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Decarbonisation & Scotland

The obvious location for industrial decarbonisation
Scotland’s Net Zero Target - 2045

Total Scotland Emissions 41 Mt CO2e p.a. (2019)

2030 Targets* - 75% emissions reductions
- 5GW of Hydrogen production

- CCUS scale-up towards 10 Mt
CO2 p.a. UK ambition

- 1 Mill zero emission homes

Industrial - Employs 300,000 people
Impact* - £26 Bn to the economy p.a.
- Nearly 30% of all emissions

* Scot Gov publication - Securing a green recovery on a path to net zero: climate change plan 2018-2032 — update (Dec 2020)
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Scotland’s Net Zero Strengths

Scotland’s natural strengths:
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Back the Scottish Cluster
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https://www.backthescottishcluster.co.uk/
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Scotland’s Net Zero Roadmap (SNZR)

The obvious location for industrial decarbonisation
Cluster Plan - Emission base of ~9 Mt CO2 pa
(Equals ~80% of Scottish industrial emissions)

@ 3 subclusters (7.3 Mt CO2 pa) along East Coast

Eu. Multi-industry: Energy, Chemicals, Paper & Board,
= Cement, Beverage, Waste, Glass

-

Deliver practical, investable pathways for industry

Develop a Net Zero energy system model building
on natural Scottish strengths
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SNZR — Partners & Roles
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SNZR - Technology Deployment

Objective: Challenge & validate findings related
to technology adoption — play the role of a
Technology Consultant internally. Technology Screening

* Develop cost-scaling curves to define how _— ——
. . -CUS . uel Switching
teChnOIOgy deployment COStS Im prove Wlth Carbon Capture, Utilisation & Storage m Alternative Fuel Power Generation
. Flue Gass Capture Replacement of methane (and/or
Sca Ie a nd Iea rn I ngs- 1%:‘ Direct Air ('..aplu‘vr‘ (DAC) @ l(_i)l::’.I)l:‘;/[;(:tv:’rb(:::’l:’:::lg:d
o . e e v
* Keep a watching brief of new technologies, sl ke A Sl
adoption, cost considerations and identify
gaps and key challenges.

Hydrogen Generation Electrification

*  Support supply chain partners in developing g, Wlesemlicn i it A
a high_level methOdOIOgy and engineering T ] E:Zi:’iljs(llisiﬁcmion z:::zz:l:nlrl‘:f(gi:i;lon
. . IIHHHI Hydrogen Storage Energy Storage
scoping of relevant net-zero scenario/s for =

the roadmap
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SNZR - Option Definition

Objective: Development of specific
decarbonisation options to be used as input to
the Energy System Modelling.

Concept Engineering to support these
options. High level costings, phasings and
execution plans.

Development of a solution costing tool
investigating cost of carbon abatement
options at sites.

Integration of existing projects into concept
modelling where appropriate.

Routes to supply-side decarbonisation

Maximum potential
emission reduction

Burther dovel ded Direct electrification
urther development neede 100% reduction i

X ? - : droget Biomass Carbon ure Switch of feedstock
before large-scale applications if electricity is thydogen { nlosrwegy £

zero-carbon
Heat Kiln Use of biomass Carbon capture :I;':(‘:f c:von:f;(

- input elactrification @ for heat @ on production and nt-
& (transition) rocess emissions intensive
% emissions P concrete
£ (eg,
Q
(&)

Chemical Pozzolan)
process
emissions

" - Use of . Carbon capture
iron Hydrogen- 40, : PO
Primary - 100%) 1007 charcoal £ 1 on production £
Z electrolysis Sy based DRI ¥ in BF/BOF . S .
=" Secondary Scraz;\b:sed
Furnace Electro-
electrifi-  chemical For heat 40, Carbon capture &
ros g Production cation process generation Wt on production '+ -;‘
g. Bio / Use af
i End-of-life synthetic  recycled
feedstock  plastics
Zero-carbon
power for existing Use of recycled

processes aluminum
(electrolysis using
carbon anode)

Electrolysis using @
non carbon @

Inert anodes

NOTE: 100% emission reduction for the blomass or bioenergy levers is a theoratical potential. Today, blo-based decarbonization allows for -50-70% emission reduction
SOURCE: SYSTEMIQ analysis for the Energy Transitions Commission {2020}

From: Energy Transition Commission — making mission possible
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SNZR — Net Zero Energy System

Industrial site module

On-site energy asset
options
CHP

Energy from Waste
Renewable energy sources
Blue H, production

Green H, production

Infrastructure inside the
fence
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SNZR — Scenarios
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Scotland’s Net Zero Infrastructure



/ Scotland’s Net zero
0 Infrastructure

programme

Tackling Making the best Re-using Creating new Securing UK

Scotland’s CO, use of natural existing industries and jobs and

emissions North Sea infrastructure business growth
assets opportunities

Delivering Acorn CCS and Acorn Hydrogen in the mid 2020s

A partnership between:

Acorn NECCUS SSE Thermal  National Grid University of LNG9 Petrofac
Strathclyde
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#Qcorn: Who is developing Acorn?

=== Harbour

=mm ENErgy

Project partners

Pale
o

UK Research
and Innovation

Government support

Department for
Business, Energy
& Industrial Strategy

Co-funded by the
Connecting Europe Facility
of the European Union
PCI Acorn SAPLING, Action
12.2-0036

>

Scottish Government
Riaghaltas na h-Alba
gov.scot
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®acorn: Establishing the anchor infrastructure

!
FQcorn o
CO, Storage Site i

Goldeneye Capture Transport Store

Pipeline

[

St Fergus at St Fergus through in the Acorn
i - gas terminal Goldeneye CO, Storage
© rerseon pipeline Site

Acorn CCS starts with existing CO, emissions
captured from the St Fergus gas terminal.

oGt‘angernouth

QGlasgow Qcdinburgh

This unlocks a very large CO, transportation &

storage solution, helping industries and homes
across Scotland, the UK and Europe to
decarbonise.

Acorn can be capturing, transporting and
Teesside? storing CO, by the mid 2020’s.
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#acorn: A catalyst for clean growth

H, production hub Decarbonising industry
@ I i
3‘3&8@.’? Q of all natural gas currently
: of Scotland’s large site emissions are

Pioaine used in the UK comes within 50km of Feeder 10, a natural

Atlantic

Pipeline
L onshore at St Fergus. gas pipeline ready for reuse.
Qinvemess
D Abacdoen CO, import facilities World class storage
e
Domestic and
OW OM International CO,
from St Fergus gas terminal, Peterhead Port of the UK’s CO, storage lies within
offers huge development opportunities for 50km of the St Fergus pipeline
CO, import. corridors - enabling rapid scale up to

) support new low carbon technologies.



Qcorn: Decarbonising our homes, industry and transport

Hydrogen

Offshore

natural gas
production

® sacomn

Carbon Capture
& Storage (CCS)

Q St Fergus
Inverness
Aberdeen® \\ 100% hydrogen

Grangemouth

°Edlnburgh

To Northern
Ireland

Low-carbon heating is one of the
toughest challenges for UK climate
policy. (The Committee on Climate Change)

Around 85% of UK households
currently use natural gas for heat.

Hydrogen offers an exciting way to
deliver low carbon energy because
when it is burned it doesn’t produce
CO,, just water and heat.

Acorn will develop a scalable hydrogen
production hub that offers significant
benefits to the UK economy



0 acorn: Phase 1

Hydrogen

Starting in
m with a 200 MW hydrogen blend

hydrogen Into the National

2026 production plant Transmission
at St Fergus System (NTS)

to meet demand for
hydrogen blending,
Industry, transport and
a dedicated local 100%
hydrogen network

400,000 a year of CO, emissions
tonnes managed through
Acorn CCS
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Aberdeen Vision

. To Inverness/Elgin

Paving the way for a regional shift from

Calal ) X5 Kinknockie
Ardallle Cruech ()
s U
‘Wausemill
4
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@ Logie
(Y Bumbervie § Ehon &F Bucha
Hydrogen |

Kemnay .

== w= Hydrogen Pipeline

== NTS Connection

High Pressure

Intermediate Pressure

Medium Pressure
Megray ()
Local Medium Pressure

Natural Gas to Hydrogen

Starting with a 20% blend of hydrogen
by volume before transitioning to 100%
in the Aberdeen gas distribution
network

A new build pipeline to transport
hydrogen from St Fergus to Aberdeen

CO, savings of 1.16MtCO,/y

www.pale-blu.com




North of Scotland Hydrogen

Opportunity £ bl ' ;
C?gmarty v & Spaceport ';(. 'O ol
Firth &, & * ?

Aquaculture

Rail Network

Aultmore

Invarchoran

Dufftown

www.pale-blu.com
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#BacktheScottishCluster

mike.smith@neccus.co.uk
charlotte.hartley@pale-blu.com



