobil T2
Shell Ga3
Sonatrach 58
BF 51
TotalEnergies 48
ADMNOC 4G
Eni 38
ConocoPhillips 38
KFPC 37
EQT Corp. 36

Sinopec Group [ 32

MNOC OPEC = Other NOC Others

234 TPA Toolbox Energy Book 5 - Gas
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International Majors weight # 18% in the World Gas
Resources Assets- Year 2022

TPA

Gas Production (Bcf/d)

5 0 9 Son
: O 00 —gtova GAZPROM
7 Rp

i ©®  cChevron ) Rosneft

45 6 EQT Corp O
5 o - ._'LotalEne:gJes—

40 4 +—Sinopec Group @ @ @ spNoc @ Turkmengas
3 .'(ZOFIUCU Phitlips

35 2 ®«kpc
1

30 0

0 10 20 30 40 50 60 70 80 90
A
25 / @ Nioc

20
s // CNPC
QATAR ENERGY

ARAMCO 0

5 _
0 Gas Resources (Tcf)

200 250 300 350 400 450 500 550 600

Source: ChG/Data from TotalEnergies 2023 235 TPA Toolbox Energy Book 5 - Gas
Resources accounted as Commercial 2P & Technical 2C
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The gas chain components and their
economics: Production & Processing
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b

Sharing Experience



TABLE OF CONTENTS

General considerations

Resources, reserves

Conventional and Unconventional Gaseous Hydrocarbons
Production, consumption: past and present

Production, consumption: perspectives

A zoom on Liquefied Natural Gas (LNG)

Three independant world markets

The gas chain components and their economics: Production & Processing

© oINS g ~ 0N =

The gas chain components and their economics: Transportation

-
o

. The gas chain components and their economics: Storage

-_—
-_—

. Technology and innovation

-
N

. Competing fuels and Gas prices

-
w

. Evolution of national gas markets towards liberalization & globalization

-
=N

. Example of challenging gas projects: Shtokman & Yamal

TPA 237 TPA Toolbox Energy Book 5 - Gas {9@
. _ b



Natural Gas Production

Oil
AV YA YA A W W W W U W W W U U W WA Y

\
NN NN AR U U U U W U U N ¥
S AW Wate \\\\\\\\\\

Liquids
Saturated Qil Field oil
/oo Water oo\
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Natural Gas Processing

- METHANE C1

ETHANE C2
LPG N
Liquefied PROPANE C3
Petroleum BUTANE L c4 )
Gas VD NGL
PENTANES & HEAVY FRACTIONS: Natural Gas
Pentanes plu§ C5+ Liquids
Natural gasoline
Condensate
/L J

Water Nitrogen Helium

CcoO, H,S Mercury ...

> Separate liquids and gases for efficient transportation and distribution.
> Remove unwanted materials such as hydrogen sulfide and water.

> Meet specifications set by buyers of gas.

TPA 239 TPA Toolbox Energy Book 5 - Gas {9@
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Natural Gas Quality

Acid Gas High in CO, and/or H,S
Lean (Dry) Gas Low in NGLs

Rich (Wet) Gas High in NGLs

Sweet Gas Low in H,S

Sour Gas High in H,S

Low Cal Gas High in CO, / N,

Gas quality has a major economic impact.

¢ Presence of heavy components (LPG, Condensate) improves
the economics of a gas project.

¢ Presence of H2S, CO2 and Nitrogen induces higher processing
costs and thus lowers the value of a gas project.

TPA 240 TPA Toolbox Energy Book 5 - Gas
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Hydrates — Potential problems

Sharing Experience

Solid crystals lookina like compact snow or porous ice

241 TPA Toolbox Energy Book 5 - Gas
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Processing examples: Acid Gas Removal & Gas Sweetening

and Drying

TPA

Sharing Experience

Pr Amines
MEA (methanolamine)
DGA (diglycolamine)

DEA (diethanolamine)
DIPA (diisopropanolamine)
Sterically hindered

MDEA (methyldiethanolamine)
TEA (triethanolamime)

Potassium carbonate

Dimothyl ethers of
polyethylene glycol

N-melhy1 z-pyrrolldone

SepasolvMPE (polyethylene glycol and
dialkyl ethers)

Fluor Solvent (propylene carbonate)
Sulfolane (tetrahydrothiophenedioxide)
Estasolvan (tributyl phosphate)

DIPA and sulfolane

MDEA and sulfolane

Hinderediunhindered
amine and a physical
solvent

%

niso

Methanol with MDEA or
diethylamine

Chemical absorption by specific solvent
Regeneration of solvent

Gas Sweetening Process

ser
Treated product gas@
/_L
Pmpane Hzo

High
Pnssurc

ﬁ
Inlet sour gasL e
jmethane, ethans, Propans
Hz8,C0O2, H20 —_—

242 TPA Toolbox Energy Book 5 - Gas
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Natural Gas heat content by country

120 |
Ecuador
100 ,/ g Algeria
Poland 802 Btu/cf 4 [UK, Norway
) 80 Ecuador 1300 Btu/cf |
= =+62% |
= {
= [
s 60
3 [0S ]
=)
| S
2 40
Russia
20
Poland _
0 l J
800 850 900 950 1000 1050 1100 1150 1200 1250 1300
source ETIA
Jean Laherrere 2008 heat content Btu/cf
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Natural Gas processing costs

(Costs can substantially fluctuate depending upon economic environment)

¢ Natural Gas Processing costs depend on
» Field Location
« Field Size
= Gas Components

Type of use envisaged for the products

Means of transportation for the products

Processing Costs may vary significantly
Important Economies of Scale

¢ $0.20/MBtu to $0.60/MBtu for an Onshore Processing Plant of 6 to 8 Bm3/year capacity
¢ Multiplying Factor of 2 for a 1 G.m3/year Processing Plant

¢ Multiplying Factor of 3 for an Offshore Processing Plant

TPA 244 TPA Toolbox Energy Book 5 - Gas {9@
b

Sharing Experience



Natural Gas production costs

(Costs can substantially fluctuate depending upon economic environment)

| | | |
| 2 )

NSea - Marginal

07 |

North Sea - North

North Sea - South

WEurope Onshore

USA Offshore

USA Onshore

Asia - Oceania

MEast Offshore

MEast Onshore @ —

|
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
$/MBtu
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The gas chain components and their
economics: Transportation
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Natural Gas Transportation
Pipeline - LNG tanker

TPA 248 TPA Toolbox Energy Book 5 - Gas {9@
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Gas Pipeline vs LNG

TPA
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Pipe Laying

TPA
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Source: GRT Gaz/Artére de Guyenne
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Pipe Laying

Source: BP Trans-Anatolian pipeline in Turkey

TPA 251 TPA Toolbox Energy Book 5 - Gas ‘9@
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LNG Carriers

804 active LNG
vessels in the world
at end 2025

TPA 252 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Natural Gas Transportation

(Costs can substantially fluctuate depending upon economic environment)

Natural Gas fills a volume 1000 times larger than Crude Oil for the same energy content.

Long-distance transportation costs

for gas are higher than those for oil by a factor of five to ten.

LNG TANKER OIL TANKER
135 000 m3 “ 70 000 t
250 M$ 100 M$
GAS PIPELINE OIL PIPELINE
100 TWhlyr =900 mm = 36" 500 TWhlyr
1.5 M$/km 0.7 M$/km
253 TPA Toolbox Energy Book 5 - Gas



Transportation Selection

< Transport by pipeline
= fixed capacity
= sensitive to distance
= cOoOmpression requirements

¢ Transport by LNG tanker

= high initial investment

= capacity can be increased by steps
+ other criteria

= Terrain

= Transit rights

= Destination flexibility

= Geopolitics ...

TPA 254 TPA Toolbox Energy Book 5 - Gas ‘9@
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Natural Gas transportation costs

(Costs can substantially fluctuate depending upon economic environment)

$/MBtu
Gas pipe 7
High Cost
4 \ 7 :
y Gas pipe
/ Low cost
V4 \ ““‘
3 /7 ‘e“‘
7 .t
/ oo e* LNG\ -
V4 ““
0 / 7‘:—
— : ““‘
7 “"‘
7 “t“
7 “t“
1 4 A A
7 o Oil tanker Oil pipe
= ; : ; ;  km
800 1600 3200 4000 6400 8000

TPA 255 TPA Toolbox Energy Book 5 - Gas
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Natural Gas pipeline transportation

(Costs can substantially fluctuate depending upon economic environment)

TPA

—

P,

<

Ah—u
(3]

v

A

<«

Plﬂ

Plr

00e D
.
:{ Pipe Investment: k,.D°¢ forD > 500 mm
| 0.8 M$/km < k, <M$1.0/km 1.3<c<15 D in meters
Diameter mm 800 1000 1200 1400
inches 32 40 48 56
Investment (M$/1000 km) 660 900 1160 1440

Annual Pipe Operating Costs: 1 to 3% of Investment

Investment: a+bP

- - - - - - - - -

Compressor Stations
Energy Costs: «< P, « (Load Factor)?
Annual Operating Costs: 3 to 7% of Investment

~— - - -

TPA Toolbox Energy Book 5 - Gas
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The LNG Value Chain

TPA
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rTHE LNG VALUE CHAIN

@ PropucTioN O recasiFicaTiON

t
Return on balle® Tripto markel

offshore fields

Gas receival Loading /Un[oading

©) LiQuEFACTION i : ‘ Regasification

From gas production through sales, Total = pos@ioned across the completa LNG walua chan. l

257 TPA Toolbox Energy Book 5 - Gas
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Liquefied Natural Gas chain costs

(Costs can substantially fluctuate depending upon economic environment)

Sharing Experience

¢ LNG CHAIN : Gas
= 6to 9 Bcmlyr (4.4 to 6.6 Mtly)
= 5to 6000 miles

¢ LIQUEFACTION (plant, storage, terminal)
» Investment: 5.0-8.0 G$

N

« Unit Cost: 2.3 - 3.6 $/MBtu

¢ TRANSPORTATION (135 000 cu.m, 7 to 8 tankers): l
« Investment: 1.8 -2.0G$ C‘J‘Llr‘.,— n_n "'\ﬂ?
« Unit Cost: 0.8 - 0,9 $/MBtu LNG

|

¢ REGASIFICATION (storage, terminal)
=« Investment: 0.8 —1.3G$
= UnitCost:  0.4-0.6 $/MBtu

¢ TOTAL LNG CHAIN '.agl:l
« Investment: 7.6 -11.3 G$
« Unit Cost: 3.5-5.1 $/Mbtu l

Nota: 1 T LNG # 1300 m3 # 50 Mbtu

@

Unit cost are based on discounted production 253 TPA Toolbox Energy Book 5 - Gas
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LNG Issues : Costs and Timing — 1970 - 2015

Ligquefaction Capex

1,600
1,400
1,200

1960 1970 1980 1990 2000 2010 2020

Start-up year
Source: Wood Mac Kenzie

-I-P A 259 TPA Toolbox Energy Book 5 - Gas ‘9@
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Capital Costs evolution of LNG Projects

by country
2 DY) rereeereeeararereane e e R :
g 5 ® ® Australia
o .. North America
9
g 00 R T T i T Trrr T T T TP TP SRR @ -
= Qatar
g
...................................................................... SOOI L
E 1500 9 P a
o Other
=
A 1000 - oerrrnr e e (U
= -
a o , .
500 ﬁ.. B .. Bubble size
10 Mtpa
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
FID year
Liquefaction costs have come down from their pre-2014 highs
TPA Source: IEA 2019 260 TPA Toolbox Energy Book 5 - Gas
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Capital Costs & marginal Costs of LNG Projects
by country

s
=

= 12 =
™ i
& &
= 2
q._:ﬂ‘ 1500 9 E
= Mozambi g
@ @) ozambique 2
E 1000 Russia Australia I
u United States a
a

[Ty ]

© 500 3

=

a

0 50 100 150 200 250 300 350
® Long-run marginal cost (right axis) Capacity increase (bcm)

There is a wide range of investment costs for liquefying gas; along with feed gas and
shipping costs, LNG project economics set the marginal price of gas in several markets

Motes: Long-run marginal costs equal the weighted average costs in each country of developing gas
resources, building liquefaction terminals and shipping the total LNG volumes delivered over the projection
period. Shipping costs reflect the volume-weighted average cost of delivery to importing regions in the
Stated Policies Scenario. Assumed asset lifetime is 30-years with a cost of capital in the range of 5-10%.

TPA Source: IEA 2019 261 TPA Toolbox Energy Book 5 - Gas ‘9@
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Prices for LNG carriers 1980 - 2009

Sharing Experience

LNG Tankers 120 - 180 10°m® capacity nov 2005

350
300
250
200
150
100

Contract Price mm$

50
0

Typical Cost Price

Max

Year 2018:
175 000 m3 # 200 M$
[
A / \\w4 — Average
N—-—""/ | Min
—

0. 7o0. 7o. 0. 7o. 7o. 0. <. <. <. <. <P
% e, Qg B, R0, R0, s Bon B0, Uy s s Y

Delivery Year

©
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Regasification Unit Costs by Project Type

TPA
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350 -

300 -

M

-

-]
1

$/tonne
T
(-]

100 -

20 -

D | | | |
2006 2008

2012 2014

2010 2016
Onshore s - oating

*Indicates the size of onshore storage relative to onshore terminal capacity.
Sources: IHS Markit, Company Announcemenis
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The Economics of various Gas projects,
from the well to the final consumer
One illustration

TPA 264 TPA Toolbox Energy Book 5 - Gas {9@
b
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Gas Border Price & End Consumer Price - lllustration 2008 Environment
Break Down Gas & LNG Unit Technical Costs

(2008 environment)

2$15MBTU End consumer price 25 $/MBTU
_| Downstream Gross Margin
/ I
= (including State Taxes
B + Distribution costg
16 + flex + Quality conv
+ S’mragp Terminal
14
Gas border price
12 -
10
8
6
4 . .
O Upstream/midstream Gross Margin
2 (including State Taxes)
@ [Shipping & regas
0 ' ' '|@ LNG Plant OPEX & CAPEX
Northsea Western Asia LNG

TP A Gas  Africa LNG O Development & Production rgy Book 5 - Gas ‘9@
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The gas chain components and their
economics: Storage

TPA 266 TPA Toolbox Energy Book 5 - Gas {9@
b

Sharing Experience



TABLE OF CONTENTS

General considerations

Resources, reserves

Conventional and Unconventional Gaseous Hydrocarbons
Production, consumption: past and present

Production, consumption: perspectives

A zoom on Liquefied Natural Gas (LNG)

Three independant world markets

The gas chain components and their economics: Production & Processing

© © N o g kA W N =

The gas chain components and their economics: Transportation

-
o

. The gas chain components and their economics: Storage

-_—
-_—

. Technology and innovation

-
N

. Competing fuels and Gas prices

-
w

. Evolution of national gas markets towards liberalization & globalization

-
=N

. Example of challenging gas projects: Shtokman & Yamal

TPA 267 TPA Toolbox Energy Book 5 - Gas {9@
. _ b



Transport-Storage: spinal column of the gas chain to route gas towards
and inside consumption zones

TPA

Sharing Experience

Extraction  Gazeduc souterrain Usine de liquéfaction 4 Transport § Par méthanier, sous forme liguide, son volume
est 600 fois plus petit qu'a 'état gazeux

Borne de signalisation  Gazoduc souterrain  Stockage # Réserve de gaz naturel Distribution ¢ Canalisations
du gazoduc en 3ous-sol soutemaines
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Natural Gas Storage - Traditional use

/ Peak demand (coldest day)
LU P S —— | storage Withdrawal capacity required

Storage Volume required [l

/* Additional demand in cold winter

Winter / /— Daily demand in average climatic year
v

' %%:,,Flexibiity of supply
)

Average supply

>
330 365 Days

TPA 269 TPA Toolbox Energy Book 5 - Gas
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Natural Gas Storage

¢ Goal of Natural Gas Storage:

Daily Provide logistical flexibilit it
Gas Demand = Provide logistical flexibility, security
y of supply, peak shaving, and trading
______ , opportunities.
LT outof ¢ Means of Natural Gas Storage:
f """"""" LNG = Depleted Fields, Aquifers, Salt
! Storage Cavities, and LNG Storage.
BEEEE e ':ﬂ,_..-:""'::‘_'_._.:‘ out °_f_ Capacity of Natural
L Salt Cavities Gas Import Pipeline
o Storage System
Outof  ----====q"% |
Storage ! _ outof
— Conventional Underground
! Storage

Into Storage
Firm Supply

Daily Gas Inflow

U days

Winter Spring/Fall Summer 365

TPA 270 TPA Toolbox Energy Book 5 - Gas {9@
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Natural Gas Storage

¢ The safest, most secure and economically viable form of natural gas storage is storage
in natural or man-altered underground formations.

¢ The three principal types of gas storage sites are:
» Reservoirs in oil or gas fields
» Aquifers
» Salt cavern formations

¢ In addition, above ground storage facilities can be built
(LNG peak shavers)

¢ The most important characteristics of a storage facility are its capability to hold large
volumes of natural gas for future use and the rate at wich the gas inventory can be
withdrawn (its delivery rate).

TPA 271 TPA Toolbox Energy Book 5 - Gas {9@
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Natural Gas Storage costs

(Costs can sbstantially fluctuate depending upon economic environment)

Working Capacity (10 m3)
Flexibility (Flow/Capacity)

Investment ($/m3)

Exploitation Costs ($/MBtu)

Depleted
Fields

300 - 5000

low

0.2-0.3

0.3-0.5

272

Aquifers

200 - 3000
low
0.2-0.3

0.3-0.5

Salt
Cavities

50 - 500
high
0.6 - 0.8

0.3-2.5

TPA Toolbox Energy Book 5 - Gas




Peak shavers LNG

TPA
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Regasificzaiion

Ligyeiaciion

Flvzling

Plvelineg

273

* Low Working Volume
« High Withdrawal
Capacity

* Low Injection Capacity

TPA Toolbox Energy Book 5 - Gas

&



Synthesis

Synthesis

Reservoir Aquifer . salt cavity LNG peak shavelr-r
Working Gas "."" T T T
Cushion Gas | ‘.".’-.- "‘t' | | T o T
Deliverability | ‘.‘ | & ‘.‘ i | t' ttt "

TE® High % Medium T  Low
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Technology and innovation
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Technological progress

Exploration

Specific gas exploration
Arctic /Siberia
Offshore marginal fields

Production

Liquefaction

* 6 o o

Multiphase systems

Efficiency
Simplification

Transportation

Size increase
Floating LNG

* & o o

Size increase

Underground

Storage

Use

Diesel propulsion
Multiphase pumping

* & o o

Optimal control / complex networks

L 2

Better investigation

L 2

Safer exploitation

Efficiency
Innovation
Compressed Natural Gas

* & o o
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Technical innovation — Floating LNG
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Technical innovation — Floating LNG

FLNG is built on industrial experience.......

Subsea field development
Large floating oil production

Natural gas liquefaction platforms

..and innovation in open sea LNG transfer

Source: Technip 279 TPA Toolbox Energy Book 5 - Gas
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The Coral-Sul FLNG to operate at the Coral South project
Offshore Mozambique
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Reminder - Floating LNG projects - 2015

FLNG under construction Potential for FLNG k Number of proposed
capacity (bcm) capacity* (bcm) FLNG projects

This map is without prejudice tothe status of or sovereignty over any teritary, to the delimitation of intemational frontiers and boundaries and tothe name of any territory, cty or area.

*Including proposed and under construction projects. Sources: Cedigaz (2015) and IEA analysis.

TPA Source: IEA WEO 2015 281 TPA Toolbox Energy Book 5 - Gas {9@
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Floating LNG: Shell Prelude project

Floating Liquefied Natural Gas From Concept to Reality

Shell Floating Liquefied Natural Gas

Technip Samsung Consortium Contracts
Master Agreement 28/07/2009
The design, construction and
installation of multiple FLNG facilities
over 15 years

e e e e e S
Generic FLNG — FEED 28/07 /2009

Prelude FLNG — FEED 08/03/2010

Offshore Western Australia

Prelude FLNG — EPCI 08/03/2010

Contract under which the FLNG would
be built when the project receives the
final investment decision

(FID announced 20" May 2011)

Generic FEED — finalisaed
Prelude — start up 2016

Picture courtesy of Sheil

Sunrise — to come

TPA Source: Technip 282 TPA Toolbox Energy Book 5 - Gas ‘9@
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Floating LNG: Shell Prelude project

Floating Liquefied Natural Gas From Concept to Reality

Shell Prelude

- 488 mx79m

= 600 000 t displacement with tanks full

)

= 3.6 Mipa LNG capacity
- 1.3 Mipa condensate production

= 0.4 Mipa LPG production

= Total liquid production 110 000 boe/day

Picture and graphic courtesy of Shell
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Floating LNG: Shell Prelude project

« LNG project in Australia
« FLNG: 488 m length, 74 m width
 Two helidecks

« Capacity: 3,6 MT LNG, 1,3 MT Condensate and 0,4 MT
LPG

 Technip in charge of the construction
« Operational start-up: 2017

« Operated by Shell (67,5%). Joint-venture with Inpex
(17,5%), Kogas (10%) and OPIC (5%)

TPA 284 TPA Toolbox Energy Book 5 - Gas ‘9@
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Floating LNG: Shell Prelude project
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Floating LNG: Total project

TOTAL FLNG pre-FEED

Client : TOTAL

Technip leader of the topside design

Pre-FEED completed in Q4 2011

Capacity 2.5 Mtpa LNG

Length: 410m +

N2 cycle

http:/fwww total_com/fr/nos-energies/gaz-naturel

Source: Technip 286
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Bonaparte Floating LNG

BLNG — FLNG main characteristics

Source: GdF Suez

287

Production clipaciti = Za‘M—fbA_’f -
LNG storage—= 210,000 —
Condensates 40,6007~ — —
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Petronas Floating LNG

Source: IGU 2016 288
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Business/Market Evolution:
Small Scale LNG (SSLNG).......

Regas/import
Terminal

Power Plant

&
‘ N ’

04/
r\ y
Y
N
‘\\\\4:"

\ Small Scale Small ING Carrier

: . Small Teinol
Liquefaction

Source: IGU 2015, Shell

TPA 289 TPA Toolbox Energy Book 5 - Gas ‘9@
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Gas to Liquids (GTL)Technology

TPA 290 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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GTL Technology

@

1#,

e GTL pilot plant in ltaly
= High-grade gasoil

e Large experience in products
work-out

e Reduction in the cost :
integration of units and best
technological choices.

291 TPA Toolbox Energy Book 5 - Gas
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GTL Technology

} Gas to Liquids to Fuels and Chemicals

LNG
NGL, LPG
ACETICACID o nMALDEHYDE
MTEBE
DIESEL
Mﬂhand ADDITIVES

ULTRA-CLEAN
DIESEL

OLEFINS
LUBRICANTS FUEL CELLS FUEL CELLS S

AMMONIA

ALPHA OLEFINS GREEN FUELS POLYPROPYLENE
REFINERIES ACRYLONITRILE
POWER POLYETHYLENE
UREA"  ~cnERATION DF'EJEE'IE_" ETHYLENE GLYCOL
LPG ALPHA-OLEFINS
SUBSTITUTE
Source: BP
DME: dimethyl ether
FT: Fischer-Tropsch
TPA 292 TPA Toolbox Energy Book 5 - Gas
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Competing fuels and Gas prices
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TABLE OF CONTENTS

General considerations

Resources, reserves

Conventional and Unconventional Gaseous Hydrocarbons
Production, consumption: past and present

Production, consumption: perspectives

A zoom on Liquefied Natural Gas (LNG)

Three independant world markets

The gas chain components and their economics: Production & Processing
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The gas chain components and their economics: Transportation

-
o

. The gas chain components and their economics: Storage

-_—
-_—

. Technology and innovation

-
N

. Competing fuels and Gas prices

-
w

. Evolution of national gas markets towards liberalization & globalization

-
=N

. Example of challenging gas projects: Shtokman & Yamal
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Market segments and competing fuels

¢ Residential ¢ Commercial
= Electricity f b » Small industry
= Domestic FO 222 = Electricity
« LPG = Domestic FO
L ) = LPG
¢ Large industry ¢ Power Generation

»« Heavy fuel oil » Coal

» Coal »« Heavy fuel oil

= Nuclear

Sharing Experience
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Natural Gas markets

TPA
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ELECTRICITY GAS OIL LPG
Natural Gas

does not have a Captive Market
Residential & Commercial

-

—

ATURAL
" cas 'IT_>

COAL

FUEL OIL

NUCLEAR

Power Generation

ELECTRICITY COAL FUEL OIL

296

Chemicals
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Natural Gas uses
Average % Period 2005 - 2017
Global percentages evolve with time

. Oil Natural Solid

/o Gas Fuels
Transport Fuel W54 - I -
Heating Fuel # 25 # 57 #40
Power Production Fuel #7 # 36 # 60
Petrochemicals/Non #15 #7 -
combusted

297
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Natural Gas uses
Global percentages evolve with time

Gas consumption by sector

Bef/d
500
m Transport
Buildings
400 |
m Power
Mon-combusted
300 m Industry

200

100

0]
1965 1975 1985 1995 2005 2015 2025 2035

TPA Source: BP Energy Outlook 2035 2017 Ed. 4 TPA Toolbox Energy Book 5 - Gas {9@
b
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CCGT, An Efficient Technology

Combustible |Turbine

e—
Echappement

Chaudiére
de récupération

Combination of a gas turbine and a steam turbine
+ Gas turbine
= compresses air and mixes it with fuel that is heated to a very high
temperature. The hot air-fuel mixture moves through the gas turbine blades.
= drives a generator that converts spinning energy into electricity.
+ Heat recovery system
= captures exhaust heat from the gas turbine
= generates steam from the exhaust heat and delivers it to the steam turbine.
+ Steam turbine

= drives a generator converting spinning energy into additional electricity
= additional step increasing the global yield to 60%+

CCGT (Combined Cycle Gas Turbine) : a modular & flexible solution

Vapeur

"

BP Utilisation de
la Chaleur

299 TPA Toolbox Energy Book 5 - Gas
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lllustration: Seasonal profiles, typical of different gas market sectors

Average load factor 0,66

mElectr.Gen. mIndustry Commercial mResidential

7

6

11 ]
£ 4 I I
s B .-_ __l
>2 e =

SERRRRRRRRRE

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Electr. (base load) 1,0 Industry 0,9 Commercial 0,66 Residential 0,4

TPA 300 TPA Toolbox Energy Book 5 - Gas ‘9@
b

Sharing Experience



lllustration: Detailed Electricity Generation Mix in Germany
Week 51 in December 2013

Actual production

~N\

: B Bun of Rive B sucle; B Bioswin Codl B Haid Coa Gias | Fumped Storpge Wind Sl i

Source: Fraunhofer ISE, based on EEX data, commissioned by MSC, 2014,

Source: Mycle Schneider Consulting
301 TPA Toolbox Energy Book 5 - Gas




Gas Sales Contracts
Main Characteristics

TPA 302 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Gas Sales Contracts

¢ Quantities

¢ Quality

¢ Measurements

¢ Facilities/Delivery Point
¢ Price

¢ Billing

¢ Duration

¢ Other Clauses
»« Force majeure
Termination

Assignment
« Law
Revision

303

TPA Toolbox Energy Book 5 - Gas
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Flowchart of a Gas Contract

N.B: Contracts are all different. All terms do not necessarily appear , the wording may vary

s ACTIVE DAYS &8 ACQ

SWING DCQ

MAXIMUM DAILY
DELIVERY ADJUSTED ACQ

Demand OVERLIFTING DEFAULT
OF THE BUYER OF THE BUYER

MAXIMUM DAILY VAKE.UP
DELIVERY CAPACITY GAS TAKE OR

2\
- Capacity CARRY-

FORWARD
- Volume

304 TPA Toolbox Energy Book 5 - Gas
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Gas Sales Contracts

¢ Quantities

» Volumes

. Total Contractual Quantity: TCQ
Annual Contractual Quantity: ACQ
Daily Contractual Quantity: DCQ
Nominated Quantities
Take or Pay
» Climatic Corrections

»« Variations
« Flexibility
« Interruption
o Priorities
» Default and adjustement
« Make-Up gas
- Short Fall gas, Carry Forward

TPA ”

Sharing Experience
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Gas Sales Contracts

¢ Quantities

¢ Quality

TPA

Sharing Experience

Pressure conditions

Gas composition

Gas Specifications
Non-acceptable impurities
Impact on gas price
Entitlement to refuse the gas

306
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Gas Sales Contracts

¢ Quantities

¢ Quality

¢ Measurements
¢ Facilities

¢ Price
« Base Price (P0)
Indexation Formula

Currency

Reference period
Price Review

Sharing Experience
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Natural Gas Price

Without an international marker, it is indexation that is used in setting gas prices.
Indexation is an instrument used to reflect the specificity of the demand zone,
and therefore to ensure the marketability of gas.

GAS VALUE
at
Delivery Point

Upper Limit of Gas Price

Gas Buyer

Gas Price set through negotiation

Delivery Point f il between
Gas Cost and Gas Value

GAS COST
at
Delivery Point

Gas Seller

Lower Limit of Gas Price

TPA 308 TPA Toolbox Energy Book 5 - Gas ‘9@
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Gas pricing: Europe (Border price)

P1 < price of
Alternative

energy

TP A 309 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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WHAT WILL INFLUENCE THE GAS PRICE IN LT CONTRACTS

Supply and Demand

Gas oil price
(Households)

/@)
S /&)

Heavy fuel price
(Industry)

Substitute for gas

Swing Factor

Quality

Default gas

hi

Sharing Experience
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Gas price formulas — Some examples

¢ Values of indices X and Y are computed over a reference period (3 to

12 months), preceding the period over which the gas price P, derived
from the formula, is applied.

¢ Gas price P derived from the price formula is usually used for a period
of 3 months before being readjusted with new values of the indices.

P = P, + 60%%0.8 (GO - GO,) + 40%*0.9 (FO - FO,) ‘

P — P0 (30%*G0IG00 -+ 300/0*F0IF00 + 400/0*"'0) ‘

LNG
P(GNL ex ship) = 0.15*JCC + Cst*Inflation
JCC : average price of a basket of imported crudes

Gaz to Power
P =P, (35%*C/C, + 20%*E/E, + 20%*I/l, + 20%*S/S, + 5%*TIT,)

TPA 311 TPA Toolbox Energy Book 5 - Gas {9@
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Market segments and competing fuels:
impact on pricing

¢ In LT contracts, escalation of price is traditionally based on
various energy indices, initially aimed at reflecting the structure
of the gas market in the BUYER’s country. One example:

Residential Power
and Industry Generation
Gas Market commercial
segment
45% 30% 25%
Best i e e i G
alternative fuel Gas oil Gas oil Coal
45% 10% 20% 15% 10%
Gas price
formula P=P0*(55%*G0O/G0O0+35%*LSHFO/LSHF00+10%*C/CO0)

TPA 312 TPA Toolbox Energy Book 5 - Gas {9@
b
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Competing fuels weighting factor in LT pricing

Western Europe

Crude Oil
4%

Inflation
2% :
Fixed Heavy Fuel Oil

59, 30%

Coal Price

3%

Electicity

Price
1% r

Gas Price _
59, Gasoil
50%

313
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Price Reviews

(Important aspect to cover Price risk)

¢ Price Reviews may be triggered every 3 to 5 years (usually on the 1st of October) by

either Party, and shall be justified by:

» A change in the « economic circumstances in the country of the Buyer » ...
» This change shall be beyond the control of the Parties;

» The change shall impact the value of the natural gas in the end user market of the Buyer;

»« The Buyer shall always be able to market the gas economically

¢ Changes taken into account have to occur during

TPA

Sharing Experience

the « Reference Period ».

314
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Gas Price indexation on Oil will become less
and less important in the future

TPA 315 TPA Toolbox Energy Book 5 - Gas {9@
b

Sharing Experience



Weighting Factors are changing upon Time
Example: From 2005 to 2017

TPA

Sharing Experience

5 100% -~

]

©

E 80% -

o £

@2 60% -

—S 40% -

ol =

)

= 20% -

=

w

=2 0% - — ; i

° Oil Price Escalation Gas-on-Gas Competition
m 2005 w2007 m 2009 m2010 m2012
w2013 w2014 2015 w2016 w2017

Note: Oil Price Escalafion = prices linked, usually through a base price and an
escalation clause, to competing fuels, typically crude oil, gas oil and/or fuel oil.
Gas-on-Gas Competfition = prices determined by the interplay of supply and
demand — gas-on-gas competition — that are traded at physical or notional hubs.
Sources: IGU Wholesale Gas Price Survey — 2018 Edition

Source: International Gas Union (IGU) 2018 516 TPA Toolbox Energy Book 5 - Gas



Weighting Factors are changing upon Time
Example: From 2005 to 2017

100%
80%
60%
40%
20%
0% 2

2005 2017 2005 2017 2005 2017 2005 2017 2005 2017 2005 2017\ 2005 2017

orth America Europe Asia Pacific South and Eurasia Africa ‘ Middle East
| Central America
m Market pricing » Oil indexation u Other

Source: IGU (2018), Wholesale Gas Price Survey 2018 Edition.

Gas-to-gas competition increased in most regions with the development of market pricing, especially
in Europe where it massively replaced oil indexation.

TPA Source: IEA 2021 — Gas Market Liberalization 317 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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LNG Import Contracts

Oil — indexed vs Gas - to — Gas Pricing

= g

200

150

100

50

0

S

Source: IEA Global Gas Security Review 2020
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LNG import contract volumes with oil-indexed and gas-to-gas pricing by region and country, 2015-25

Gas-to-gas Indexed

6 0 A B0 O N A D kD
A R L

PRPPP PP PP
DAfrica WAsia Pacific (excl. Ching) @©Central and South America ®China OEurope ©Middle East  mMNorth America
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LNG Import Contracts
Qil Price Escalation (OPE) vs Gas — on — Gas (GOG) Pricing

Sharing Experience

Figure 4 - World Price Formation 2005 to 2025 - LNG Imports

100% 50.0%
A40.0%
75%
]
30.0% =
-
50% *'2‘-
20,05 )
o=
25%
10.0%
0% 0.0%

Wy =

o o @ w @ =
B EEEEERERR:

= =)

2018
2019
2020
20
2022
2023
2024
2025

@ oPe @ GOGTraded ) GOGSport () %SpotLNG

Source: IGU Gas Price Survey 2026 319 TPA Toolbox Energy Book 5 - Gas



Evolution of Natural Gas Prices 2005 - 2022

A huge jump in 2022: Invasion of Ukraine by Russia

$/mmBTU

40 | | | | | | |
Gas Prices 2022:
US Henry Hub : 6,5 $/Mbtu
German Import Price : 24 $/Mbtu
UK NBP : 25 $/Mbtu

30 Netherlands TTF : 37 $/Mbtu
Japan Korea marker : 34 $/MBtu

20

10
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rd

e T —— T

——

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2m7 2018 2019

2020 2021 2022

= |apan Korea Marker (JKM) Average German Import Price K NEP = Metherlands TTF Index = |5 Henry Hub

Source: El Statistical review 2023 320 TPA Toolbox Energy Book 5 - Gas
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Evolution of Gas Prices 1984 — 2025

A huge jump in 2022 for Natural Gas & LNG (Invasion of Ukraine by Russia)
followed by a sharp decline in 2023

@) Natural gas rrices

Ammonia
L5 dollars per milliom Biu Sk

LG Matural gas
S dollars per million Bitu

Japan Eorea
Marker Chima® marker® us| us Gulf Coasts

(Platts JKM) (Mainland)  (Platts WIND Henry Hub*
1984 510 — — — - — — — - — — — —
1985 5.23 — — _ _ _ _ — _ _ _ — _ —
1986 410 — — - — — — - - — 116 88 —
1987 335 — — — - — — — - - — 140 102 139
1988 3.07 3.16 - - - - - - - - - 130 160 131
1989 310 3.22 — — — — — — — 1.70 106 120 75 121
1990 349 3.82 - - - - - - - 1.64 118 135 88 153
1991 381 3.62 — — — — — — — 149 125 129 106 163
1992 3.45 3.49 — — - — — — - 1.77 110 113 86 120
1993 337 3.25 — — — — — — — 212 128 120 99 129
1994 3.05 2.98 — — - — — — - 1.92 190 185 159 197
19495 3.29 3.50 - - - - - - - 1.69 217 231 191 239
1996 3.47 3.76 — — - — — 1.87 - 2.76 207 2 175 214
1997 370 3.7 - - - - - 1.9& - 2.53
1998 292 2.82 — — — — — 1.86 — 208 H "
1999 3.01 297 - _ - - _ 1.58 - 227 Gas Prices 2025:
2000 4.48 471 — — - — — 2.71 - 4.23
2001 439 4.81 — _ _ — _ 317 _ 4.07 US Henry Hub 3 5 $IMbtu
2002 4.09 417 — — — — — 2.37 — 3.33 ’
20032 457 4.87 — — — — — 3.33 — 563
2004 4.94 561 — — - — — 445 - 5.85 UK NBP 11,7 $IMbtu
2005 5.79 T 20 — — — — 71 FARI 5_81 8.80
2006 6.87 8.52 — 3.23 - — 763 7459 7.26 574 $
2007 749 &8.85 — 399 — — 509 5.98 5.90 595 Netherlands TTF 11,9 letu
2008 12.21 1298 — 5.44 - — 10.78 10.66 10.67 8.84
2009 &80 10.07 5.28 4.as - - 484 473 491 392 Japan Korea LNG 12,2 $letu
2010 10.549 960 IT2 6.20 F.00 T23 661 6.52 a5.69 4. 38
2011 1437 12_.25 14.02 9.07F 12_.76 10.61 914 900 918 3.99 $
2012 1617 14.29 1512 1077 1293 10.75 939 9.4z 9.37 2.75 SOUth Korea LNG 10,8 IMbtu
2013 15.54 1449 16.56 1115 14.97 12.61 10.52 10.60 10.52 372
2014 15.74 15.82 1386 1176 1318 10.849 8.13 8.22 8.11 4. 34 =00 = =19 =] 53]
2015 102 10.54 7.45 .86 7.42 6.33 B.41 5.52 545 2.61 458 479 426 477
2016 6. 77 6.82 5.72 6.54 5.68 437 450 465 453 2.81 280 316 274 329
2007 7.85 T.B3 7z 7.33 6.98 5.94 =1 5.78 5.71 2.96 283 342 281 314
2018 9.74 9.97 9.76 9.43 9.34 7.95 7.54 797 7.88 312 314 354 310 3561
2019 Q.75 9.57 5.49 915 517 471 4. 39 4. 45 4 45 2.51 250 297 237 291
2020 764 747 4.39 6.73 413 319 3.07 317 313 1.99 236 263 221 277
2021 9.90 10.56 18.60 10.66 17.37 1618 15.57 15.45 15.67 3.84 952 945 =11 833
2022 16.86 20.47 33498 15.58 31.85 3274 3096 2455 37.09 6.38 1174 1242 1043 1000
2023 13.24 15.56 1377 1212 1314 12.25 12.69 12.30 12.87 2.53 507 542 433 501
2024 11.69 11.95 11.91 11.03 11.459 10.74 10.284 10.69 10.89 2.25 439 527 367 417
2025 11.12 10.80 12.16 10.14 11.84 11.42 11.79 11.65 11.89 3.53 509 571 400 363

1 Source: EDMC Energy Trend, bp analysis to 1987. From 1988, &P Global Energy. ©Z026 by S&P Global Inc.

? Source: 5&F Global Energy, ©2026 by S&P Global Inc.

3 Source: KI5 Heren Energy Litd to 2004, Froem 2005, S&P Glebal Energy. ©2026 by S&P Global Inc.

* Source: Us Energy Information Administration (ELA) o 2004. From 2005, 5&P Global Energy. ©2026 by S&P Global Inc.
® Source: 3&P Global Energy, ©2026 by S&PF Global Inc, CFR $5mt.

ESource: S&P Slobal Energy, ©2026 by S&P Global Inc, FOB $/mtt.

Note: cfr = cost+freight (average prices), fob = free on board (average prices)

TPA Toolbox Energy Book 5 - Gas
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TPA Source: El Statistical Review of World Energy 2025
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Evolution of Monthly Natural Gas Prices
Dec. 2024 — March 2026

28 130

26
24 8L 110

20
18
16
14

LISE MM Biu
USE/bl

1d

& o 0O

Fad

o0 -10
Dec24 Jan25 Feb2b Mar2h Apr25 May2S |Jun2S 25 Aug?S Sep2h Go25 Mov2h Dec2S Janle Feb26 Mar26

— WWE LNG [LE3/MMBLu) — Dated Brent (US$/MMBtu) — Dutch TTF{LSSMBBLU) — WIM LNG [USS/AMEBU)
— GCM LMNG (LSS MR Bt JEM LWG [USS/MMEBEL]) — HHub Singapare 1630 — Aszumed Henry Hub contract price
— Dated Brent (L5$/bbl) ICE Brent (U54/bil) US$/MMEtU Mo (US$MMBtu)

MNaote: Assumed Henry Hub Term Contract Price = HH*115% + USE2 75MMBtu
Lource: 5&P Global Energy

TPA Source: IGU - World LNG Report July 2026 322 TPA Toolbox Energy Book 5 - Gas ‘9@
b
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Henry Hub Prices (US Gas Price Reference) - 2014-2026

$/MMBTU TotalEnergies
10
= NYMEX month ahead Note: 2025 average price = 4,5 $/MBtu
equivalent to 26 $/boe
3 Yearly average (and 2,4 $/MBTU average in 2024 , or 14 $/boe)

Average over
[Jan-Dec 25]
- Na,0Jan-26

Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26

TP A Source: TotalEnergies-Feb. 2026 323 TPA Toolbox Energy Book 5 - Gas {9@
_ b
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Record Lows in 2020 due to Covid. Peak at # 100 $/Mbtu (# 600 $/b) in September 2022!

Natural Gas Pricing Jan. 2020 — Nov. 2025

USD (real) per MMBEtu

120 Reports of sabotage on the Mord Stream
pipelines and threaks to energy infrastructure
as Europe roiled under heabwaves
100 ™,
*,
Onset of Russia-Ukraine war \‘«\
80 heightens concerns over N,
Russian pipeline supply -
\._ A cold snap in Europe
ortage of spokt 4 and uncertainty aroun
i EU storage btargeks
carq_:ll-;es amidst :EXt:ETEE COnset of lIsrael-Hamas war 9 e
40 told causes price spike results in price pressure with
shut-in of Tamar gas feld
Forward curves
< >
20 hd
= —
ﬂ L
o O o o o0 o ™ ™ +— +— +— +— 64 ™o o/sdoed o oM Mmoo Mmoo ST T o s o= oo W W o b b L
s B VD VI S I O VB I U VI L I S SR SR R G U - B U
25 2 2§ g o5 225 s o> g5 3253552090538 3
gEE—u'E'EE:EE—h'E'EgEE—.'E'EE:EE—h'E'EgEE—u'E'EEEEH'E'E
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Henry Hub =———LNG Northeast Asia =—TTF

NMote: Forward curves outline Futures conkrackt pricing For each benchmark and are not a forecast.

Source: International Gas Union (IGU) Global Gas Report 2025

IRystad Energy

Source: Rystad Energy, Argus (LMNG Northeast Asia)
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Gas & Electricity Prices evolution in Europe 2020 - 2025

TPA 325 TPA Toolbox Energy Book 5 - Gas {9@
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Monthly German Border Gas Prices Evolution 2020 - 2025 ($/Mbtu)
The impacts of economic & geopolitical turmoils are great
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Monthly Wholesale Electricity Prices France 2020 - 2025 (€/MWh)

The impacts of economic & geopolitical turmoils are great

500
480
460

300
280
260

120
100
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2020 2021 20 2023 2024 2025
Average  (€/MWh)
2020 32,2
2021 108,8
2022 275,1
2023 97,2
2024 58,0
2025 63,2
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Strong correlation Electricity Price/ Gas Price in Europe (€/MWh)

The impacts of economic & geopolitical turmoils are great
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LNG Price indexation: markets’ trend

Atlantic Basin Asia
\ uUs Europe |
YeSterday’ Spot HH Pgas = f(Poil products) . Strong crude indexation
| (JCC)
Today > Spot HH North : Spot NBP l Crude disconnect
South : Pgas = f(Pgrent) | (low slopes + ceilings)
Tomorroy» Spot HH Spot 1 New Mar%rbitrage |
... but with |
? Crude
short term correlation: HH/NBP Disconnect
long term correlation: HH/WTI - NBP/Brent
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IEA 2025 Gas & Fuel Prices vs Scenarios

STEPS

UsD (MER, 2024) 2035 2050 2035 2050

IEA crude oil (USD/barrel) 79 29 106 20 76 33 25

Natural gas (USD/MBtu)

United States 2.2 4.5 5.0 3.9 4.6 2.1 2.2
European Union 10.3 9.1 10.6 6.5 8.4 4.2 4.0
China 10.3 9.9 11.2 7.5 9.1 4.9 4.8
Japan 13.5 11.2 12.9 8.4 9.7 4.9 4.9

Steam coal (USD/tonne)

United States 56 56 53 41 41 25 23
European Union 112 92 82 78 (1) 47 39
Japan 151 112 105 100 84 57 49
Coastal China 131 115 105 99 84 59 49

Motes: CPS = Cuwrrent Policies Scenario; STEPS = Stated Policies Scenario; NZE = Net Zero Emissions by
2050 Scenario. MER = market exchange rate; MBtu = million British thermal units. The IEA crude oil price is a
weighted average of import prices among I[EA member countries. Natural gas prices are weighted averages
expressed on a gross calorific-value basis. The US natural gas price reflects the wholesale price prevailing on
the domestic market. Natural gas prices in the European Union and China reflect a balance of pipeline and
liguefied natural gas (LNG) imports, while the lJapan gas price is solely for LNG imports. LNG prices are those
at the customs border prior to regasification. Steam coal prices are weighted averages adjusted to
6 000 kilocalories per kilogramme. The US steam coal price reflects mine mouth prices plus transport and
handling costs. Coastal China steam coal price reflects a balance of imports and domestic sales, while the
European Union and Japanese steam coal prices are solely forimports. Wholesale prices exclude any emissions
pricing applied at the point of use.

Source: IEA WEO 2025 330 TPA Toolbox Energy Book 5 - Gas
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Evolution of national gas markets
towards liberalization & globalization
The History
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Liberalization of the Energy Markets

Sharing Experience

The liberalization of the Energy Market means the opening of the Electricity and Gas Market to free
competition. This has broken up existing monopolies and opened the market to more participants.

In most cases, liberalization was accompanied by unbundling, which made a distinction between
generation, transmission and distribution/retail in the Energy sector. The aim was to make
Electricity supply more efficient by integrating competitive forces where possible and by integrating
regulation where necessary.

In Europe, liberalization began in 1996 with the adoption of the first European Directive. The legal
basis of the liberalization and harmonization of the EU internal energy market is the Treaty on the
Functioning of the European Union (TFEU). The aim was to create one single integrated internal
European Electricity Market across all EU member states to reduce overall grid costs and benefit
from synergies in the security of supply.

The process is a long one. During the following decades, the regulations on liberalization of Energy
markets were reinforced with the second Directive and later the 3rd revision of the Energy package
and the Energy Union Winter Package, which strives to achieve a fully-integrated,
further decarbonized electricity market and ensures security of supply through

solidarity and cooperation between EU member states.
333 TPA Toolbox Energy Book 5 - Gas {9@
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Liberalization of the Energy Markets
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Vertically Integrated Utility

Before

|. w}:”fﬁ'l'r?"./f:?Ff)i"

Generation

Transmission

Distribution

Retail

Customer

After
Liberalization
Generation Generation Generation Generation
Company Company Company Company
l I
Transmission
I | I
Distribution Distribution Distribution
Company I_ Company _I Company
| l
Retalil Retail Retalil Retail Retail Retail
Company| |Company| |Company| |[Company| [Company| |Company
| | [ | [ |
Customer
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Evolution of national Gas Markets
towards liberalization & globalization
The History
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Markets liberalization and globalization: what are the key
differences between Oil and Gas & Electricity ?

Oll and Gas can be qualified as Primary Energies. Electricity is not a Primary Energy, it is produced
through industrial tools: power plants, solar farms, wind farms,....

Oil
¢ Is a concentrated form of energy: twice more energy per cubic meter or per ton than most
powerful explosives.

Gas

¢ Is a diffuse form or energy: thousand time less energy than oil per normal cubic meter... but
nearly same energy amount per ton.

Oil
¢ Is liquid, therefore easy to handle through interruptible and flexible chains.
Gas

¢ Is gaseous, therefore difficult to handle and requires practically non interruptible and rigid
chains.

TPA 336 TPA Toolbox Energy Book 5 - Gas

Sharing Experience



Fundamental consequences for Gas Economics and Gas Marketing

MAJOR CHALLENGE
0 How to « concentrate » the diffuse energy of natural gas, i.e

0 How to increase its volumic energy density:
a Pressure ( practical range from 70 to 200 bars)
o Temperature (liquefaction at -160°C)
a Chemical processes (methanol, ammonia, GTL)

a0 MAJOR CONSTRAINT

0 Wathever type of « concentration technologies » is used, on average
Gas logistics are more than five time more costly (per unit of energy)
than Oil products logistics.

TPA 337 TPA Toolbox Energy Book 5 - Gas {9@
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Oil and Gas Markets: how do the fundamental differences impact
liberalization and globalization ?

0 Because costs for Gas logistics are five times higher than for oil:

o Natural monopoly is a far more important phenomenon for Gas than
for Oil

a Markets liberalization is far easier for Qil
a Market globalization is also far easier for Qil

a For Oil the FOB versus CIF value difference is small, making market
globalization easy (including pricing).

0 For Gas the FOB versus CIF value difference is high, making market
globalization difficult (including pricing).

0 Similar differences impact the whole « value chains » for Gas versus Oil.
TPA Toolbox Energy Book 5 - Gas
TPA P
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Oil and Gas markets: the fundamental differences on economic values
and therefore on pricing

0 Gas is fully substituable for all its Markets... while Oil is not: this is the
key point about their respective economic values and pricing systems.

0 Gas can enjoy premiums on certain specific Markets (Electricity
generation, domestic usages, clean industries...) but can always be
substituted by oil products (ceiling value: LPG’s or light distillates... or
+ 150% Oil parity).

0 Oil has 70% of its markets « not substituable »: 50% for transports, 10%
petrochemicals, 10% others. « Not substituable » is an easy word for «
very difficult to substitute » (i.e. substitution only possible at very high
cost and with a long lead time).

TPA 339 TPA Toolbox Energy Book 5 - Gas {9@
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Main Gas Infrastructures in Europe
A dense, heavy, interconnected industrial network

O Marcheés d’Europe du Nord >3- (@] 2~
ot du Sud-Ouest -

-
O Hub notionnel A
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An example of Gas Market liberalization:
the European Union

QThe historic background
QThe basic reasons for change
aThe rules yesterday, today and tomorrow

aThe challenges and potential risks

TPA 341 TPA Toolbox Energy Book 5 - Gas
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Pre-opening organisation: the Gas Club

The European Natural Gas
Grid 2004

|y
SN ‘ﬁ_ﬁ)ISTRIGAs

L

LV 4N

s‘ Gaz de France

)
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Gas infrastructure = Natural monopolies

BUILDING = HUGE
DISTURBANCES
. INVESTMENTS
(Ex = Road, River SAFETY
crossings) ISSUES,
permanent
Right Of Way

——

To build to the minimum required
To use to the maximum extent

To grant building and operations to qualified and
experienced companies

TPA 343 TPA Toolbox Energy Book 5 - Gas
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Monopolies: a variety of historical situations

0 Seller or Buyer is a state company:
a Gaz de France (now ENGIE), British Gas
Q Seller or Buyer is a private company with a monopoly granted by the
State:
2 Gasunie, Distrigaz

0 Monopoly may cover:

o A geographical area where gas company has an exclusive right to
sell gas (national borders, demarcation areas in Germany)

o A class of customer (Gasunie, SNAM)

o Both as was the case for GSO (Gaz du Sud-Ouest) and CFM
(Compagnie Francaise du Méthane) in France.

TPA 344 TPA Toolbox Energy Book 5 - Gas
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Long term contracts = Vertical integration
The key to the «gas club» success story
A
S
]
=
B
et
B
T

Buyer does not need to go upstream as
he has secured sourcing

Delivery
Point

=

=

=

® Seller does not need to go downstream

v as he has secured outlet

Life was simple... why did we change a system
which worked well ?
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Reasons for change

aPost war organization in infringement of EU Treaty:

2EU / Rome Treaty (Article 81 and 82) deals with competition
rules:

aPeople and goods shall move freely within EU, without any
restriction or barrier. No competition distortion.

QProgress achieved in the development of the EU Gas Market
(see above) no longer justify such exemption.

0 Merchant monopolies may abuse of their exclusive position.

CHANGE DRIVEN BY POLITICAL CONSIDERATIONS

TPA 346 TPA Toolbox Energy Book 5 - Gas (9@
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Evolution of Natural Gas markets towards liberalization

TPA
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: PCﬁange in Gas Industry
Lower Prices to Industrial Customers
Competition and Liberalization

Restructuring for Competition

~Create more players

~Insist on separation of natural monopoly elements

»Abolish monopoly/dominant positions

~Principle 1
~Principle 2
~Principle 3
~Principle 4

Liberalization of Gas Markets
Choice of market entry
Equality of Market Opportunity
Non-Discriminatory Access to Unbundled Services

Transparency of Prices, Costs, Availability of Services

, vclusive rights to produce,
ort/export, transport, distribute,
construct facilities

347

equ:table charges for
rvices through transparent
methodology
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Changes

Nothing better than competition to drive price down when it is
feasible !

Gas
molecules

: Gas
infrastructures

348 TPA Toolbox Energy Book 5 - Gas



Third party access: a revolution !

If competing sellers are to reach one buyer through the
same Gas infrastructure, they should be allowed to get
access to such infrastructure

2

<&

Common Infrastructur;\
in access to third =

parties

TPA 349 TPA Toolbox Energy Book 5 - Gas
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Third Party Access: a revolution !

0 To define available capacity (not contracted... or not used?).

0 To define rule of access (First come - first served, pro-rata,
priorities).

Q To define rule of use (Communications, Nominations, Quality
issues, Balancing)

0 To define tariffs (Point to point distance related, entry - exit,
post stamp - related to capacity booked only or to capacity
booked plus use of such capacity)

A totally new concept for Gas companies who, prior market opening, were sole
users of their grids and did not accept third party to ship as in their grids

TPA 350 TPA Toolbox Energy Book 5 - Gas ‘9@
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Access

0 GRIDS and LNG:
o Conditions of access and use, and corresponding tariffs are REGULATED
o A regulator has to approve contractual conditions and tariff and tariff
methodology is to be published.
0 STORAGE (+ Line pack and ancillary services)

o Conditions of access and use, and corresponding tariffs are
NEGOCIATED.

2SSO has to publish the main commercial conditions for the use of the
storage.

Access must be transparent and non-discriminatory.
TPA 351 TPA Toolbox Energy Book 5 - Gas ‘?@
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Control

a Creation of national regulators for:
o Regulating access to grids / LNG facilities

o Addressing complaints against the natural monopolies by shippers
who claim to suffer from discrimination, lack of transparency.

0 Unbundling of activities along the gas chain

o Legal unbundling: Transmission system and Distribution system
operators shall be each independent in term of legal form,
organisation and decision making process from the other parts of a
vertically integrated gas company.

a Account unbundling: Separate accounts shall be kept for each of
Transmission, Distribution, Storage and LNG activity.

2 Ownership unbundling.
TPA 352 TPA Toolbox Energy Book 5 - Gas
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European Gas Hubs

TPA
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: 2 — AT
gj {:@/\gmuuss \

7

| PEG—Gas Exchange Point (FR)

e

NBP-—National Balancing Point (UK)
ZEE--Zeebrugge Platform (BE)
TTF-Title Transfer Facility (NE)

NCG-Net Connect Germany
GPL-—Gaspool (DE)

CDG--Single Balancing Point (SP)
PSV-—YVirtual Exchange Foint (IT)
CEGH--Central European Gas Hub (AU)

E mature
[_. trade

Source: (Melling, 2010)
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Market liberalization - European schedule

1999 Madrid process
Eligibility
Minimal Opening granted to 100 %
Gas . market
20 to 28 % non-household opening
customers
Febr. : 5 5 5
1997 E E E . July | Jul
EleCtI'ICIty Gas Deadline Deadline ond 2004 2007
Directive _ _ Electricity Dir.g Gas Dir. ¢ _
Directive glmplementationg Implementationg Directive
Electricity - _ Eligibility 100 %
Minimal opening granted to
30 to 35 % non-household marlfet
customers opening

3rd Gas Directive 2009

1998 Florence Process
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Eligibility: the whole market at 01/07/2007

Sharing Experience

All end

Non
Households

customers

|
i

|

|

|
|

’/000

>«

—&— Directive 1
—m— Directive 2

-

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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Regulators in the EU
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The Energy Market in the EU & France

Situation 2019 - Key Dates

2
g
2

1996,1998, 2003 [ 1° enengy guidelines

» Free choica of suppler for consumers

» Freedom of establishment for producers

» Non-discriminatary, transparent and
reasonably priced accass right for all
network users

THE MARKET

2006 2007
? L] L ]
N Decamber [ In electricity,

of ATE  » 652,000 Bmers

: with alterngtive market supaliers
. ard 416,000 in gas
¢

o

Emergy and climate package, 3x20 ohjective
» Increase the share of renewable enangies
in the European energy mix to 20%
» Reduce oy 20% the CO, emissions
of the countrias of the Unian
» Increase energy efficiency by 20% by 2020

3° Energy package

» Fixing of the distribution prices by the regulators

« Creation of the European Agency for the Coaparation
of Enargy Regulators (ACER)

+ Development of the Eurapean network cades

Uecember | Law Nome

« Creation of a regulated access end tariffs for eccess to
hiztoncal nuclesr anengy (ARENH) for ebectricity supplers
Suppreszion of regulated tariffs for non-residential
custemers with 3 subscribed power greater than
36 VA &5 of 31 December 2013

» Strengthening the CRE supervizory pawers
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2012 03 014 2015 2016
] [ ] [ [ ]
| ] L ] L] - 4 F
Llecemier | In gas, 1./ million * January | 3 milkans 17 January |
of residential customers with | customers in Extinction of

an attemative market supplier and 3.5 million in

and 2.1 in electricity

Cior

MEE N

EHUF becomes

March | Loi Hamen
+ Remaval of reguiated natural gas tariffs for non-residential customers
cansuming mose than 30 MWh per vear as of 31 Decamber 2015

LI

requlated tariffs

of prefessionalz.

millicn and

8rs in gas with an

August | Energy transition law
» Reduce greenhouse gas emissiens and final energy censumgtian
» Increaze the share of renewable energies in the French energy mix

o 32% by 2030

» Reduce by 50% the share of nuclear power in electricity generation by 2023

]

Proposals from the European Commission: clean energy package
for all Europeans
+ Review of the European electricity legislation;
+ Maintaining the competitiveness of the European Unica in the context

of changes in global enengy markets by transiticning ta clean energy;
» Strengthening the integration of markets, the role of consumers,

the place of renewslle energies;
» 3 ohjectives: priaritize energy efficiency, echieving & keadership

n ren=wabiz enary, empowening consumers;
» § legislative proposals relating to the govemnance of the Energy Union, the
arganization of the electricity market, the mizsions of ACER or security of supmfy.

TPA Toolbox Energy Book 5 - Gas

é

Proper energy package for all Earopeans

» Further negodiations betwaen Council
and Parlizment;

» Decision by the Council of its pasiticns
on 4 legislative proposals (governance
f the Energy Unian, renewabis energies,
electnicity internal masket);

» 3,000 amendmenits tabled in the European
Parfament, some of which reflect the idezs
defended by the CRE.
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Gas and Electricity Markets
towards liberalization have been moving
slowly since the implementation of the
European Directives 20 years ago.

Freedom to get access to Gas or Electricity

suppliers is fully operational, but Gas and
Electricity prices have not decreased during

the last decades and continue to be subject to
geopolitical turmoils
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European Power Exchanges

Power Exchanges organise trading and operate markets.

Power Exchanges offer a trading platform to their exchange members. The
members connect to this platform and submit orders for buying and/or selling
power, which are registered in an order book. These orders reflect supply and
demand for a specific market area at a certain moment in time.

Based on the order book, Power Exchanges calculate a market price. Since the
trades result from a large, open and transparent competition between the orders
of the Exchange members, they reflect the best information available at the time
under the market conditions. They are hence the most reliable prices available for
electricity in short-term delivery.

By matching supply and demand, Power Exchanges ensure a transparent and
reliable price formation, and they make sure that the traded electricity is delivered
and paid.

359 TPA Toolbox Energy Book 5 - Gas F@
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The Electricity Market in France
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In 2023, a large number of Natural Gas Suppliers

22 fournisseurs proposent
des offres de gaz aux clients
résidentiels

34 fournisseurs proposent
des offres de gaz aux clients
non résidentiels
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Source : énergie-info.fr, Analyses CRE
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In 2023, a large number of Electricity Suppliers

TPA
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35 fournisseurs proposent des

offres d’electricité aux clients

résidentiels 43 fournisseurs proposent des

offres d’électricité aux clients
non résidentiels

Gazelnergie Eleckriciteé
de Bovole_

el

O Valterres .
“enovos
G orimee
coco N GAZENA

SOLVAY

Source : énergie-info.fr, Analyses CRE
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Example of challenging gas projects:
Shtokman & Yamal
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. Example of challenging gas projects: Shtokman & Yamal
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The Shtokman Project
The History
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Shtokman - Innovative partnership with Gazprom as Leader

RUSSIA

BARENTS
SEA

SWEDEN E
© Murmansk

FINLAND

© HELSINKI KHARYAGA
Petrozavosk
[+ o o) Narygn ow
St Petersburg Arkhangel'sk

Usinsk

¢ Discovered 1988, GIP: 3700 Gm?3

¢ Partnership
« Gazprom 51%
« Total 25%
« Statoil 24%

© MosCow

©Voronezh

¢ Markets :
et = LNG
=2 » Export to Europe via Nord Stream

e = Domestic market

"""""

¢ Phase 1 milestones (24 Bmdly.)

= 2008/2009 : FEED
e = 2009/2010 + : FID

- [ « > 2016 : Gas production & LNG Export

Harsh Conditions

TPA
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High value-added partnership

Phase 1: 3 clusters (20 wells)
SPAR, FPU or TLP
580 km pipe multiphase

-

Murmansk Terminal
1 train LNG 7,5 Mt p.a. (Ph. 1)

¢ Addressing together main challenges : technology,

environment, marketing..

¢ Technological & financial risks sharing over 25 years

366
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Shtokman : largest known undeveloped offshore gas field

Offshore Development Scheme

130 kt / 330 m long

[ Disconnectable FPU ]
[ 2]

6 infield flexible
14” risers

FIBRE OPYIC

6 X 16°"ND FLOWLINES

4 export flexible
14’ risers

i

2 x diphasic
36” trunklines

367

= 500 km offshore,
350 m water depth

= Giant field 140 Tcf
of gas in place

\_ J
Development

= Plateau 2.3 Bcf/d
with 7.5 Mt/y LNG

» Planned start-up

in 2016-2017
\. J
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Russia: Shtokman Project phase 1

¢ Shtokman Development ag:
« Gazprom 51% - SMNG (Gazprom) holder of the Shtokman license
« Total 25%
» StatoilHydro  24%

¢ Proposed development plan:
« Offshore floating production unit - 20 production wells
» 600 km sea line with dry 2 phases transport
= Onshore: LNG plant and pipe gas treatment plant

¢ Development in harsh arctic offshore

» Gas & Condensate field, 120 Tcf gas in place (Full Field = 50 years of
France's 2007 gas consumption)

» 600 km from shore = most remote offshore development

» Technically challenging in extreme weather conditions & sensitive
ecosystems

¢ Phase 1 development

» Production 23,7 Gm3ly:

o 7,5MTly, LNG to US market

« 11 Gm3ly gas pipe (Western Europe + 5% local market)
» First gas: 2016 +

TPA 368 TPA Toolbox Energy Book 5 - Gas ‘9@
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Shtokman: balanced relationships

¢ Tailored licence scheme 0
C‘)EHZPI!I]M

¢ Tailored operating scheme @ ToTAL

¢ Risk sharing StatoilHydro

¢ Reward sharing

m Shtokman
P | - .

Building Mutual Support
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Due to the its complexity and the evolution of the world
gas market, as of mid 2012, the Shtokman project was
reviewed by the partners and put on stand-by.

Statoil then transfered its share to the Consortium.

On 24 June 2015, Total announced the transfer of its
25% interest share in the project to Gazprom.
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The Yamal Project
The History
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The Yamal Project
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Nota: In 2015, Total transferred their share of Shtokman to Gazprom.
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Sharing Experience

The Yamal Project

— NOVATEK ~— M ToTAL International Partners

80%
-> 51%

¥ Yamal LNG

Partnership as per september 2015: Novatek (60%), Total (20%), CNPC (20%),
Silk Road Fund (9% taken from Novatek, which share is now 51%)
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The Yamal Project

TPA

Sharing Experience
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The Yamal Project

Total in Russia: Yamal LNG project

P A major gas & condensate field, an
integrated project

Project over ~1000 km?2, developing 3.9 Gboe HOU
with cut-off in 2045, 465 kboe/d at plateau § P
~ 44 tcf of
gas)

Polar Circle

Upstream: 203 wells on 35

well pads
LNG — Condensate production: 3 LNG Shipping: Ice breaking
trains each of 5 to 5.5 Mtpa (16 Mtpa) specifications
Port facilities Trading and Marketing
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The Yamal Project

Yamal LNG harsh environment

Weather conditions: North of
Arctic polar circle

- Kara Sea: free of ice 3 months /
year + land fast ice (ridges)

- Limited water depth in Ob bay:
dredging and discharge of
products / impact on fishes.

- Sensitive environment: slow

75N - growth rate of tundra / ground
) Sm(’k':a" w  sensitive to heat / 3 national parks
L & protected species /
-y i comprehensive Oil Spill
<3 é we Contingency Plan (OSCP) to
0° 15°E 30°E 45°E 60°E 75°E establish.

* Permafrost on Yamal:
continuous permafrost (active
layer: 0.5 to 1m / temperature: - 5
to - 9°C / thickness uncertain: 200
to 400 m)
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The Yamal Project

Yamal LNG ice breaker design

Ice Class ARC7 (Russian Classification)

« To ship through Kara Sea at all times
and in Northern Sea Route during summer

* Optimum Design capacity of #170,000 m3
Double Acting System concept
* Ahead: in open water, 19.5 knots bow forward in thin ice <1 m;

« Astern: 5.5 knots in 1.5 mice
+ Up to 2.3 m ice breaking capability

Winterization 15 Ice breakers

Use of experience from other existing projects For Yamal LNG
« Lukoil (from Varandey)

* Norilsk Nickel (from Yenissei)
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The Yamal Project

The Christophe de Margerie LNG carrier.

TPA 378 TPA Toolbox Energy Book 5 - Gas ‘9@
b

Sharing Experience



The Yamal Project

Sharing Experience

YAMAL LNG Carrier “Christophe de Margerie™ — Courtesy of SCF-GROUP
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The Yamal Project

TPA

Sharing Experience

Usine GNL de Yamal (Russie)
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With the invasion of Ukraine by Russia and its geopolitical and
economic consequences, the Yamal project is at stake for the
various partners.

Furthermore, Russia’s Gas exports are affected by Europe’s
ban as a consequence of Ukraine invasion.
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