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Over £2 billion committed to low carbon energy
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VPl Immingham

* VPI Immingham is a 1.2GW CHP plant, located in
South Killingholme, North Lincolnshire

* Itis the largest plant of its kind in the UK and Europe
and has been in operation since 2004

* Provides power and steam to over 25% of the UK’s
refining capacity at the two co-located refineries:
Humber Oil Refinery and Lindsey Oil Refinery

* |t also provides flexible and low-cost power and grid

stability services to meet up to 5% of the UK’s
electricity demand
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Humber Zero

Humber Zero is on a mission to
deliver one of the UK’s largest
carbon capture projects, whilst
sfrengthening UK infrastructure
and creating local jobs for the
region.

A post combustion carbon capture plant will
capture emissions from the exhausts of two CCGT
trains and two auxiliary boilers at the VPI
Immingham plant.

Our aim is to decarbonise emissions from
Immingham by achieving a steady state CO, 3.8m

£2bn 2,500+

capture rate of 95% for a total CO, capture T
capacity of 3.3 MTPA. onnes Investment Jobs created
captured In the initial
HUMBERZER®@ phase




Project Timeline VPI | HUMBERZER®

2019 2021 2025 2028

Final Investment Decision Commercial Operations

Target 3.3 million tonnes CO, per
year achieved

* Engineering Design
* Planning and Permitting Construction
* Business Model Development

Concept Definition

March 2021
UKRI'ISCF funding awarded to Humber Zero for 50% of FEED
phase
Completed Planned (2024)
Pre-FEED EPC Confractor Selection

Front End Engineering Design (FEED)
Selection of Shell carbon capture technology
FEED verification

Permit variation application duly made
Planning application submitted

Planning Consent: April 2024

Environmental Permit Approved

Further Engineering Development

DESNZ Emitter Selection & Business Model Agreements
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Flue Gas Duct Tie-in

Challenges

Flue gas ducting fies into two F Class
Gas Turbines + Two Auxiliary Boilers in a
congested area

Impact on structural intfegrity of existing
asset

Impact on operability of existing asset
Huge scale ducting needing to be run
at elevation to cross existing roads

Design Considerations

Confirm structural integrity of existing
stack for new breach opening
Confirm no negative consequence on
original stack construction 2 =
Confirm pressure drop impact of new : \Y e
transition piece is acceptable N 2. C J
s

Perform tie-in during planned outages to
minimise impact on BAU

Pressure and temperature
considerations are fixed — have to deal
with them — blowers, cooling, etfc
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CHP + Capture Plant Flexibility

CHP key characteristics

Steam and power supply to industrial users (baseload)
Power supply to grid (flexible)

Load factor range: 20%-100% for auxiliary boilers & 36% -
100% for GTs

GTs and Auxiliary Boilers operating in various
combinations

Two fuel sources: Natural Gas and Refinery Off Gas

Capture Plant design and operational requirements

No change to CHP operations

Capture plant train configurations need to enable all current
GTs + Auxiliary Boiler configurations

Multiple fast acting, large dampers, required to achieve
required flexibility

2 capture trains to give flexibility in managing the 4 emitters

Highest Exported 1247 MW \
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NOx Control

Challenges AIG

Design Considerations

NO, reacts with amines to form degradation products. NOx reduction is
desirable to minimise NO, and consequently amine degradation
environmental impact

| —ostact
[

: HRSG
/ Heating Tubes

SCRis normally installed in the HRSG at an appropriate temperature SRS

No space in the existing HRSG - up to 10m additional length may be
required to accommodate a SCR

The only feasible retrofit option is a tail-end solution i.e. implement a <
SCR in the new duct between the flue gas blowers and Direct Contact  Gas
Cooler

For existing plants with low NOx (NO,), selection of NOx tolerant solvent
is considered a more robust solution than retrofitting a SCR because:

o Tail-end solution requires prohibitive CAPEX investment and will result in
higher OPEX for a relatively small amount of NOx removal

o Tail-end solution requires new duct burners, gas-gas exchanger, larger
capture unit (resulting from burning additional fuel gas in the duct to
meet SCR's high operating temperature), adds to operational
complexity, and takes up more land

o Installation of SCR can intfroduce SO;which is known for precipitating

amine carry over VPI I HUMBERZER@/



Constructability

Challenges

Working on a live plant (brownfield scope)
Space on site for additional equipment afll e

Transport modules envelope (constrained by width) o Ol N0 00 61010100
Constrained laydown area ol E R
Construction workforce shortage 1010061616010}
Potential Concurrent construction of multiple projects in :
the proposed site - ~ :
«  Working around existing undergrounds and installing e EER e
foundations/structural support design

Design Considerations

« Early engagement and identification of potential
suppliers

«  Maximise use of off-site fabrication and modularisation

« Explore off-site  warehousing and car parking
arrangements

«  Employ a collaborative approach with other projects
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Disclaimer
Humber Zero is not making or giving any representation or warranty, express or implied, as fo the adequacy,
accuracy, reliability, or completeness or sufficiency of any of the information contained in this presentation. No
representation or warranty is given as to the achievement or reasonableness of, and no reliance should be placed
on, any valuations, forecasts, estimates, opinions and projections contained in this presentation.

This document is not intended for distribution to, or use by any person or entity in any jurisdiction or country where
such distribution or use would be contrary to local law or regulation. The information contained herein is confidential
and proprietary to Humber Zero and is being provided and may not be given (in whole or in part) or otherwise
distributed to any other third party without the prior written consent of Humber Zero.
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