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Preem CCS — CLIMIT Demo project Hﬁ

(3 SINTEF
The project activities will focus on:

*  On-site demonstration of CO, capture
from H, production unit

* Excess heat utilization with compact
heat exchanger design

* Value chain analysis and integration into
Aker CarbonCapture

the Norwegian full-scale CCS project
CLIMIT + |dentifying actions to overcome
Swedish : :
Eorgy 4 regulatory barriers for transborder ship

transport and storage of CO,

+ Establish a roadmap for CO, emission
reduction pathways at Preem in the
context of Swedish national targets
(net zero-carbon emissions in 2045)

Budget: 28 MNOK
Gassnova: 5.5 MNOK
Swedish Enegy Agency: 5.9 MMNOK
Preem: 8.9 MNOK
In-kind from partners: 2.25 MNOK

Project pericd: 2019-2021

Courtesy of SINTEF



What | will talk about today

Aim:

- Identify & quantify the mix of available heat sources for CCS that
give lowest total cost (incl. CAPEX) or lowest external energy

consumption, considering: §
- Existing site energy system o
- Variations of available residual heat over time 5
- Within context of the energy system rey
S
- Evaluate how cost and emissions of heat supply for CCS vary with
the amountof CO,capt ured at the site (n

determine their impact on capture cost
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Key take aways:

Residual heat and unused capacity of existing site energy system are significant and can reduce capture
cost by up to 50%.

Variations in heat supply are important and need to be managed.

Developed method: Heat supply cost curves can give input for planning a CO, reduction roadmap from
partial capture to full capture at industrial sites
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Method & assumptions

2021-04-08



Method: Analysis of heat supply options for
CCS at an industrial facility
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4. Optimization of the heat source utilization
with minimum cost or emissions impact.

Steps 2-4 are automated in a model called

Heat supply cost model (HSCM)

Pressure drop [kPa]

Multi-period Mixed Integer Linear Program (MILP)
A To include variations in availability
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Method: Identification & classification [P
of heat sources

Classof heat supply

Examplesof heat supplying technology

Character

I. Residualheat
+/- investmentsnay berequired

+ nollittle externalenergy

Ventedsteam)

Heatrecoverysteamgenerators

Heatcollectionnetwork(steanraising)
optionto includemech vaporrecompressiofMVR);

Intermittent
Intermittent

~Steady

[l . Unusedcapacity
+ noinvestmentsequired

- Import of externalenergy

Switchingcomp/pumpdrive from steamturbineto power,

Increasen loadof existinggasfired steanmboilers

Variable; external energy

Variable; external energy

[l . New capacity
- Investmentsequired

- Import of externalenergy

Installationof newsteanboilers(naturalgas,electric)

Variable; external energy
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Method: Preem refinery Lysekil as

case study
%CO, dry  kt CO,/yr
ACO, sources: 1.7 Mt CO,/yr Hydrogen unit (SMR flue gas) 24 535
Combined stack 1 8 508
Combined stack 2 8 359
FCC stack 14 202
[minor stacks i neglected] - 98

Main assumptions:

o T T To To o I

90% capture

131 C sat. steam (2.8 bara)

Constant heat load supplied for 8500 hours/yr

Swedi sh gas (elecdricity pricdgMh3 8 &u/ MWh) 2018
Swedish electricity grid - 47 gCO,/kWh

European natural gas (GHG) - 65.9 gCO,e/MJ (incl. distribution emissions)

Lifetime 25 years, 8% discountr at e, & 2021-04-08



FINDINGS: lllustration of variations

Example: 90% Capture from HPU flue gas
52 MW supply; 482 kt CO, captured
~ 28% of site emissions
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Obijective function: minimizing annual heat supply cost

Capture plant heat load
[MW]

Y Y
Residual heat Unused capacity
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