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Study at Newcastle University

Completed Stage 2 of a Bachelors in Mechanical Engineering, I'll be
going back in September to start (and hopefully finish) Stage 3

My primary career aspiration would be to work in Formula 1 as part of
a pit crew/engineer team

Wasn’t very interested in trains before | started at NR, now I’'m a bit of
a fanatic
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My time at Network Rail so far

*  Work with the Contact Systems team in
Technical Authority — predominantly OLE

*  Met lots of new people

*  Been on some very interesting trips, such as visiting an HS2 site (Old
Oak Common) and the largest mechanical signal box in the country
(Severn Bridge Junction)
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Some things I’ve been working/worked on

* Walsall OLE Bespoke training

* NP Electrical Safety Training Material
* Design for Reliability

*  Enginuity 2025

* Carbon Cost of Electrification
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As the UK approaches its net-zero goal of 2050, reduction of railway
emissions play a crucial role.

. . 0™ 0-

The railway emits: O =N\ ©
1.4% of UK transport emissions, Q . ZERO _ /v
And 0.5% of total UK emissions. O "9

Travelling by train emits 3-5 times less carbon than driving (pp/km),
Around 6 times less carbon than flying (pp/km),

And a single freight train may be able to remove up to 70 HGVs from the
roads.

Electrification could be a real solution to this net-zero goal.

Objective of study is to analyse current carbon emissions of electrification
and explore opportunities to reduce this.

Page 5



NetworkRail

Initially, | researched the plans and strategies of rail-based institutions
and organisations

All are committed to net-zero and have action plans to achieve this by
2050

All institutions mention electrification as a primary contributor to net-
Zero

Some mention hydrogen power, the complete removal of diesel trains
by 2050, and battery power to achieve multi-modal optimisation
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Scope of Project

» 80 stk total length o . o

» 80 stk open route OLE (UKMS) . [musy--mrmmee-e e L

* All assets included in diagram E | "3‘"’”"1” - *m ;,%E' “f*'w?“ ’f-“é-"-""' : =l
*  40km vegetation clearance : ac TL TT%_-%L %i : -
*  40km ethernet fibre optic D e —— — rcnnl

cabling e po— 5 s
* 33 bridges,
°* 11 need no work

* 11 need track lowering
* 11 need rebuilding (1x 4-lane, 2x 2-lane, 4x footbridge, 4x farm user bridge)

* @Grid connections are not included
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Gives a whole life carbon management strategy.
Carbon emissions are split into modules.

Module A — before use (A1-A3: production aggregated, A4: transport to
site, A5: construction on site)

Module B —in use (B1-B5: use, maintenance, repair, replacement,
refurbishment)

Module C — after use/end of life (C1-C4: demolition, transport, waste
processing, disposal)

Emitted carbon for each module is calculated through the WLC Baseline
Tool.
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WLC Baseline Tool

*  Worked to the 80 stk scope.

* Analyses each asset by module to calculate total carbon emitted.

* Each module has been calculated based on well-rounded assumptions.
* Can be used to obtain a total emitted carbon value for 80 stk.

* 38,824,036.4kgCO.e
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Baseline Analysis

Main areas of carbon dioxide emissions
are Route Clearance and the OLE
supporting structures.

Over 90% of total emissions within
electrification come from these two
areas.

NetworkRail

N

EC Total from Baseline Tool (kgCO2e)

These areas have the highest potential in s

reduction of carbon emissions.
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Scenario 1: Need for Track Removal

Baseline VS Track Removal Scenario

* Route clearance is the biggest carbon
cost of electrification.
* Inthe baseline, it is assumed that tracks  soomo
are renewed when lowered.

* If tracks are reused instead of renewed, w0
there is an estimated carbon reduction of ***"
around 2.9 million kgCO,e. o

0.0
Total EC - Baseline (kgCO2e/kg)  Total EC - Track Removal Scenario

° Th i S i S a p p rOXi m ate | y 2 5 % Of a | | Ca r b O n M Feeder Station H Mid Point Track (Stgc::J:::gS)tation
emitted by route clearance.

M Earthing/Bonding W Switches

H Route clearance
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Baseline VS Discontinuous OLE Scenario

* |f discontinuous OLE is used in a ratio of  owoms

Scenario 2: Discontinuous OLE

3:1 electrified:non-electrified, 25% of
supporting structures can be removed.
* This gives a decrease of around 4.1
million kgCO,e in the area of OLE. -
*  ‘Properly planned’ discontinuous
electrification assumes that the need for ...
route clearance can be avoided in 75% of S —
Ca S e S ] Total EC - Baseline (kgCO2e/kg) Totz;lciia-rlijc:s(ckc;rét(ljnzic;E;OLE
e This Causes a huge reduction in Ca rbon lTrackSe.ctcionStation OLE Supporting Structures
savings, roughly 15.4 million kgCO.e. o

H Route clearance
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Scenario 2: Discontinuous OLE (Cont.) /1

Baseline VS Discontinuous OLE Scenario

* Additional carbon costs must be added:

*  Troughing and cabling to connect adjacent e

. 35,000,000.0
sections of OLE

. .. . 30,000,000.0

*  Potential battery emissions, due to trains .

needing at least one method of power whennot

under OLE -
15,000,000.0

* Troughing totals to 294,400.1kgCO,e.
° Cabling data is unavailable, unlikely to come  ,, —
Close to the reductions made. Total EC - Baseline (kgCO2e/kg) Totz;lciia-rlijc:s(ckc;rétcl)nzl;cx;)OLE
H Feeder Station B Mid Point Track Sectioning Station
([ One 4800kWh BEMU emits 350,400kgC02e M Track Section Station OLE Supporting Structures
. . o . . . . M OLE - Wiring M Booster Transformers
in its lifetime, meaning 55 diesel trains could eorthingsoncing
be retrofitted from these savings. " foute dearonce
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Baseline VS Discontinuous OLE Scenario

*  LCC Conductor Wire may only be a small oo

Scenario 3: Low Carbon Copper Conductor Wire

improvement, but it is an improvement "
nonetheless.

*  This wire uses ‘very efficient ore
concentration processes’ and a ‘world-

class green energy mix’ to allow for a
saving of 150,000kgCO,e per 80 stk. e L

*  While it may be less economically viable, L M
this reduction could be as easy as just ok ton st B
changing a supplier. e

H Route clearance
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Composite Masts (CFRP)

Not enough data to accurately calculate carbon — some values given as 5 times
more energy intensive to process than steel, some say 15.

If these values are true, they would need to be 15 times lighter than steel to
make it worth using them, to allow more to be transported at once and avoid

transport emissions.

CFRP is not able to be recycled at the same extent as steel — the processes used
are either far more expensive or will yield poor recyclability.

In-house Component Manufacture
The materials to make components must still travel from their origin.

If in-house component manufacture was adopted, there would be an increase
in UK emissions, therefore proving more of a detriment than a benefit.
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Break Even Points

Break Even Point - Baseline
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Break Even Point - Route Clearance Scenario
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Break Even Point - LCC Conductor Scenario
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Re-use track that is removed during track lowering — approx. 3 million
kgCO,e saving.

Discontinuous OLE — approx. 19 million kgCO,e saving.
LCC Conductor Wire — approx. 150,000kgCO,e saving.

Composite masts — unable to tell, seems unlikely there will be great, if
any, benefit.

In-house component manufacture — more likely to increase carbon
emissions than reduce them.

Page 17



NetworkRail

The study of composite material production greenhouse gas emissions needs

improvement, to define an objective value for carbon for each of the
modules.

It may also be appropriate to investigate the use of varying OLE types, such
as an auto tensioning system vs a manual tensioning system.

There should be extra study on the carbon content of lithium-ion batteries,

allowing more accurate data on the exact carbon emitted by retrofitting
diesel trains with battery systems.

It is necessary for more suppliers to list carbon datasheets on their products

to ensure that it is possible to keep track of emissions as the UK approaches
the deadline of achieving net zero.
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Thank you for listening
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everyone
home safe
every day
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