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CO2 THERMODYNAMICS
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TRANSPORTING GAS BY SHIP - EXAMPLE OF LPG

e 3 alternatives:

Fully pressurized (max 18barg; min -10°C)
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» High flexibility E 4 ]
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Fully refrigerated (Obarg; -42°C) -40 20 0 20 40 80
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Low temperature and atmospheric pressure

Capacity up to 100 000 m3
Prismatic tanks

http://www.liquefiedgascarrier.com/Fully-Refrigerated-Ships.html
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® 3 alternatives?

WHAT ABOUT CO2

4 )

Fully pressurize emperature 10000

1000 |
\ _J SOLID
100 - LIQUID
4 N\ -E- Sublimation Point 15 barg; -26°C )"—
. . = | -78,5°Cat1at (s}
Semi-pressurized S 10 =L LR \
9 7 bara: -50°C Critical Point
- Semi-pressurized/semi-refrigerated state 2 ; ars. - 31,1°Cat 72,9 atm
» Control of both pressure and temperature § L
S Triple Point VYAPOR/GAS
\- J 0.1 -56,6 °C at 5,11 atm ¥
0.01
Fully refrigé 0.001
-140 -120 -100 -80 -60 40 20 0 2q 40 60 80 100
* Lowte n iC pressure T o
emperature (°C)
\ J
Igiﬁt ?Elslsrig;izic:gS:eth\e,setdricted Distribution 2020.11.12 - Maison de la Chimie - CO2 transport by ship ' @ TOTAL




EXISTING CO2 TRANSPORT VALUE CHAIN
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EVOLUTION IN SHIP CAPACITY

(" Current maritime transportationx (Northern Lights project 7 ( Future solutions
Transportation of CO2 is exclusively for Part of the Norwegian CCS Larger CO2 volume to be transported by
food and beverage industry demonstration project, including capture, ship

\5 Shlps bu”t ) Shlpplng and plpellne transport to Carbon Dioxide; Temperature - Pressure Diagram

ueservoir )

13-15 barg
e W pressure
7-8 barg
Source: Equinor/Northern Lights
Medium pressure condition Medium pressure condition Low pressUre solution
(15-18 barg, -22 to -30°C) (15-18 barg, -22-30°C) (7 bar, -50°C) >
Limited volumes (900-1850 m3) Volume 7500 m3 Volume > 10 000 m3

- 30-40 000 m3
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LOW PRESSURE: CHALLENGES AND STAKES

Advantages of Low Pressure transport conditions
(compared to Medium Pressure):

Enabler for bigger ships (larger cargo
tanks)

Lighter and more efficient ships
Increased liquid density
Overall cost saving up to 15%

Ships carrying Low pressure CO2 are non-existent.

The identified challenges are:

Increased risk of dry ice formation

Cargo tank design and arrangement

Control of liquefaction and
conditioning processes

18 bar;

Pressure

\ Triple point
-56,6°C at 5,1atm

»

Temperature

Goal : identify, mitigate and remove technical
show stopper to prove that low pressure CO,-
transport is a viable solution.
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ARCHITECTURE

9 Offshore intermediate storage
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Mooring Floating Storage
* Spread Moored With heatingand
* Riser (Flexible, Rigid, Hybrid)  pumping faciliies +
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'+ + 7barg,-50C,50,000m* * LoadingArms
Wellhead(s) * Tandem

Liquid CO2 Tanker Onshore Storage Pipeline * Bowloading

18 barg, -30°C, 7,500 m* With heating and 200 km

7 barg, -50°C, 50,000 m* pumping facilities .

Ex: Northern Lights

_____

Direct Offloading

= Offloading / Mooring
+ Turret (sTL)
H + Single Anchor Leg System (SAL)
| Y * Buoy | Y
+ Riser (Flexible, Rigid, Hybrid)
o -
AAAAAS PSP

Liquid CO2 Tanker
+ 18 barg, 30°C, 7,500 m?
* 7 barg, -50°C, 50,000 m*

Risers
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PIPELINE VS SHIP TRANSPORT

Advantage of ship transport
Scalability
Less CAPEX intensive

Drawback of ship transport

Unit cost of pipeline and ship transport (with onshore
unloading) for different flow rate 1,000 km distance

Unit cost [€/tC02]

Share of unit cost by of shipping and pipeline transport for
1,000 km distance and a 2 Mtpa flow rate

Share of unit cost

.. 80 4 75 31 28
More GHG emission 70 4 100% 2%
;
) 80%
50 | 16 B pipeline
8= A 3 4 Shi 60% -
Cost of transport is in favor of ship for 40 20 31 Bl shie B Caoex
; 30 | |27 28 24 24 d
Longer distance 2 17 40% [ Jopex
11
Lower flowrate 10 | 20% | Bl Fuel
0
0.5 1 2 5 10 0%
Pipeline Shipping
Flow rate [Mtpa]
Source: IEAGHG The status and challenges of CO2 shipping infrastructure — 2020 report
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A phased development

LANGSKIP - NORTHERN LIGHTS

» Phase 1 includes capacity to transport, inject and
store up to 1.5 MTPA
* Phase 2 will increase capacity up to 5 MTPA

A flexible shipping solution

« Accommodating volumes from multiple emitters Fortum : 0.4 MTPA

An incentive to launch a European CCS market

» Norwegian State subsidies during 13 years in
exchange for 0.8 MTPA capacity reservation at
zero tariff - conditioned to the funding of Fortum
and Norcem capture plants

« Future revenues to be sourced from marketing of
available capacity

o 13 @ 13 ecuinor 3 13

Capture & Liquefaction |

Norcem : 0.4 MTPA 1

Shipping Onshore terminal  Offshore pipeline Subsea & well
0.8 MTPA 1.5 MTPA 5 MTPA 0.8-1.5 MTPA
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CO2 SHIP TRANSPORT

MERCI DE VOTRE
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Clément Mérat

CO2 transport R&D Manager
Total E&P Norge
clement.merat@total.com




