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The Regulators’ Alliance for Progressing Infrastructure Development (RAPID) is a partnership
between the three water regulators Ofwat, Environment Agency and Drinking Water Inspectorate,
formed in 2019 to help accelerate the development of new water infrastructure and design future
regulatory frameworks. RAPID was set up to identify and address issues relevant to the
development of joint infrastructure projects and to analyse the feasibility of nationally strategic

United
Utilities

supply schemes. These Strategic Resource Options (SROs) are being developed by different Water for the North West
water companies in partnership and are following RAPID’s gated process to identify strategic

water resource solutions to help meet the water needs of the future. The gated process relates to Wessex Water I!!II_!I
the funding of investigations and development of SROs from April 2020 until March 2024. YTL GROUP i
The All Company Working Group (ACWG) was set up to ensure that water companies with SROs

were using a consistent approach where possible. The ACWG has commissioned a nhumber of

studies to identify where consistencies need to be made and how approaches can be aligned

between different companies and SROs. A review of the approaches adopted across the SROs N

identified key areas in which consistency was needed, including cost, water quality, environmental v W R E
assessments, deployable output, carbon and the design of schemes. The output reports from

these studies are available for review on the WRSE website in the document library, and have WATER RESOURCES EAST

been adopted by SROs and also by companies for their draft water resource management plans
and the regional water resource planning groups.

In 2020, the Environment Agency published the first National Framework for Water Resources to
transform how we plan future water supplies; requiring water companies and other large water
users to collaborate across boundaries and develop plans that consider their region’s water

needs. These regional water resources plans should then fit together to provide a joined up ‘
national solution. There are five regional groups which together include all the water companies
operating in England. Each regional group is producing a strategic water resources plan to assess wrse

the future need for water and identify the set of options that present the best value to customers,

society and the environment to secure long-term resilience. In addition to the ACWG consistency 7 Y, Wa’[er
reports, there are also regional planning related reports available to review on the WRSE website, :
including the reconciliation of regional plans reports (for both the emerging and draft regional
plans) and a materiality paper regarding data changes through the gated process.

West Country i
Water Resources

Any queries relating to the ACWG reports can be directed to contact@wrse.org.uk.
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Executive summary

The All Company Working Group (ACWG) commissioned Mott MacDonald to develop a methodology that
identifies key capital carbon hotspots (and chemicals) for typical Strategic Resource Options (SRO) types
and that assesses potential decarbonisation opportunities through building clever or building efficiently
measures. This means alternative material or technology choices or construction practices.

It was agreed that build-nothing and build-less options in the PAS 2080 carbon reduction hierarchy (i.e. how
to optimise resources through alternative design practices) are site specific and will have been considered
through the earlier stages of the delivery process, as part of regional planning and design development
stages. The scope of this report focuses on capital carbon and chemicals (as well as replacement of
membranes over time, for the case of desalination and wastewater reuse).

The focus of the assessment is to model four typical SRO option types: Reservoirs, Pipeline transfers,
Desalination, Wastewater reuse. To identify the decarbonisation potential of each SRO type, the following
activities have been undertaken.

Complete a carbon estimate to identify carbon hotspots
Review with suppliers and technical experts mitigation opportunities for the each carbon hotspot

Estimate the level of reductions possible in three scenarios: worst case, middle case, and best case.
Varying levels of decarbonisation are presented depending on when the schemes are delivered within the
three time horizons being considered by WRSE (2025-2040, 2040-2060, 2060-2100).

The findings are presented in a Red/Amber/Green (RAG) scale (0-25% = red, 26%-75% = amber, 75%+
= green).

This summary shows the results assuming a ‘middle case’ is adopted. For all SROs, this requires proactive
engagement with the supply chain, as many of the mitigation measures are outside the direct control of the
Water Companies (e.g. the capital carbon within the materials being procured).

Reservoirs

For a reservoir SRO, carbon hotspot assessments identified earthworks as the primary source of emissions,
accounting for over 90% of the capital carbon. These emissions are primarily due to diesel-powered
construction plant on-site (16% of emissions), and quarrying/ HGV transport of imported material (41% and
36% of emissions respectively). For this reason, alternative fuels for construction plant have been
investigated to understand the potential impact on reservoir SRO carbon emissions.

Four alternative fuels have been investigated: battery electric, hybrid electric vehicles, hydrotreated
vegetable oil (HVO), and hydrogen. HVO and hydrogen provide the best opportunities for carbon savings,
although both face constraints in today’s markets. For HVO, while it is used in construction plant, the supply
of this fuel within the UK is a limiting factor. For hydrogen, both the vehicles and the supply of green and blue
hydrogen need to advance.
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Table 1-1 shows the summary of the recommended ‘middle case’ scenario.
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Table 1-1: Service Reservoir SRO, Middle Case Summary

Time of % capital Assumptions Actions needed
construction carbon
savings
2025-2040 62% e Engage with the supply chain to ensure diesel-electric hybrid
® 50% diesel-electric plant are used on site along with HVO powered plant
hybrid vehicles e Discussion with suppliers of HVO could take place in the 5
e 50% HVO vehicles years prior to construction to secure supply for the duration of
construction
2040-2060 96% e Hydrogen adopted e Engage with the supply chain to ensure hydrogen powered
across 100% of plant are used on site along with hydrogen powered HGVs for
construction plant transport of materials to/from site
2060-2100 96% e Hydrogen adopted & Engage with supply chain to confirm green hydrogen sourced
across 100% of from 100% renewables or blue hydrogen is available.

construction plant

Notes: “Baseline” in this case is defined as a do nothing approach, whereby the reservoir is constructed with conventional plant used
today (diesel).
*Note, these represent ‘well to wheel’ emissions, critically assuming that hydrogen used is Green hydrogen with O emissions.

Transfer Pipelines

For a transfer SRO, carbon hotspot assessments for medium diameter (DN800) and large diameter
(1400/1800) identified the pipeline material as the primary source of emissions, accounting for over 70% of
the capital carbon. These emissions are due to the burning of fossil fuels to provide the very high
temperatures required in the iron and steel making process, process emissions associated with using carbon
as a chemical reductant, and indirect emissions from electricity consumption.

Transportation, excavation, backfilling, and imported backfill are also a large source of emissions for the
transfer SROs, accounting for an additional ~25% and ~10% of the capital carbon impact for the medium and
large diameter examples. These emissions are primarily due to diesel-powered construction plant on-site,
and quarrying/ transport of imported material.

Five alternative pipe materials have been investigated for medium diameter pipework, and three alternative
pipe materials have been investigated for large diameter pipework. Plastic based pipe materials have lower
carbon emissions than steel or ductile iron. However, all pipe materials are expected to reduce in embodied
carbon as time progresses, due to substitutes in feedstocks, improvements in the manufacturing process,
and lower carbon plant being used to produce aggregates and install pipelines.

Table 1-2 shows the summary of the recommended ‘middle case’ scenario for pipe transfers. While carbon
savings are achieved simply by switching materials (as evidenced by reading down a column), Water
Companies who have asset standards which specify a given pipe material can see carbon savings for a
given pipe material by manufacturing process improvements and installation improvements (evidenced by
reading across a row).

Table 1-2: Transfer pipeline SRO, Middle Case Summary

- 2025- 2040- 2060-
Pipeline 5000 2060 2100 i
Diameter  option* — Assumptions
(% Reduction Against Baseline**)
Medium DI** - 39% 48% * Increased deployment of stove flue or top gas recycling in most
(up to Blast Furnace-Basic Oxygen Furnace (BF-BOF) sites

DNB800). Steel - 60% 66% * Rebuild of plants with advanced steel production technology
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2025- 2040- 2060-
2040 2060 2100 Assumptions

(% Reduction Against Baseline**)

Pipeline
Diameter option* —

« Carbon intensity of imported material assumed to reduce with the
adoption of low-carbon construction plant (reducing quarrying

emissions)
HPPE - 59% 7% » Continued use of fossil fuel-based plastics
» Heat and power required for refining and plastics production are
MO-PVC | 51% 82% 90% supplied by 100% renewables
GRP 53% 89% 94% » Carbon intensity of imported material assumed to reduce with the
adoption of low-carbon construction plant (reducing quarrying
emissions)
Large Steel** 36% As above
(DN1200/  p) 32% As above
1400)
GRP 71% 84% 91% As above

Notes: *Carbon emissions include material capital carbon and installation capital carbon (includes variation in trench widths and
backfill)
*“Baseline” in this case is defined as a do nothing approach, whereby the pipeline is constructed with conventional plant used
today. For medium pipe diameters this is using DI which is considered typical for this pipe size. For large diameters this is
using steel.
*** Bedding and surround are included in the pipeline options relevant to each type of material. The quantities of bedding are
incorporated in the carbon models used for pipelines

Similar to the reservoir SROs, Water Companies can engage with the supply chain to promote lower carbon
construction and haulage plant to reduce installation emissions. Pertaining to pipe materials, Water
Companies can investigate whether standards can be modified to allow for lower carbon pipe materials.
Communication of this ‘change in standards’ to pipe suppliers, could stimulate suppliers to invest in reducing
embodied carbon so as to not lose out on market share.

Desalination and Reuse SROs

Desalination and water reuse SROs share common process technologies, equipment, consumables and
ancillary asset components, resulting in similar carbon hotspots and decarbonisation opportunities. Both
have been therefore analysed together. While the carbon hotspot analysis and decarbonisation opportunities
focus on capital carbon emissions (for the construction of assets as well as emissions associated with
membrane replacements), operational emissions from power consumption for these two SROs are important
to understand. Utilising the government’s projection of grid electricity decarbonisation, if the first year of
operation of either of these SROs is delayed until 2040, it would result in a 50-55% reduction in whole
life carbon compared with operation beginning in 2025.

Returning to capital carbon, the largest hotspots are buildings, tanks and foundations accounting for over
60% of capital carbon emissions. Pipelines also contribute 9% of capital carbon, and replacement of
membranes and consumption of chemicals are also likely to contribute a large proportion to whole life
emissions however it is recognised that more research is required to better understand the emissions from
chemical manufacturing processes and associated emissions from complex supply chains in this sector.

Table 1.3 shows the summary of the recommended ‘middle case’ scenario for the desalination and reuse
options.
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Table 1.3: Desalination and Reuse SRO

Construction 2025-2040 2040-2060
Scenario before 2025
Item
(% Reduction Against Baseline)
Operational Starts operation 2025 (This is the baseline case) 0% - -
Carbon
Starts operation on or after 2040 - 50-55% (against whole life carbon)
Reuse Mid case _ 20% 35%
Capital
Carbon Best case 25% 46% 61%

Notes: “Baseline” in this case is defined as a do nothing approach, whereby the desal plant is constructed with conventional plant
used today, and put into operation in 2025. Operational carbon savings are shown against the whole life carbon of the project.
Capital carbon savings are shown relative to the baseline capital carbon (emissions arising from power are omitted). Note:
capital carbon also includes membrane replacements and chemical consumption over a 60 year operating lifespan.

While operational carbon emissions are simply a function of electrical grid factor decarbonising with time,
capital carbon reductions arise from a multitude of sources. Some reductions may be harder than others, for
example reducing emissions from tanks compared with buildings.

The largest emissions savings would arise from a operating the SROs further into the future when grid
electricity has further decarbonised. The decision of when these schemes are delivered, however, will be
driven by other priorities — such as availability of water, resilience, etc. Therefore, aside from delaying
delivery of these SROs or having direct renewable energy (ie, embedded generation sources with private
wire), Water Companies can focus efforts on reducing capital carbon.

Following the current industry pace, and with a good level of supply chain engagement, the middle case can
be used as a likely trajectory for both desalination and reuse plants Achieving the ‘middle case’ in capital
carbon would require:

e Concrete: Optimising current practice and technology, including fly ash from stockpiles and widespread
adoption of mixes that use limestone powder, calcined clay, and/or volcanic ash as SCMs

e Concrete long term: Engage with supply chain to also adopt AACMs based on calcined clays or volcanic
ash

o Reinforcement Steel: Maintain current levels of rebar recycling. Engage with supply chain to increase
deployment of stove flue or top gas recycling in most BF-BOF sites. Rebuild of plants with advanced steel
production technology

e Membranes: Work with and challenge suppliers to develop longer lasting composite plastic membranes.

If outperformance of the ‘middle case’ is desired progressing towards the best case, acceleration in any of
the capital carbon hotspots (concrete, steel, buildings, or membranes) could be targeted. The greatest
leverage point would be to accelerate decarbonisation of concrete, which would require close engagement
with the supply chain to promote lower concrete alternatives as noted in the discussion section above.

It is important for water companies to have a more strategic engagement with chemicals suppliers, through
Water UK or other industry bodies to better understand the manufacturing processes, global supply chain
logistics as well as the potential to swap chemicals with lower carbon alternatives for any of the desal or
reuse options. UKWIR has done a research project over the years on chemicals and greenhouse gas
emissions however the sector’s understanding needs to significantly improve.
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Glossary / Abbreviations

Abbreviation Description

AAM / AACM alkali-activated materials / alkali-activated cementitious materials

ACWG All Company Working Group (Mott MacDonald)

Alto A5 Related to ‘cradle to gate’. A1 to A5 refers to the life cycle assessment stages, specifically Al to A3
which is cradle to gate and encompasses producing a product, plus A4 and A5 which is the
transportation of the product to site and the use of the product in construction.

Asset A physical entity forming part of infrastructure that has potential or actual value to an organization
and its stakeholders (PAS2080:2016)

Baseline A scenario for what carbon emissions would have been in the absence of planned measures
aiming to reduce emissions (PAS2080:2016)

BFRP Basalt Fibre-Reinforced Polymer

Biofuel Fuel derived from biomass

BF-BOF Blast furnace-Basic oxygen furnace

Capital carbon

Greenhouse gas emissions that can be associated with the creation, refurbishment and end
of life treatment of an asset (PAS2080:2016)

Carbon
capture and
storage (CCS)

Technologies associated with the direct capture carbon dioxide at its emission source, its transport
and isolation (usually involving underground storage)

technology

Carbon Unit for comparing the radiative forcing of a greenhouse gas to carbon dioxide (PAS2080:2016)
dioxide

equivalent

(CO2¢)

Carbon Elements of an SRO that are responsible for a significant proportion of emissions

hotspot

Carbon The assessment, removal and reduction of GHG emissions during the delivery of new, or the
management management of existing, infrastructure assets and programmes (PAS2080:2016)

Carbon The process of minimising GHG emissions in the development of new infrastructure assets and
reduction programmes of work or the refurbishment of existing assets (PAS2080:2016)

Carbon The process of capturing and storing atmospheric carbon dioxide

sequestration

Cradle to gate

Refers to life cycle assessment stages Al to A3, which encompasses the ecological impact of
production of product.

DI Ductile Iron

DN Nominal diameter (e.g., DN800 = 800 nominal diameter)

EAF Electric arc furnace: an industrial method for melting steel / iron using electricity

Emissions The amount of greenhouse gases emitted, expressed as CO2e and relative to a unit of activity
factor (PAS2080:2016)

GGBS ground granulated blast-furnace slag

GFRP / GRP Glass Fibre Reinforced Polymer / Glass reinforced polymer

GHG Greenhouse gas emissions — the total mass of GHGs released to the atmosphere over a specific
emissions period of time (PAS2080:2016)

Greenhouse Gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit

gases (GHG)

radiation at

specific wavelengths within the spectrum of infrared radiation emitted by the Earth’s surface, the
atmosphere,

and clouds (PAS2080:2016)

Page 12
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HGV Heavy Goods Vehicle

HPPE High Performance Polyethylene

HVO Hydrotreated Vegetable Oil — a lower carbon diesel fuel alternative

Hydrogen Grey hydrogen: produced though Steam Methane Reforming. Blue hydrogen: same as grey
hydrogen but with carbon capture and storage. Green hydrogen: produced using renewable
electricity to split water using hydrolysis

MO-PVC Molecularly Oriented- Polyvinylchloride

Operational Greenhouse gas emissions associated with the operation of infrastructure required to enable it to

carbon operate and deliver its service (PAS2080:2016)

PAS2080 Publicly Available Specification (PAS) developed from a preliminary draft prepared by a Technical
Authoring Team from Mott Macdonald and Arup on carbon management in infrastructure

Product / An organization which extracts, manufactures, or produces materials or products for incorporation

Material into works to

supplier construct, build or maintain an asset (PAS2080:2016)

RAG Red, Amber, Green scale

RO Reverse osmosis

SCM Supplementary cementitious materials

SDR Standard dimension ratio. Relates to the pipe wall thickness to the outside pipe diameter for plastic
pipes.

Scope 1, 2, 3 Defined by the GHG accounting protocol, Scope 1 refers to emissions directly within a company’s
control, typically emissions from fuel combustion and process emissions. Scope 2 refers to indirect
emissions from the generation of electricity used by the reporting company. Scope 3 refers to all
other emissions outside the control of the company, notably embodied carbon of products
purchased.

SRO Strategic Resource Option

Tank to wheel

Emissions arising from burning the fuel in a vehicle (e.g. the Scope 1 emissions).

UF Ultra-filtration

Well to wheel Emissions arising from producing the fuel, transporting it to the vehicle, and burning it in the vehicle
(e.g. Scope 1 and Scope 3 emissions)

Whole-life Sum of GHG emissions from all stages of the life cycle of a product or asset and within the

cycle carbon specified system

emissions boundaries of the product or asset (PAS2080:2016)

WRSE (Water Resources South East) - An alliance of the six water companies that cover the South East

region of England
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1 Introduction

The All Company Working Group (ACWG) identified that for the Strategic Resource Options (SRO) Gate 2
submissions it would not be realistic to have detailed cost and carbon estimates of the impacts of different
mitigation options. This would be particularly challenging for capital (embodied) carbon and chemicals where
not all companies have done detailed assessments or carbon data (especially for chemicals) is not very
accurate in the industry.

The ACWG commissioned Mott MacDonald to develop a methodology that identifies key capital carbon
hotspots (and chemicals) for typical SRO option types and that assesses potential decarbonisation
opportunities through building clever or building efficiently measures. This means alternative material or
technology choices or construction practices. It was agreed that build-nothing and build-less options in the
PAS 2080 carbon reduction hierarchy (i.e. how to optimise resources through alternative design practices)
are site specific and will have been considered through the earlier stages of the delivery process, as part of
regional planning and design development stages.

The scope of the analysis focuses on capital carbon and chemicals (as well as replacement of membranes
over time, for the case of desalination and wastewater reuse)

The focus of the assessment is to model four typical SRO option types. These are:

Reservoirs
Pipeline transfers
Desalination
Wastewater reuse
Each option model reflects typical asset sizes to illustrate the decarbonisation opportunities. Each company

will have to tailor the models as part of their own detailed assessments to reflect their own projects and asset
information.
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2 Methodology

To estimate the decarbonisation potential of each SRO type, the following activities have been undertaken.

Task 1 - For each SRO option type (Reservoirs, Transfers, Desalination, Water Reuse), carbon hotspots
have been identified by performing analysis on existing SRO carbon estimates. This analysis has been
limited to one SRO project for each of the four SRO option types.

Task 2 — Having identified major carbon hotspots for each SRO option type, mitigation opportunities have
been investigated through liaison with relevant technical experts and suppliers. This has informed an
understanding of:

1. Current and future carbon reduction technologies/ techniques
2. Potential carbon reductions
3. Likely timescales

A range of potential scenarios have been developed for each technology within the three time horizons being
considered by WRSE (2025-2040, 2040-2060, 2060-2100). These scenarios have been provided to address
uncertainties associated with the viability of future technologies, their commercial readiness, and
dependencies on sector-wide carbon transitions.

Task 3 — To estimate the potential carbon reduction for each SRO option type, analysis has been performed
to model the various scenarios developed within task 2 and apply these to the underpinning carbon data
within each carbon hotspot. From this, a Red/Amber/Green (RAG) scale has been produced for each
technology/technique, based on its potential to reduce the carbon emissions of each SRO option type.

It is important to note that these analyses focussed on key hotspot contributors based on Gate 1 and 2
assessments; for reservoirs and transfer pipelines, this was largely dominated capital carbon emissions,
whereas desal and reuse were found to have a broader mix of capital and operational contributors.

For reference, Scope 1 and 2 emissions refer to those in the direct control of the companies and designers
delivering a project, with Scope 3 emissions being those outside of this direct control. In this report, Scope 1,
2 and 3 emissions are presented from the point of view of the asset owner.
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3 Reservoirs

As summarised in Figure 3-1, hotspot analysis performed on existing carbon estimates for a reservoir SRO
identified earthworks as the primary source of emissions, accounting for over 90% of the capital carbon
impact for this SRO. The hotspot analysis and all carbon assessments in this section cover:

Construction of the public water supply reservoir, including earthworks and haulage associated with on-
site movements of earthworks and import/export of material on to site.
Civil structures within the reservoir footprint, including draw-off towers, roads etc...

The assessment excludes major upstream and downstream infrastructure, such as raw water transfer
pipelines, or water treatment works. It also excludes operational carbon.

These emissions are primarily due to diesel-powered construction plant on-site (16% of emissions), and
quarrying/ HGV transport of imported material (41% and 36% of emissions respectively). For this reason,
alternative fuels for construction plant have been investigated to understand the potential impact on reservoir
SRO carbon emissions.

Figure 3-1: Reservoir SRO Capital Carbon Hotspots

Fencing Roads  Other 17 Categories
Earthworks - 1% 3% 2%
Imported Material
(Plant)
1%

Earthworks - General
16%

Earthworks -
Imported Material
(Material)
41%

Earthworks - Material
Transport & Disposal
36%

The following alternative fuels have been investigated, to reduce the emissions associated with construction
plant operating with diesel.

Battery Electric — Electrification of construction plant could deliver a large reduction in emissions when
compared to diesel plant. The carbon emissions from electric plant are highly dependent on the carbon
intensity of the energy grid, which is anticipated to fall to near zero over the period to 2050. However, this
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technology is currently limited to small plant (<5 tonnes)*, and is likely to be unsuitable for the large
construction plant associated with reservoir construction. It is therefore not considered further.

Hybrid — This technology reduces vehicle emissions by improving fuel efficiency and can deliver a moderate
reduction in emissions. Diesel/ electric hybrid plant are widely available on the UK market at present,
including for larger sized plant (up to ~21 tonnes)*. Future uses of this technology in conjunction with
Hydrotreated Vegetable Oil (HVO) may deliver further carbon reductions.

Hydrotreated Vegetable Oil (HVO) — HVO is a biodiesel alternative which could deliver a large reduction in
emissions when compared to mineral diesel. Currently the UK’s supply of HVO is underdeveloped. Although
construction plant technologies operating with HVO are available, the risk of a secure supply of HVO may
limit its applicability nationwide.

Hydrogen — The use of hydrogen presents the opportunity to move to zero-emissions plant when
considering ‘tank to wheel’ emissions. These are emissions associated with the combustion of fuels to power
construction plant and do not consider the ‘well to tank’ emissions associated with producing the fuels
themselves. This is particularly important for hydrogen as the ‘well to tank’ emissions are largely dependent
on how the hydrogen is produced. At present, hydrogen is mainly produced though Steam Methane
Reforming (grey hydrogen), however future production of hydrogen utilising this process plus carbon capture
and storage (blue hydrogen) or producing hydrogen using electrolysis with renewable energy (green
hydrogen) has the potential to reduce ‘well to tank’ carbon emissions from construction plant. Discussions
with plant manufacturers (JCB and Komatsu) indicate that prototype large excavators (21T and 35T) and
dozers are being developed and potentially available in the next 2 years. However, the nationwide
applicability of fully hydrogen run construction plant in the UK will depend on how fast the hydrogen market
will develop and be commercially viable.

A summary table of the above technologies is provided below:

Table 3-1: Insert Table Caption - Update fields via ribbon

Fuel Type Vehicle Type ‘Well to wheel’ Availability
Carbon Savings?
Diesel Conventional 0%?* Industry standard
Diesel Hybrid 20% Widely used up to 21 tonnes
HVO Conventional 92% HVO only available in limited supply. Vehicles available.
HVO Hybrid 94%
Green hydrogen Hydrogen powered  100%? Green hydrogen not currently available on the market.

Vehicles not currently available.

Notes:  1-Carbon reduction refers to ‘well to wheel’ carbon emission savings, compared to a conventional diesel vehicle.
2-Assuming 100% renewable electricity is used.

Table 3-1 and engagement with construction plant suppliers has indicated that hydrogen is likely to offer the
lowest carbon solution when considering the type and size of plant required for reservoir construction. Of
particular note is that any form of hydrogen is unlikely to offer significant ‘well to wheel’ carbon reductions
until:

1. Carbon Capture & Storage is developed, allowing the production of blue hydrogen, or green
hydrogen from renewable energy is available on the market

2. Infrastructure is developed to distribute these fuels

3. Construction plant and HGVs are commercially available to run on hydrogen.

From current discussions with plant manufacturer Komatsu
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The decarbonisation potential of reservoir SROs is largely dependent on the transition to alternative fuel
sources. Three scenarios have been developed to model the transition to alternative fuels over the three time
horizons considered by WRSE. This results in nine different variants: for examples for the worst case
scenario, there are three different delivery alternatives depending on whether the 8 year construction period
occurs in the next 20 years, 40 years, or beyond 40 years from now. Table 3-2 provides a summary of the
scenarios considered.

Results are presented in Figure 3.2, and show that savings in capital carbon emissions are driven by
improvements in the earthworks, materials transport, and imported material categories. This is due to a
reduction in ‘tank to wheel’ emissions, which are direct emissions from the plant and haulage vehicles
themselves (Scope 1 emissions). Detailed discussion of the results is provided in the next section.
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Table 3-2: Summary of Scenarios

Proportion of Fuels used Within Construction Plant

Scenario Timeframe . Green Comments
Diesel HVO N
Hydrogen
+ Continued supply limitations for HYO
2025 100% - - i )
* Continued use of diesel plant
Worst Case . * Transition to biofuels to hydrogen
2040 - 70% (+hybrid) 30% o . .
» Enhancements in biofuel technology, such as HVO/ electric hybrids
2060 - - 100% » Hydrogen adopted across 100% of construction plant
» Easing of supply limitations and increased use of HVO
2025 50% (+hybrid) 50% = .g PRI . i L
» Continued use of diesel-hybrid plant to supplement supply due to some limitations of HVO supply
Mid Case
2040 - - 100%
» Hydrogen adopted across 100% of construction plant
2060 - - 100%
2025 - - 100%
Best Case 2040 - - 100% » Hydrogen adopted across 100% of construction plant
2060 - - 100%

Notes: *Green hydrogen has been assumed here instead of blue hydrogen since the Carbon Capture Utilisation and Storage (CCUS) technologies are not certain when will be commercially available. Blue hydrogen
can be assumed to have zero emissions.
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Figure 3.2: Summary of Decarbonisation Potential (Well to Wheel)
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This scenario considers a slow hydrogen transition, whereby green hydrogen is adopted across all
construction plant in the 2060-2100 time horizon. In this slow transition, the supply issues noted for HVO are
assumed to remain the same, leading to a continued use of diesel within the immediate future (2025-2040),
with a transition to hydrogen and biofuels such as HVO post-2040. In this scenario it is also assumed that the
use of hybrid construction plant is widespread post 2040, and that this technology can be applied to HVO-
powered construction plant.

As seen in Figure 3.2, the continued use of diesel plant does not provide a reduction in Reservoir SRO
emissions if construction occurs from 2025-2040. Between 2040-2060, the Reservoir SRO emissions fall
dramatically (by 96% against the baseline) due to the use of both hybrid-HVO plant and hydrogen plant used
in earthworks and imported material. This is due to the low carbon intensity of HYO and zero emissions from
Hydrogen. Between 2060-2100, the assumed widespread use of hydrogen eliminates all emissions
associated with earthworks due to zero-emissions produced by burning hydrogen to power construction
plant. This reduces the Reservoir SRO emissions by 96% against the baseline.

In comparison to the decarbonisation of HGV’s discussed in Ofwat’s guidance on long-term delivery
strategies?, this scenario aligns to Ofwat’s ‘slower technology scenario’, with low-emission HGV’s/fleets to
only become standard by 2040. The analysis in this report has been driven by how the market is likely to
respond to the three key time frames of WRSE regional planning options and therefore they are slightly
offset from the 2030, 2035 and 2040 timeframes quoted in Ofwat’s guidance.

This scenario considers a moderate hydrogen transition, whereby hydrogen is adopted across all
construction plant in the 2040-2060 time horizon. In this moderate transition, between 2024-2040, the supply
issues noted for HVO are assumed to ease, such that HVO can be utilised across half of all construction
plant, with the use of diesel-electric hybrid construction plant to address the gap in supply.

As seen in Figure 3.2, the continued use of diesel to supplement the gap in HVO availability limits the SRO
emissions reduction potential to 562% against the baseline between 2025-2040. Between 2040-2100, the
assumed widespread use of hydrogen eliminates all emissions associated with earthworks due to zero-
emissions produced by utilising hydrogen powered construction plant. This reduces the Reservoir SRO
emissions by 96% against the baseline.

This scenario can again be mapped against Ofwat’s guidance on long-term delivery strategies?, falling
somewhere in between their faster and slower technology scenarios for HGV'’s. Low-emission plant
(hydrogen) is not expected by 2030 in this middle-case scenario, but a HVO hybrid is said to be in place as
an interim.

This scenario considers a rapid hydrogen transition, whereby hydrogen is adopted across all construction
plant in the 2025-2040 time horizon. In this rapid transition, the widespread availability of hydrogen would
eliminate all emissions associated with earthworks due to zero-emissions produced by utilising hydrogen
powered construction plant. This reduces the Reservoir SRO emissions by 96% against the baseline. Note
that this reduction considers the ‘well to wheel’ emissions to power the construction plant.

PR24 and beyond: Final guidance on long-term delivery strategies. Ofwat. April 2022. Available: https://www.ofwat.gov.uk/wp-
content/uploads/2022/04/PR24-and-beyond-Final-guidance-on-long-term-delivery-strategies_Pr24.pdf
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Ofwat’s guidance on long-term delivery strategies? predicts a ‘faster technology scenario’ to adopt low-
emission HGVs by 2030, aligning to the best-case scenario discussed above seeing the widespread
adaptation of hydrogen by 2030.

3.6 RAG Scale

A red/amber/green (RAG) scale has been produced of the overall capital emission savings as a summary
(Table 3-3). The RAG scale can be broken down as follows:

- A 0-25% reduction against the baseline emissions is red
- A 26-75% reduction against the baseline emissions is
- A 75+% reduction against the baseline is

Table 3-3: RAG scale for reservoir SROs
% Reduction in total capital emissions

Scenario 2025-2040 2040-2060 2060-2100
Worst Case S % 94% 96%
Mid Case 62% 96% 96%
Best Case 96% 96% 96%
Notes: “Baseline” in this case is defined as a do nothing approach, whereby the reservoir is constructed with conventional plant used
E(l)\ldo?e/.,_ these represent ‘well to wheel’ emissions, critically assuming that hydrogen used is Green or Blue hydrogen with 0
emissions

3.7 Recommendations for Gate 2 Application

When applying this analysis at the Gate 2 stage, the ‘middle case’ can be used as a guideline for the likely
trajectory of future reservoir emissions, assuming a proactive level of targeted engagement with the supply
chain. The analysis behind the middle case is based on the current industry pace, and would require the
following:

e If construction occurs before 2040 (e.g. 2032) convention diesel plant and conventional HGVs
should not be used. The water companies can engage with the supply chain to ensure diesel-electric
hybrid plant are used on site along with HVO powered plant. To overcome current supply constraints,
discussion with suppliers of HVO could take place in the 5 years prior to construction to secure supply for
the duration of construction, for example committing to ordering specific volumes from the market in
advance.

e If construction occurs after 2040, hydrogen should be pursued as a first priority. This is subject to
green or blue hydrogen being readily available, which might require discussion and agreements with the
supply chain years in advance to stimulate investment. It is expected that by this time hydrogen powered
construction plant and HGVs will be available, but ongoing discussions with contractors may be required
to ensure the plant is available at the same time as the fuel source is.

It is recognised that not all of the above actions are within the direct control of the Water Companies, and
that markets need to change and shift. However, with industry often found waiting for demand to spur on
investment in new technologies, large projects such as the reservoirs could be the catalyst needed to
stimulate industry.
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If outperformance of the ‘middle case’ is desired, a greater proportion of HVO could be used instead of
diesel-electric hybrid, or greater stimulation of the hydrogen supply chain could take place to displace diesel-
electric hybrid or HVO.



Mott MacDonald | ACWG Carbon Ambition Page 24
SRO low capital carbon alternatives

4 Transfer Pipelines

Two transfer SRO examples have been selected for analysis to understand the hotspots and
decarbonisation potential across a range of transfer SRO sizes.

o A DNB800 example has been selected to assess the decarbonisation potential of medium diameter
transfer SROs. This is the upper limit of pipeline diameters where a large range of alternative pipe
materials are available.

o A DN1400/1800 example has been selected to assess the decarbonisation potential of large
diameter transfer SROs. Due to material properties, the range of pipeline materials available above
DN8O0O0 are significantly limited.

Table 4-1 summarises the key baseline asset assumptions for both transfer SRO examples, with Figure 4-1
and Figure 4-2 summarising the hotspots within the medium and large diameter transfer SROs respectively.

Table 4-1: Transfer SRO Baseline Assumptions

Baseline Asset Assumption DN800 SRO DN1400/1800 SRO
Pipeline material Ductile Iron Steel
Pipeline length 21.5km 24km (DN1800) & 70km (DN1400)
Construction technigue Open cut Open cut
Length of construction in road 15km 1km (DN1800) / 5km (DN1400)
Bedding in road Imported bed only Imported bed, surround and trench backfill
Road % of excavated material removed 38% 100%
Length of construction in Field 6.5km 23km (DN1800) / 65km (DN1400)
Bedding in field Imported bed only Imported bed and surround only
Field % of excavated material removed 38% 11%

The scope of the analysis includes:

The transfer pipeline, covering A1-A5 emissions covering embodied carbon within the pipe materials and
associated construction effort of installing the pipelines.

Ancillary items, such as, valves, thrust restraints and washouts
Crossings
Allowance for kiosks and buildings

Notably, operational carbon is excluded.

As summarised in Figure 4-1 and Figure 4-2, hotspot analysis performed on existing carbon estimates for
both example transfer SROs identified the pipeline material as the primary source of emissions, accounting
for ~70% of the capital carbon impact for both SROs. These emissions are due to the burning of fossil fuels
to provide the very high temperatures required in the iron and steel making process, process emissions
associated with using carbon as a chemical reductant, and indirect emissions from electricity consumption.

Hotspot analysis has also identified the transportation, excavation, backfilling, and imported backfill as a
large source of emissions for the transfer SRO, accounting for an additional ~25% and ~10% of the capital
carbon impact for the DN800 and DN1400/DN1800 SRO examples. These emissions are primarily due to
diesel-powered construction plant on-site, and quarrying/ transport of imported material.
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As both of these activities account for over 80% of carbon emissions for both transfer SRO examples,
alternative pipeline materials and their decarbonisation potential have been investigated, along with
investigating the potential of alternative fuels for construction plant (previously discussed in Section 3).

= 15km in Road - Pipe Material

= 15km in Road - Transport, Excavation & Installation
= 6.5km in Field - Pipe Material

= 6.5km in Field - Transport, Excavation & Installation
= 15km in Road - Thrust Restraints & Comissioning

= §.5km in Field - Thrust Restraints & Comissioning

= Crossings

= Valves

Figure 4-1: DN800 SRO Carbon Hotspots

= Steel - Field - Pipe Material (DN1400)
= Steel - Field - Pipe Material (DN1800)

= Steel - Field - Transport, Excavation, Installation

(DN1400)
= Clarifiers

= Other 25 Categories

= Steel - Road - Pipe Material (DN1400)

= Buildings

 Pipeline: Tunnel- Water- Pre-cast - Pipe Jack/Tunnel

= Steel - Field - Transport, Excavation, Installation

[DN1800)
» Shafts - PC Segments - Fields - 6-10m depth

= Steel - Road - Pipe Material (DN1800)

= Steel - Road - Transport, Excavation, Installation

(DM1400)
= Roads

= Steel - Field - Thrust Restraint & Comissioning
(DN1400)

= Steel - Road - Transport, Excavation, Installation
[DN1800)

= Steel - Field - Thrust Restraint & Comissioning
[DN1800)

= Steel - Road - Thrust Restraint & Comissioning
(DN1400)
Steel - Road - Thrust Restraint & Comissioning
[DN1800)

Figure 4-2: DN1400 / DN1800 Transfer SRO Carbon Hotspots



Mott MacDonald | ACWG Carbon Ambition Page 26
SRO low capital carbon alternatives

As noted in Section 4.1, the pipeline material accounts for ~70% of capital carbon emissions for both transfer
SROs assessed. Due to this, the following alternative pipeline materials have been investigated, to
understand the current level of carbon reduction achievable if these materials were selected instead of
ductile iron (shown in Figure 4-3). Further investigation and discussions with pipe manufacturers have also
provided insight into how ductile iron, and alternative pipeline materials may decarbonise in the future.

Of note, asset lifespans and maintenance requirements are assumed to be the same among all pipe
materials. At the time of writing the design lifespans of pipe material (e.g. between a steel pipe or HPPE
pipe) are not considered to vary significantly, while the actual asset life of an installed pipeline varies with
other aspects of installation (bedding/surround/size/location etc).

Similarly, different pipelines may require different backfilling requirements. As stated in Table 4-2 a variation
of pipe bedding material has been allowed for between pipe types. Two types of backfill are considered:
imported Type 1 or as-dug material, with proportions of imported fill varying based on pipe type, bedding,
and location (in road or in field).

Ductile Iron (DI)— A conventional pipeline material, commercially available in the UK for a wide range of
diameters up to ~2000mm. As noted with Section 4.1, the burning of fossil fuels and process emissions
associated with iron and steel production result in a relatively high carbon intensity of ductile iron. This, in
addition to the wall thicknesses required for transfer SRO applications (21mm), results in the highest carbon
emissions per metre for a DN800 pipeline.

Steel — As with ductile iron, steel is also conventional pipeline material, commercially available in the UK for
a wide range of diameters up to ~2000mm. Due to the additional stages required to produce steel from iron,
steel is more carbon intensive than iron. However, due to its improved material properties compared to
ductile iron, steel pipes can deliver the same performance with significantly smaller wall thicknesses (6.5mm
— 8mm). This results in the carbon emissions of steel pipe being ~36% less than ductile iron (per metre).
Future decarbonisation of ductile iron and steel largely depend on the uptake of decarbonising technologies
within the industry, as discussed in the following section.

High Performance Polyethylene (HPPE) — A conventional pipeline material, commercially available in the
UK. Assuming SDR11 pipework is required, HPPE is typically only supplied in diameters up to DN80O for
water supply applications, which would make it unsuitable for larger transfer schemes. HPPE has a
significantly lower carbon intensity than ductile iron (per unit volume). However, due to its material properties,
HPPE requires a substantially higher wall thickness (73mm at DN800) when compared to all other materials
considered, resulting in a ~20% reduction in carbon emissions when compared to ductile iron (per metre).
Polyethylene is originally derived from hydrocarbons (natural gas and crude oil), which requires process
electricity and heat for production. Future decarbonisation of this material, in addition to other plastic pipe
materials (GRP and MO-PVC noted below) will largely depend on the uptake of decarbonising technologies
within the industry, as discussed in the following section.

Glass Reinforced Polymer (GRP) — Has been used historically within the UK, however, uncertainties
surrounding maintenance and repairs have resulted GRP becoming an uncommon pipeline material choice
and excluded in some company asset standards. GRP pipes are commercially available in the UK for a wide
range of diameters up to ~2000mm. As with HPPE, GRP has a significantly lower carbon intensity than
ductile iron (per unit volume). However, unlike HPPE, the material properties allow thinner wall thicknesses
when compared to ductile iron (15mm at DN800), this results in the carbon emissions of GRP pipe being
~40% lower than ductile iron.

Molecularly Oriented- Polyvinylchloride (MO-PVC)- Well established in European markets, with
increasing popularity in the UK. MO-PVC pipes are commercially available within the UK, however, they are
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only available in diameters up to ~1200mm, making them unsuitable for larger transfer schemes. As with
GRP, MO-PVC has a significantly lower carbon intensity (per unit volume) than ductile iron, and due to the
material properties, allows a thinner wall thickness when compared to ductile iron (17.4mm at DN80O0), this
results in the lowest carbon emissions per metre of pipe, being 64% lower than ductile iron.

Pipe material is typically selected based on anticipated loadings, material cost, ground conditions, operating

pressures, and the strength of the combined pipe material and trench. When considering the suitability of the
above pipe materials for transfer SRO applications, all materials can offer a solution for the DN800 example,
whereas only ductile iron, steel and GRP are able to offer a solution for larger diameters.
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Figure 4-3: Pipe Laying Emissions of Alternative Pipe Materials
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