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3 AREAS OF FOCUS TO MEET THE 2°C TARGET

Gt CO,

50 BUSINESS o7
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> More renewable energies
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A A N N CCUS Contribution
TODAY 2020 2030 2040 to 2°C reduction

= 6 Gt of CO,/year by 2050

CCUS Ciritical to Carbon
nevtrality
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CCUS TOTAL'S STRATEGY

MAY 2017

Climate

http://www.total.com/sites/default/files/atoms/files/i
ntegrating_climate_into_our_strategy va.pdf

CCUS, Critical

WTLEENRTIRG LN TR W70 DU §IRATERIY & 1§

to Carbon Neutrality

Technaology for carbon capture, wtiization and
slorege [CCUS) pleys-a vital role in the Int=mebonal
Energy Agency’s 2°C soenana, We shmre therl view
and are prepaning & strelsgy to encoursge sdvanoss
n CCUE techncloqy, both on cur own and through
parinerships.

In s 2*C sosnasio, the [EA assimes ot i bilion tona
of sarbon wil be caphirsd and stomsd sach, year by D060
GOUS tachnoiogy will e sriscal for mesting that goal and
indmad - achisving corhen neutrality during the ssoond
half of the cammiry. In the wake of COPET, 50 countries 1o
it have ihegrated COLS i thei cimate regulasona,
inchiding four couriries in the Middis Enst the Uniied
droh Emirntes Gadi Araben_ ran end Bolrein; ssvemal
mitver msjor energy produrers* Mocery, Gonods and
South Afice; and she wordd's bipgest emiter of G0y,
Ghera. Them i wideapread swarensss of the issus, b
technpingical progreos = sanensial # GOUS in to fusfill i
ovitical Fole in the [EA's 20 scenonia.

W fnve: nern activedy imvalved i thia fisdd for many
wnn}drmﬂﬁmmm-ywmﬂmghrmm
o reuming gur GO, emi Concuctsd k
mﬂwmik@mmmﬂmrﬁd
mmbustinn copture follived by storage 0 o converisd
measrvoir. It heiped un gain relsvant esperte, natably in
densigning a formal sppmval process for carban siorage.
Tocloy, we e siepping up our-effons & et our oa™
smisniona whie wa oloo develop sobrtions that con be
asppliod n ofher sectom, such os powes gensmtian,
cmment manufactinng and stesimaking. Accordingly, our
RAD budget for COUS has trioled in just fwn y=ars ond
i ewparied to svenhialy nocount for 109 of cur owerall
BAD bidgst, =mechiding specialiy shemizals FED

D GCUS RED ssmingy @ twe-pronged. One goal is
to improye sxisting technoiogy in ondes i teke quick,
concrets acdan; the second ia ino pursus- spEtBam
mmmwwmm
-:h.rmmﬁun., MO Cnak

end lean i

Ta culiivats these innovatons, we mve foned multiple
partnerships with univensiiss and ndusiny, ond wil
onirue to open o our CEUS AT Thad sommitment
includes participalion i Sy 03l 8 Gas Chmats Inabie,
wrhich bringa iogether 10 of the wosld's lamgeet ol and
pas cosparses. OE0 Chnate investremis will =armond
spproamat=ly helf of i unding for CEUES i=dhnology.
I 2077, wee sigred & Menoandum of Undemstanding
MO with Morway's Ministny of Petroleum & Energy,
Sheelll prvd Stetoll b fuin that courtry’s Technoiogy Certre
Mongiad. Opersted by stat=—osned Gaenoye, the
cerier han o capacty of 100,000 fore of carbon oo,
It alsa has Fdusirinl-scole facdities o mpeeve corbon
capiure procesess ond maks thern more refable, whis
cutsing their costy and evronmental impacts to sraue
I mdidifinn t developing mom advanced, cont-siacie
‘t=chnalogy, we need to oreste the sondibons inwhich
CCUS can Smye. In other wonds, we must comymcingly

participetion in the DGO oonssstent with. et agencn.

Milesionas

—= 1586 2010-2013 2014 + 2017 ~—>
W oo e L This OG0 w ebubdefaad and W B preernd 1 condec
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TOTAL LEADER IN CCUS TECHNOLOGY BY 2035

3
2

CCUS is an emerging Large scale CCUS
Industry representing TOTAL is working deployment may only
a business opportunity for environment be achieved via
on par with Exploration more favorable collaborative work and

& Production to the devel ; shared investment
Oof gcuegvseo?ﬁirgfsn costs (Public/Private)

= - \\ 1
N BE To contribute : ﬂ ¢ \

TOTAL will be e to developing : '
positioned along the | CCUS as an efficient }(\&
full CCUS value chain | business, TOTAL will first
and will offer a suite e focus on commercial
of highly competitive projects which could

solutions be scaled up
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HOW TO BE A LEADER ALONG THE WHOLE VALUE CHAIN®e

ee Be a major CCUS technology integrator along the value chain to participate
to climate change mitigation and prepare for new business opportunities oo

PROMOTE
DEVELOP INTERNAL COLLABORATIVE WORK BOOST INNOVATIVE
KNOW-HOW 8 PARTNERSHIPS TECHNOLOGIES
v v v v
Capture CO, Develop a portfolio
. :Lc:‘r:ec:::ri‘c;;.:‘rceeif orts Develop knovyledge of CO,-based pr9ducts Operate and manage
fi:lst polbti fa fore and op?erc_:honal 1hrouqh chemlcal. a CO2 storage project
y fo cap expertise in C92 or biological conversion at an industrial scale
sources (native CO, tfransport (pipelines with the objective
and low-hanging fruits and ships) to secure of targeting mass Leverage on TOTAL's
in the industry) the necessary link markets in the long term existing expertise
Develop disruptive bexzesr;;gp:eure Acquire fo solveislziéssforoge
technologies 9 operational expertise
to decrease capture on CO,-EOR
costs
Techno-economic . .
. Integrated Risk Social
& Environmental Performance -
Management responsibility

Management
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WORLD DIRECT CO2 EMISSIONS...OUR FOCUS

 Gas Power
* Industry in general with a special emphasis on Cement / Steel / Refining

34 Gt/year
1y —

Building, e
agriculture > | N

, ofthers...
14%

[ron & steel
38%

Power
40%

(GasPower 6%)
Pulp & paper

Aluminium 3%
4%

: | A E Technal
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CO2 CAPTURE : COST REDUCTION AND ENERGY PENALTY

Three pathways for CO2 capture. | Image courtesy of Gassnova SF

Flue gas Fcoz

CO, separation

Post-combustion
Separating CO, from flue gas

Oxy-combustion
Separating O, from air or
using oxidant in combustion

Pre-combustion
Separating CO, from feed stock | |  raw

Syngas
CO, separation

SOLVENTS

« Control or eliminate toxic degradation product emissions

* Reduce corrosiveness to allow use of cheaper materials
MEMBRANES

* Improve selectivity / permeability and robustness
OXY-COMBUSTION for gas power

» Develop high efficiency supercritical CO2 turbomachines
ADSORBENTS

e Improve material tolerance to water and contaminant

» Increase selectivity and working capacity (CO2_4. - CO2 .cor)
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CO2 CAPTURE : SPEEDING UP THE DEVELOPMENT OF
BREAKTHROUGH TECHNOLOGIES.

Commercialisation
c. HATCH
2

SOLUTIONS
P ( e BT

andsvert
environment-friendly solvent

‘ demonstration

TCM: technology
qualification

CHEERS Project

Chemical Looping Combushon Contaminant The world’s largest facility for testing
N '_. + resistant adsorbent ~ 9Ndimproving C92 capture
Europe- CeTna 1 technologies
9 Partn S~ '

TECHNOLOGY
CENTRE
MON(:.'gESTAD

New materials
QSPR approach

Fundamentals ?nvenrys-"'
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COQ TRANS PORT YARA SHIPS (3 ships): capacity |

1800 tonnes, operating conditions: -
30°C, 20 barg "

In the years to come (order of magnitude)?
Pipeline : 25 000 km in 2030 and 100 000 km in 2050
Need of ships from 30 000 up to 100 000 m3 — 10 to 20 new built / year in 2040

1 https://hub.globalccsinstitute.com/sites/default/files/publications/25906/transport-co2.pdf

Model physical and chemical behavior of CO2 with

Thermo- its impurities in order to design and operate a safe
ynamic . 0 . . c c .
. Rupning and cost efficient fluid carrier (pipeline or ship)
utilization Fracture ] OOOO
1000
. SOLID

Operation s?:ﬁz;ﬁ;n 100 F LIQUID

-é‘ Sublimation Point

Pipeline 2 10 -78,5 °C at1 atm , Tq\)-\d' X 905 \

()] . Critical Point
Compres- \ 5 o . 31°C at 72,9 atm

i \

o

(= Triple Point VAPOR/GAS

0.1+

-56,6 °C at5,11 atm

sion Dispersion
Pumping ‘

Flow 0.01F

assurance

0.001
-140 -120 -100 80 60 40 20 O 20 40 60 80 100

Temperature (°C)
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CO2 GEOLOGICAL STORAGE

Demonstrate that CO2 storage is an efficient and profitable tool to limit
CO2 emissions, while ensuring social acceptability

Technical CHALLENGES

Key collaborations
- UPPA, Pau University - France

- Mont Terri Lab. - Switzeland _ _
- LBNL = USA - Norvegian CCS consortiums

(SINTEF, NGI, etc.)

CaMI CO2 pilot — Canada
- Otway CO2 pilot — Australia

ONE R 8‘ D ECOCLIM Université Paris-Sud 11 - 14 juin 2018 10 } @ TOTAL



CO2 GEOLOGICAL STORAGE

Injecting CO2 into basin scale deep saline aquifers (salinity greater than that of
protected groundwater) is one option for the geological storage of CO2 in order to
reduce anthropogenic greenhouse gas emissions into the atmosphere.

Range of geological “storage” options for CO 5

1) Depleted oil and gas reservoirs —>  Capacity range: 670-900 Gt of CO,
2) Use of CO, in enhanced oil recovery (EOR)

3) Deep saline water-saturated reservoir rocks === Capacity range: 1000-10 000 Gt of CO,

4) Deep coal seams Source: IPCC, 2005
5) Use of CO, in enhanced coal bed methane recovery

6) Other options (basalts, shales, saline cavities, etc.)

Among worlwide CO2
storage ressources
identified, 97% are
prospective and need to
be matured.

Source: OGCl review 2017
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CO2 GEOLOGICAL STORAGE

PRINCIPLES OF CO2 STORAGE IN DEEP BRINE AQUIFER

CO, STORAGE MECHANISMS

v Flow transport:
* Modeling at basin scale
e Coupling methods,
e Computation time reduction
v' Geochemical aspects
» Modelling long term/large scale
trapping mechanisms
» Kinetics of dissolution
v Geomechanical aspects:
* Vicinity of wells modeling
» Multiscale failure process
modeling

o SOLUBILITY TRAFPING

bt
4 3
o STRATIGRAPHIC TRAPPING e
L

o CAPPILARY
RESIDUAL TRAPPING o MINERAL TRAPPING |Long term)

Source: From TOTAL
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CO2 GEOLOGICAL STORAGE

BASIN SCALE MODELING (~100X100 km) COZ2 INJECTION WELLS

Geology, flows, geomechanics, geochemistry Near well bore risks - Modelling CO2 injection in

6 km

-176m ) ) © 2500m

From S. Thibeau — Orleans 2009 WS - Aquifer modeling, Izaute et Miri & Hellevang, International Journal of Greenhouse Gas Cont  rol 2016
Lussagnet (France)

OPTIMIZE WELL CONSTRUCTION & OPERATION

GEOMECANICAL SIMULATIONS & Fault planes modeling
50km X 50 km moc!el: unstructured grid

Heat conduction SN

Ty miode) model

oy
1

Impact of p/T variations:

* Safe aperational windows.

= Effect of materials, fluids and coatings
SINTEF — NCCS consortium - 2017

enhouse Gas control - 2013
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LACQ AND ROUSSE: 15T EUROPEAN ONSHORE
CAPTURE-TRANSPORT-STORAGE

CO, injection i CO, transport CO, capture Natural Gas
production

CO, storage

___ Lacgsite
Industrial scale based on gas fired S
oxycombustion

30MWth
51 ktons stored until march 2013

Lacq deep gas reservo
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NORWEGIAN DEMONSTRATION CCS PROJECT

to develop viable,
reproducible
commercial CCS
model in view of
carrying out other
major projects

Start up 2023/24

CO, Storage:
Conceptual
and FEED
Studies

/ iy ol " SI.E

’

1.5 Mt co’;/y

CO, transportation by

ship

0¥
equinor %~ @ @ ToTAL

1
EGE:Bhergy i

Recydling
PlantfOslo

Yara Ammonia
plant -

| "
Norcenme= _ .
Cemént "33
~
Factory

First infegrated industrial-scale
project, supported by the
Norwegian Government

oNER&D
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TOTAL LEADER IN CCUS TECHNOLOGY BY 2035
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