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ENERGY TRANSITION PROJECT EXPERIENCE

&) NSP Ghent - C0, Liuefaction | Study | 2071

2 BioConSepT - loint Study inta bio-based Chemicals | Study | 2015
o RWE - Coenpressed Air Energy Storage | Study | 2012

) RWE- O, Recorery | Various Studies | 20071010

5 Confidential - Plastics Recyching Plant | Technical Due Diligence | 2022
o BayernQil - Wand Gasification into Hydrogen | FELT | 2024

D Fluys - €0, Liguefaction | Study | 204

a Bdvario & Fluxys - Factprint | Pre-FEED | Ongaing
€D nmicore - Mets Recycing Facilty | Pre-FEED, FEED | Ongoing
o Orlen Ligtuva < Refinery Decarbanisation | Study | 2022

§  Clariter - Plastic fecychng plant | Estimate | 2004

10 Clariter - Plastics Recycling Plant | Technical Due Diligence | 2022
n Confidential - PET Recycing Plant | Sine Selection Stady | 2001
12 Merg - Plastics Pyrelysis Recycing Plant | Pre-FEED | 2012

13 Preem AB - HOU+tsocracker Scoping | FEED, EPCM | Dngoing
o lehnsan Matthey - Cathode Active Materisls | FEED | 2022
Q Ventogene BayH; - USMW Green Hydrogen | FEED | 2013
@ Attero - Carbon Capture Plant | Design | 2022
m ROAD - Carbon Capture Storage | FEED | 2013

@ Gasunie Zuidwending - Natural gas comgression and
storage plant decarhanisation | Study | 207
@ Gasunie Eemshaven = Hydragen compressos station | Estimate | 2032

@ Port of Rotterdam - Ammenia Cracker Comples | Study | 2033
@ Gasunie - Hydrogen Drying | Study | 2080
22 Vattenfall - Power-to-Fue! | Study | 200

a Cape Omega - CO, Liquefaction | Study | 2082
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FLUOR,

loniga - Flastics Recyeling Plani | Engineering | 2002

Porthas - C0; Comgression Station | FEED | 2021

0OCI Terminal Eurapoort BV, - Ammonia Bunkering Project | S/FEEDVERCM | 2022
Shell Chemicals - Electnfication of process air compressor | EFCM | 2019
Shell Chemicals - Pyrolysiz Oil Upgrader | FEEBVEPCM | 2024

Shell - RedliGresn | Emcution Preparation Phase | Ongaing
Confidential - Hydeegen-fired furnace | FEED/ERCM | 2023

Viridor - Carbon Capture | Study | 202)

HyCC Hyeron - 40 MW Green Hydragen | PMCFEED | 2023

Urnicore - Cathode Active Materials | FEED | Ongoing

Cenfidential - Li-ion Battery Facility | FEED, EPCM | 2033

Altris - Ma-ian Battery CAM Pilat Plznt | Pre-FEED, FEED | 2024

TEPSA - Green Flaminga Ammania Storage | Fre-FEED | 2023
LanzaTech - Ethancl from Gas Fermentation | Fre-FEED, FEED | Ongoing
LanzaTech - Offgas to Ethanal | FEED | Ongaing

CRIl = e-Methancl Project | Pre-FEED | 2004

Orsted - e-Methanal Project FlagshipOne | FEED | 2024

H; Green Steel - 2.5 Mtpa grassmot Steel production plant,
piwersd by 800 MW Green Hydrogen preduction | FEED, EPCM | Ongoing

Mitsubishi Corp./Repsol - Hydragen supply chain using LOHC | Study | 2024

Preem AB - Carbaon Capture using EFGe technalagy and CO; Liquefaction | Study | 2024
Confidential - 300 MW Electrolyser Capacity | Feasibility Study | Onguing

Tata Steel - HeraCless (Decarbonization} | FEED Venficztion | Ongoing
EnergoNuclear S.A. - Cemavada Uit 3and d | FEED | Ongoing

Cenfidential - New Mudear Power Plant | Feasibilty Study | 2004

47 Masol Iberia Biofuel, 5.L.. - Biodiess! Project | 5, BE, DE, FEED | Ongoing

Renewable Fuels
& Chemicals

Carban
Reduction

@ Hydrogen

Clean Power
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Battery
Value Chain




FLUOR,
PREEM ICR REVAMP PROJECT

Refinery: Lysekil, Sweden

Plant: ICR (IsoCracker)
Investment: ~400 MM eur
Renewable production capacity:

— SAF: 600 000 m3

— HVO0100: 600,000 m3

» Less emissions

— (Scope 1-3): -2-3 million tons CO2e
— Scope 1:-200,000 tons CO2e

vV VvV Vv

v

Source: https://www.preem.com/en/about-us/our-facilities/
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FLUOR,
ICR UNIT — EXISTING / FUTURE SITUATION

Renewable
feed -
Safety and Operability Hazards:
» High Pressure Hydrogen
» Exothermal reaction
» High pour point material
HP Section » Fluids above auto-ignition temperature
— _ _
» High/low pressure interfaces
—»  Naphtha
Recycle
oil ——p Stripping f »  Fractionation |———» SAF
—————»  HVO0100
=
Dewaxing
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PROCESS SAFETY APPROACH

» HAZOP / LOPA for entire plant

— Systematic review

— Modifications and existing design
» Challenges:

1. PSV redundancy calculation

2. Excessive protection

3. Balancing operability and safety

4. Impacts of a revamp on design

Vulnerabilities / Rﬁ
(A
‘ /
( ~< A
(<

NAA
Safety
Incident

Af—
-

Mitigations

Reason's Swiss Cheese Model (Source: Reason (1997)).
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FLUOR,
First Challenge:

RELIABILITY CALCULATION FOR MULTIPLE PSVS

>

2x50% 2x100%
(2002) (1002)

System System
failure failure

Spare { Online ¢ Online

— e

X X X

Single PRV: PFDavg =0.01

Common cause: B=10% RVc
Multiple PRVs 2002: 0.01x0.1+0.01+0.01 =0.02

Multiple PRVs 1002: 0.01x0.1 + 0.01x0.01 =0.001

AM2502076-001 8



FLUOR.
Second Challenge:

EXCESSIVE PROTECTION

2 SIFs for single scenario

RECYCLE 4
GAS

Can the SIFs be considered

together?
— |Is time sufficient for SIF2?

1

V2 @ SIF2 = Yes
2-PHASE FROM .
REACTOR LOOP — Are scenarios the same?
A
= Not always
V1 SIF1
X—»
LCVXX2

DRAIN

Required reliability is a combination

ple >

LCVXX1
LIQUID OUT
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FLUOR,
Third Challenge:

OPERABILITY VS. SAFETY

R |

HP Loop

rrrrrrrrrrrr

Original design alarm only (_’7
Additional protection for overfill

» PSV

» Consider foundations and supports

» Oroverfill protection

P1A/B
Bottoms pump
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FLUOR,

Third Challenge:
OPERABILITY VS. SAFETY
C
S o
Close feed — safe? (_'7

» LAHH protects the fractionator

» Level increases slightly

» Issues upstream

» Additional demand on trip

» Recycle compressor will stop \I:
P1A/B
Bottom
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Third Challenge:
ALTERNATESETUP = &= AH ---------------------------------------------------------------------------------------------------------
bl
= T
|
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Third Challenge:
ENHANCED OPERABILITY =~ o s

=1

» HP loop stabilises

» Compressor continues Au}

» Increased level in fractionator

Feasibility dependent on volumes

A 4
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o
)

P1A/B
Bottoms pump
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FLUOR,
Fourth Challenge:

THE IMPACT OF REVAMP

AM2502076-001 14



FLUOR,
Fourth Challenge:

THE IMPACT OF REVAMP

240°C

T
Fractionator P3A/B
Reflux pump

P2A/B
Pumparound pump

F1
Fuel —%— Feed Furnace

Steam

AM2502076-001 15



FLUOR,
Fourth Challenge:

THE IMPACT OF REVAMP

102°C

TN

T
Fractionator
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FLUOR.
Fourth Challenge:

THE IMPACT OF REVAMP

315°C o=

()

P3A/B
Reflux pump

] F1
Fuel = ReboilerFurnace




FLUOR,
Fourth Challenge:

THE IMPACT OF REVAMP

315°C Moo3; H/L
. 2003
» Furnace trip _—
— Hot refractory Rerate for higher temperature

— Consider lag time (30
mins)!

» Rerate of overhead
system

» Enhance reflux reliability
— Pump autostart

— Redundant control valves @@@

— Additional level
instruments

F1
ReboilerFurnace




FLUOR,
KEY TAKEAWAYS

Early
Establishment of
LOPA Principles

Align early to prevent debate during the
review

Design SIFs to protect without
compromising reliability or operational
efficiency

Balance Safety

and Operability

: I Adopt a holistic approach to identify
Thml\(Nsc);Stem subsystem interactions and hidden
lae risks in revamp projects




THANK YOU

Energy Transition Clean Water Renewable and Biofuels

Katy Gerstner
Process Engineering Manager

katy.gerstner@Fluor.com
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