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Background

« Steel is a fundamental part of the Scottish economy and used in many objects and
Infrastructure we use on daily basis

« Steel using markets account for 31% of Scotland’s turnover, essentially meaning just under
1/3 of the population rely on steel for income in some way*

« Scotland relies wholly on imports to meet its steel demand making our industries vulnerable
to global supply chain constraints, while we export the scrap steel we produce each year
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Background — Steel and the CE

« Steel perfectly suited for a circular
economy

« Steel components can be
effectively reused,
remanufactured and recycled

* Approx. 85% of steel products
recovered and recycled to
produce new steel

« Modern EAF operate using 100%
scrap steel*




Background — increasing importance of scrap stee
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Global steel production is forecast to grow by 30%, with recycled secondary steel production predicted to grow faster
than primary production (as increasingly enough scrap steel will be around to meet demand)*



Background — no value added to Scotland’s steel
resource

« Commodity value of scrap exports £110m in 2018.

« Intermediate steel produced by EAFs has a value which
is typically 3-4 times higher than the price of scrap.




Background — emissions related exports/imports

For every tonne of steel made about two tonnes of carbon dioxide are emitted. Overall, the steel
industry is responsible for about 7-9% of global climate emissions

« Almost all European steel producers are currently developing decarbonisation strategies, with an
increased share of scrap steel based EAFs one key approach to more environmentally friendly steel
production (globally around 70% BF-BOF - 30% EAF split)

«  BUT if the electricity used to power EAFs isn’t carbon neutral, changing from BF/BOF production to
EAF production only shifts the climate impact from the steelmaker to the energy generation operation,
resulting in no ultimate reduction of the carbon footprint — Scotland has one of the lowest carbon grids
in the world



Background — steel’s role for Scotland'’s transition
to net zero

« Steel has an absolutely vital role to play in Scotland’s transition to renewables
«  Steel will be crucial as an infrastructure enabler for all technological transition

« Resilient supply chains giving access to a secure supply of steel is of critical importance to
realise Scotland’s infrastructure ambitions

Without steel Scotland won’t get to net zero
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Objective of the research

« Exploration of environmental, economic and social implications of developing EAF
technology for steel production in Scotland and assess the role of Scottish steel in the
energy transition

« This research is aimed to provide further insight for the already ongoing debate that
Scotland (and the UK) have the potential to make better use of its domestic scrap



Overview of the research undertaken

« A market analysis that uses stakeholder interviews and desktop research to estimate the
size of the scrap steel market in Scotland, the current export destinations, and how these
might change in the future;

« Acarbon assessment of recycling steel using an EAF located in Scotland and comparing
the impacts against exporting steel overseas (Turkey and Spain) — results presented will be
an update to the already published report;

« An economic analysis that assesses implications on jobs, gross value added (GVA) and
profitability of recycling steel in a 300ktpa and 1Mtpa EAF in Scotland producing different
kinds of steel products; and

« An assessment of the role of Scottish steel in the energy transition, specifically
examining whether it is possible to use old oil rigs to manufacture new wind turbines and
whether this would bring any benefits to Scotland.



Paper 1 — Scottish scrap steel market analysis

Objective: To estimate the size of the scrap steel market in Scotland, the current export

destinations and future outlook

Method: Desk-based research using UK and Scottish data; and semi-structured interviews with

12 organisations across the value chain*
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Key results:
« Current market: Estimated annual supply of 620-930kt scrap steel:
 Stakeholder interviews: 500-800kt (2021) Households

» UK population scaling: 930kt (2019) ﬁ m
« SEPA site return data: 620kt (2018)
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Key results paper 1

Destination of scrap:

Europe — 73% (short sea ship loads, destinations incl.
Spain, Portugal, Belgium, Germany and France)

Rest of UK — 25% (moved by rail, road, sea; destinations
incl. UK steel mills and deep-sea docks for export)

Rest of world — 2% (no destination stated)

Most of the scrap steel exported from Scotland is destined
for Continental Europe - driven by current export
infrastructure (short sea freight)

A higher proportion of scrap from the rest of the UK is
exported longer distances, including for use in mills with
BOF, due to more deep-sea dock access

Typical
shipment sizes

30-65 kt

Shortsea Deep sea

Figure 10 UK deep-sea ferrous scrap exports 2021 (tonnes)
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Key results paper 1

Factors affecting scrap steel export:

*  Pricing
e  Scrap availability
« Logistics

. Customer relations

Uncertainty around:
« Final destination of Scottish steel exported to the rest of the UK

» Scrap steel not captured in this data (200-300kt)
« Share of EAF vs BF-BOF in European destinations
« Market developments and future outlook




Key results paper 1

Developments affecting the future outlook:

New deep-sea port infrastructure in Scotland, e.g. EMR’s development in Glasgow (65kt vessels)
+ could lead to a shift to more Scottish steel being exported to destinations currently only accessible via deep sea docks

New large-scale low-carbon steel production investments in Europe, changing the international market
» will increase the demand for high quality steel scrap and could lead to more market consolidation to ensure supply

EU carbon border tax for steel imports from high-carbon production origins
« likely to increase competitiveness of European plants

Domestic interest in developing domestic steel production capabilities (e.g., Ardersier)
» could create a domestic demand of steel scrap

Low carbon policies by gov and businesses leading to process changes, new circular business models,
changes in product compositions (e.g. vehicles)

Increase in costs for scrap processors, primarily due to energy price rises

Variable and uncertain arisings from decommissioning (O&G) - approx. 1Mt over 10 years* - and onshore
wind decom



Paper 2 — Carbon assessment (update)

Objective: To assess the environmental impact of recycling Scottish steel using an EAF
located in Scotland compared to a baseline scenario of current export practice

Method: Life cycle assessment analysis modeling using UK data, supplemented with
information acquired through stakeholder interviews for market analysis

Key uncertainty: Share of Scottish scrap (820kt modelled) going to different export destinations
in Europe and rest of the world for steel production in EAFs and BF/BOFs

 Originally modelled baseline: 100% exported to Turkey (55% EAF - 45% BF/BOF)
 Proposed updated baseline: 75% exported to Spain (100% EAF) and 25% exported to
Turkey (55% EAF - 45% BF/BOF)*

* For comparison:
* Global steel production split: 73% BF/BOF vs 27% EAF
« European split: approx. 60% BF/BOF vs 40% EAF



Paper 2 — Carbon assessment (update)

3 scenarios modelled:

e Scenario 1: 75% exported to Spain (100% EAF) and 25% exported to Turkey (55% EAF -
45% BF/BOF)

e Scenario 2: 100% of scrap steel is processed in Scotland using an EAF.

e Scenario 3: High-quality steel (16%) is reused in Scotland and the remaining scrap (84%)
IS sent to EAF in Scotland.

e Each scenario considered the greenhouse gas impacts of producing one tonne of hot rolled steel in
2020

e Nation-specific electricity grid factors were used. The analysis measures GHG emissions in 2020 and
may not reflect future impacts.



Key results paper 2

Key results:

* Producing 1 tonne of steel from Scottish scrap sent Carbon impact of steel reprocessing scenarios
to Turkey (25%) and Spain (75%) emits 0.79 tonnes
of GHG

duced

per tonne

* Producing 1 tonne of scrap steel in an EAF plant in
the UK could reduce this to 0.64 tonnes of
greenhouse gases. This would result in a saving of
20% of emissions compared to the modelled
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« The savings would be even more significant if the
EAF was directly supplied with renewable energy
(e.g. from Scottish offshore wind)

« Additional carbon savings are possible through
encouraging local reuse of steel.



Key results paper 2
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GHG emissions per tonne of hot rolled steal

Impact from indirect emissions due to carbon intensity of the electricity grid
makes location of the EAF key

On the basis that EAF plants use electricity to remelt scrap steel, Scotland could
produce some of the greenest steel in the world.

EAF impacts per tonne steel produced
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Paper 3 — Economic assessment

Objective: To assess the economic impact of recycling Scottish steel using an EAF located in
Scotland

Method: Modeling the Gross Value Added, employment effects and profitability of three different
scenarios for Scottish EAF technology

« 300ktpa — Low value (construction) grade product
« 300ktpa — High value product
« 1Mtpa — Low value (construction) grade product

Sensitivity analysis conducted on input variables most susceptible to change, based on current
and likely future trends:

« Electricity prices

« Scrap steel prices

« Market price for finished steel products



Paper 3 - Approach

«  Employment scaled from a benchmark using two real life EAF plants. Economies of
scale to consider, as employee numbers increase less than the rate of production.

« GVAdefined as the value added/generated from a unit of steel engaged in production.
‘Micro Firm Level’ approach used:

GVA = Turnover — costs of bought in goods and services (excl.employee costs)

« Economy-wide employment and GVA impacts calculated using Scottish Government
multipliers from Input-Output tables:

* Type I: Indirect impacts in wider supply chain
* Type II: Induced impacts from employee spending

« GVAdiscounted over 10- and 20-year period to reflect the time preference of money.



Key results paper 3 — EAF model components

Investment costs
Capital expenditure for EAF plus basic downstream processing

Loan repayments/cost of capital

Yearly repayments on the capital expenditure loan 17%

Operational costs

Raw material costs

Taxation

Revenue

Land rental costs
EAF electricity costs 40%
Energy costs downstream processes
Labour costs
Maintenance / Support costs
Scrap steel (raw material)
34%
Other raw materials (coal, consumables)

Carbon taxes
9%

Other taxes

Value of final steel product



Key Results paper 3 —Annual employment impacts

Direct Indirect Induced Total

employment employment - employment - employment
Type | Type |l

300 kt — Construction

grade 350 180 140 670
(Scenario 1)

300 kt — High value

grade 350 180 140 670
(Scenario 2)

1 Mt — Construction

grade 490 250 200 940
(Scenario 3)

Note: Employment rounded to nearest 10 jobs



Key results Paper 3 — Annual GVA impacts and
profitability

Direct GVA Total GVA Profitability
(Em) (Em) (Em)

300 kt —
Constructio

n grade 13 8 5 25 -23

(Scenario 1)
300 kt -
High value

grade 207 125 83 415 172

(Scenario 2)
1Mt-
Constructio
n grade

121 73 48 242 27

(Scenario 3)
Note: GVA rounded to nearest £million, totals may not sum due to rounding



Key results Paper 3 — Productivity analysis

GVA per employee GVA/revenue Revenue/costs
(Em)

300 kt -
Construction grade 0.04 0.06 0.91

(Scenario 1)
300 kt — High value

grade 0.59 0.46 1.62
(Scenario 2)

1Mt -
Construction grade 0.25 0.16 1.04

(Scenario 3)



Key results paper 3 - Long-term impacts (GVA
discounted)

Plant Capacity GVA GVA

(10-year period: 2022 — 2032) - (20-year period: 2022 - 2042) -
Discounted (£m) Discounted (£m)

300 kt — Construction grade
(Scenario 1) 13 106 167

300 kt — High value
(Scenario 2) 207 1,750 2,770

1 Mt - Construction grade
121 1,020 1,616

(Scenario 3)

Note: GVA rounded to nearest £million



Key results paper 3

« GVA and productivity is considerably the highest in scenario 2 (300ktpa — High value
product), as higher value goods are much more profitable, and the capital and operating
costs rise less than proportionally to the price of the product.

« Scenario 2 the most resilient in sensitivity analysis in profitability.

« Small likely domestic demand for high value, making export likely. This brings risks such as
competition, administration, and taxes and tariffs.

« Left with a choice between a profit-driven approach to ensure viabllity, or one to reduce
reliance on carbon-intensive imports of steel for construction.

« Operating costs likely to rise substantially in coming years, putting pressure on the business
case for an EAF in Scotland, as they are exogenous.



Paper 4 — Energy transition assessment

Objective: to assess

« the volumes, types and production routes of steel required to fulfill Scotland’s medium-term
offshore wind ambitions (ScotWind Round 1 and INTOG)

« how much steel could be available and suitable to be recycled from decommissioning North
Sea oil and gas (O&G) platforms for this purpose

« the supply chains that would be required to produce steel and steel components for wind
turbines in Scotland

« the carbon impact of producing steel from global and potential Scottish EAF

Method:

* Modeling using floating wind turbine data, supplemented with information acquired through
stakeholder interviews

« ScotWind Round 1 and INTOG used to provide benchmark for the steel required for wind
power generation (based on 1416 x 20 MW, or equivalent, turbines)



NEW: FLOATING TECHNOLOGY
Jacket | Tensionleg Semi-submersible  Spar

Paper 4 — Estimated steel required

* Floating turbine was used as the baseline model as it
has the largest steel requirement (20 MW wind turbines
assumed, scaled up from a 10 MW wind turbine)

« Estimate of total amount of steel required per turbine is
5,750t (2,000t for above water structures (e.g., tower,
hub, transition piece, nacelle) and 3,750t below water
(e.g., hull sections, piles, monopiles))*

« Estimated total amount of steel required to satisfy
ScotWind Round 1 plus INTOG is therefore 8,100 kt
(288 kt of steel per GW)

e 7,300kt (90%) construction steel (steel grades S275,
S355, S420, S460) with more specialist steels used for
drive systems and fluid transmission pipework**

 The steel required for wind power generation in the UK
Is almost entirely sourced from other countries, with the
bulk of components and materials being sourced from
either China, South Korea or Europe.




Paper 4 — Estimated steel available

« Estimate that there could be as much as 28kt of
steel recoverable from each O&G platform that is
decommissioned (many smaller scale platforms)

« Construction grades of steel are the bulk of O&G
platforms (steel grades S275, S355, S420, S460)

« Estimate that there are 270 O&G platforms due for
decommissioning in the North Sea, with
commitments to decommission 125 topside
structures by 2030

*  While only around 10% currently on-shored in the
UK, for the assessment the total theoretical potential
Is included (=7,300kt construction steel)

* In practice, where platform is taken for decom
depends on contractual relationship, capability, cost*




Key results paper 4

 The bulk of the steels used in the construction of wind turbines and O&G assets are
similar in terms of their chemical composition specification*

« O&G platforms should therefore be a high-quality source of scrap steel for
recycling into new construction grade steels for wind turbine construction

« Steel mass estimates show that there is enough scrap steel in Scotland to fulfill new EAF
steel production for offshore wind using a combination of domestic scrap and
decommissioned O&G scrap (theoretical potential)

 Infrastructure for collecting / sorting the scrap steel already exists



Key results paper 4 — Supply chain and
Infrastructure assessment

« Currently there are no manufacturers of large tower or monopile sections in the UK, the
facilities required to complete these components would require large land areas as well
as skilled labour
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Key results paper 4

« It is technically possible to recycle Scottish scrap steel to manufacture steel for onshore and offshore
wind energy projects in the future

« It is not currently practically achievable as the required supply chains and infrastructure do not exist in
Scotland to recycle steel and manufacture wind turbines

« Manufacture of wind turbines in Scotland using recycled steel would require development of an almost
completely new supply chain involving scaling up of O&G decom, building new EAF plant, and heavy
manufacturing facilities for substructures, monopiles, towers, large castings, and large assemblies

« This requires significant investment but could present a significant opportunity for the industry
* An EAF plant would need domestic scrap steel sources in addition to O&G decom scrap (to avoid

intermittent production) and requires continuous demand for construction steel from beyond the wind
sector to remain profitable



Key results paper 4

* There is a clear carbon case for recycling steel in a Scottish EAF for use in wind turbine manufacture as
this would produce significantly less CO,e emissions than using globally supplied steel (nearly 80%
savings compared to current global production)

« Significant numbers of new jobs in coastal areas, potentially rekindling industry at ports or creating new
industrial sites
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Summary

 In recycling steel within Scotland, benefits could be realised in mitigating much of the
embodied carbon associated with imported steel

« Without intervention or incentives, Scottish EAF may not be able to offer attractive enough
prices for scrap to divert it away from export. But the cost of doing nothing might also be
high (social cost of carbon, supply security)

« Manufacture of wind turbines in Scotland using recycled steel would require development of
an almost completely new supply chain, requiring significant investment but could present a
significant opportunity for the industry and could contribute to developing a skilled low-
carbon Scottish supply chain to support the wider energy transition, just transition, circular
economy and net zero



Discussion



Next steps

« Preparation for publication later in 2022
« We would welcome future collaboration on this topic to develop further insight

If you would like to get in touch, please contact research@zerowastescotland.org.uk
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