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1. Introduction

National Grid Electricity Transmission (NGET) have engaged Power Systems Consultants UK Ltd (PSC)
to carry out a series of heat calculation studies related to the HVDC cables for Eastern Greenlink 5
(EGL5) to be used in their Environmental Impact Assessment (EIA) report. This report follows from
similar works completed by PSC UK related to Eastern Greenlink 3 (EGL3) and Eastern Greenlink 4
(EGL4). For further details on these please see reports JK12352-0 EGL3 Heat Calculations and JK12352-
0 EGL4 Heat Calculations.

This report has been provided to show indicative heat plots of the proposed cable system. The heat
plots within this report aim to imitate the worst case installation parameters which may be required
for this project.

This report is not a cable system rating report aimed at optimising the cable system design or selecting
the cable size required to meet the continuous current of the system.

The cable sizes in this report are based on generic cable sizes within the industry which would be
expected to be utilised on this project.

2. Methodology

To assess the temperature at the seabed environments resulting from electromagnetic losses
converting into heat within the cables, modelling and calculation was used to determine heat plots for
each scenario. The methodology from IEC 60287 has been used, a trusted and widely used standard
for evaluating the thermal and electrical performance of cable systems under varying environmental
and operational conditions.

The cables to be modelled will be selected based on their physical dimensions and thermal and
electrical properties, using data from cables similar to those anticipated for the EGL5 project. This
modelling process ensured that the results reflect realistic cable behaviour under the specified
conditions. Details of the specific cable models used are described in the following section.

Two cable models were used for calculating the heat plots for each case/scenario, these are described
in Table 2-1. All cables had the following common parameters:

¢ Number of cores: 1

e Material of conductor: Copper
¢ Material of insulation: XLPE

e Voltage: 525kV
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Table 2-1: Details of Cable Models used in Heat Plot calculations

Diameter of Diameter of External

Cell Description CHLEGHERIE | el Conductor Insulation Diameter
Reference p Conductor Sheath
A Offshore Cable - | o 14 Stranded | Lead 63.4 128.8 173.8
3000mm
D Offshore Cable - | o\ 4 Milliken | Lead 58.1 123.5 167.9
2500mm?

To calculate the temperature distribution around the cables, the Cableizer cable rating software tool
will be utilised. This tool applies the IEC 60287 methodology to produce detailed heat plots that
visualize the temperature rise around the cables. These plots will depict thermal contours for each
modelled scenario, offering insights into the cable system's performance under varying environmental
and operational conditions. The analysis will include example plots for offshore HVDC systems.

2.2. Conditions

A series of scenarios incorporating various environmental conditions will be conducted to evaluate the
thermal performance of the cables. The conditions reflect the environments to which the cables are
likely to be exposed and were based on the previous proposal and RfP document provided EGL3 and
EGL 4 Heat Calculations Request for Proposal (RfP) - “C01494 NGET_INS_DO0335 (Heat RFP).pdf :

The following conditions were used for offshore cable modelling, as described in the proposal
document.

e Water depth: 100 m
e Ambient temperature: 12 °C
e Seabed thermal resistivity: 1.1, 1.7, 2.0 (Temperature Constraint) & 2.5 K-m/W
e C(Cable laying arrangement:
o Directly buried in bundle
o Inducts (Landfall HDD)
e Depth of burial (to the top of ducts/cables):
o 1,2 and 6 m (offshore)
o 20,30and 40 m at (Landfall HDD)

Conditions for each case are summarised in Table 2-2.

. Thermal
Ambient Resistivity of
Description Depth(m) Temperature . J . Cable Used
(°C) Native Material
(K.m/W)
1.1,1.7,2.0 Offshore Cable -
1 Offshore 2 12 (Temperature .
. 2500mm
Constraint)
Offshore Cable -
2and3 Landfall 40 12 1.2,2.5 3000mm?
Cables in Seabed below 1.1,2.5,2.0 Offshore Cable -
7 6 12 (Temperature .
Sandwave . 3000mm
Constraint)
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Table 2-2: Summary of Assessed Conditions

3. Results

The results presented in this section use the parameters described in the Section 2.2. The results shown
are the heat plot outputs from Cableizer, the full results are included in the appendix and provided as
an attachment titled “EGL5_Heat_Calculations_-_Results_and_Datasheets.zip”.

The results presented were modelled with a constraint for the current at 1930A and within the
maximum allowable temperature of the conductor 90°C.

3.1. Current Constrained Results

In this section, the calculations were modelled with a constraint for the current at 1930A and within
the maximum allowable temperature of the conductor 90°C.

The following section, 3.2 shows the results when the temperature of the conductor is set to 90°C,
which gives the maximum influence heat impact of the cable as they are not designed to operate
above this temperature.

3.1.1. Case 1 — Offshore Cables

Figure 3-1 shows the heat plot for the offshore cables, at 2m burial depth with an ambient temperature
of 12°C and thermal resistivity of 1.1 W-m™-K™,
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Figure 3-1: Heat Plot for Case 1 - Scenario A — Thermal Resistivity: 1.1

Figure 3-2 shows the cables at the same depth and ambient temperature, but with a thermal resistivity
of 1.7 W-m K™%, The cables in this model exceed the maximum operating temperature and therefore
would de-rate the cable. The model has been left in to indicate this risk of higher thermal resistivity
values if encountered in the route.
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Figure 3-2: Heat Plot for Case 1 - Scenario B— Thermal Resistivity: 1.7

© 2026 Power Systems Consultants UK Ltd
Room 301, Maling Exchange, Hoults Yard, Walker Road Newcastle upon Tyne, NE6 2HL, United Kingdom Revision 2
P: +44 7967 228 064 W: https://www.pscconsulting.com Page 8 of 26



https://www.pscconsulting.com/

JK16229-2 EGL5 Heat Calculations

3.1.2. Case 2 and Case 3 — Landfall Scotland/England

As the parameters were identical for both England and Scotland landfall, all scenarios in this case
represent both landfall sections. Due to the depth of burial, the equivalent depth method was utilised
with a lifespan of 40 years, to simulate deep burial thermal inertia. Cableizer uses the IEEE transactions
on power delivery paper 'Ampacity Calculation for Deeply Installed Cables'' as a basis for this
calculation. All scenarios for this case were modelled with a burial depth of 40m, ambient temperature
of 12°C.

Figure 3-3 shows the heat plot for the landfall cables with a thermal resistivity of 1.2 W-m™-K™,

In the case of a scenario with a thermal resistivity of 2.5 W-m™-K™%, this is an unlikely parameter and
the model would fail as it vastly exceeded the required 90°C limit imposed.
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Figure 3-3: Heat Plot for Cases 2 and 3, Submarine Cable, Landfall — Thermal Resistivity: 1.2

! Ampacity Calculations for Deeply Installed Cables | IEEE Journals & Magazine | IEEE Xplore
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3.1.3. Case 7 — Cables in Seabed below Sandwave

Figure 3-4 shows the heat plot for the offshore cables buried in the seabed below sandwaves, with a
burial depth of 6m, ambient temperature of 12°C and thermal resistivity of 1.1W-m™-K™2,

In the case of a scenario with a thermal resistivity of 2.5 W-m™-K™%, this is an unlikely parameter and
the model would fail as it vastly exceeded the required 90°C limit imposed.
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Figure 3-4: Heat Plot for Case 7 - Cables in Seabed below Sandwave — Thermal Resistivity: 1.1
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3.2. Temperature Constrained Results

In this section, the calculations were modelled with the cables represented as heat set to a
temperature of 90°C. Each model in this section represents the “worst-case” scenario of the cable
system.

3.2.1. Case 1 — Offshore

Figure 3-5 shows the heat plot for the offshore scenario of 2m burial depth, a temperature of 12°C
and a thermal resistivity of 2.0 W-m™.K™,
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Figure 3-5: Heat Plot for Case 1 — Offshore — Temperature Constrained

3.2.2. Cases 2 and 3 — Landfall

Figure 3-6 shows the heat plot for the landfall scenario of 40m burial depth, a temperature of 12°C
and a thermal resistivity of 2.5 W-m™-K™1,
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Figure 3-6: Heat Plot for Case 2 and 3 — Landfall — Temperature Constrained

3.2.3. Case 7 — Cables in Seabed Below Sandwave

Figure 3-7 shows the heat plot for the offshore scenario of 6m burial depth, a temperature of 12°C
and a thermal resistivity of 2.0 W-m™-K™1.
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Figure 3-7: Heat Plot for Case 7 — Cables in Seabed Below Sandwave — Temperature Constrained
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4. Conclusions and Recommendations

The heat plots shown in this report under the various models and scenarios are representative of the
cables under full load. It should be noted that these are representative of the proposed systems and
that the actual installation once detailed design has been completed may differ.

As can be seen in the heat plots throughout this report the temperature below ground (not at ground
level or above, these are not included in the heat plots) around the cables has increased in temperature
and reduces further from the cables. The heat plots and isotherms below ground are heavily
dependent on the depth of the cables & thermal resistance values used. The thermal resistance values
included in this report are highly conservative to represent a worst case scenario. During project
development ground investigation works will be carried out to determine the actual ground thermal
resistance properties which could well be lower than those used in this report.

The actual system is unlikely to reach these temperatures as the system would have to operate at full
load continuously for an extended period of time (months/years) to meet these temperatures. In
reality the system will not be at full load for this long and therefore the temperature will fluctuate
and be unlikely to reach these maximumes.
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Appendix A — Datasheets and Results References

A.1 Cable Datasheets Reference

Table 4-1 details the cable datasheets describing the modelled cables. The datasheets from Cableizer
have been attached to this report within this appendix.

Table 4-1: Cable Datasheet Reference Table

Cable Reference Description Document Folder Name
A Offshore Cable - 3000mm2 Cable A - Offshore - 3000mm2
D Offshore Cable - 2500mm?2 Cable D - Offshore - 2500mm?2
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A.1.1 Cable A (3000mm?) Datasheet

Cable datasheet
Tithe Ciffshare Cable « EGLS « S000mm2 Cu [#23185)
created Date: 20260210 Time: 18:41 Software version: delf (2026=02=01)

Info! Electric stress is higher than recommended in MF-C33.253 (L, > 380 kV).
CIGRE TE 880, guidance paints 15, 20, 23, 25, 30, 32, 33, 34, 38, 15, 42, 44, 45

General Data

Rated line-to=line woltage Us 500 kv
Blase voltage for tests [’ 2490 kY
Highest voltage for eguipment U 550 kY
Mominal system frequency F D Hz
Mumber of conductors cable e 1
Number of phases in a cable Mz 1

conductor

condusiod ineld

created by Cableizer

Cable elements
Conductor
Crossesactional area condusctor A 1 = 3000 mm®
Conductor material M Copper, round stranded
Extermal diameter conductor de 63.4 mm
Radius conductor e 31T mm
i
2
Insulation
Insulation material M; Crosslinked polysthylens [XLPE)
Thickness condwctor shield tea 2.7 mm
Thickness insulaticn . 30 mm
Thickness insulation screen ta 2 mm
Thickness insulation ke 3.7 mm

fze + Bow + D + I

m Cabluizer specife sl dmclai=s sny werramtio, i=duding, bet ot limeted to, the =plisd warranbtas of merccamablity, sccwrscy, or b for any
ﬂﬂhlﬂlzﬂr particeler purpsss. In na svant shall Cableiner b= lishls = any party for any demage sroing out of the s of nformatson in s decusant.
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A.1.2 Cable D (2500mm?) Datasheet

Cable datasheet

Tithe Offshore Cable = EGLS - 2500mm2 Cu (#29182)
created Date: 2026-02-10 Time: 18:40 Software version: delf [2026=02-01)

Info! Electric stress is higher than recommended in NF=C33.253 (L, = 380 kW)
CIGRE TE 880, guidancs points 15, 20, 23, 25, 30, 32, 33, 34, 38, 30, 42, 44, 45

General Data

Rated linestos=line woltags e 500 KW
Ease woltags far tests Ll o0 kKW
Highest valtage for eguipment [ 55D KV
Mominal system frequency ¥ D Hz
Mumber of conductors cable ne 1
Mumber of phas=s in a cable [ 1

comductor

conductos dhnekd
el it
wrenl Al SCTets

acreem bedding
sheath
anmoer beddegy
armEEE
jacket
created by Cableizer
Cable elements
Conductor
Crossesectional area condusctor A 1 » F500 mm*
Conductor material A Copper, round stranded
External diameter comductar d: 58.1 rmm
Radius condwctor fc 305 mm
de
2
Imsaslatior
Insuslation material My Crosslinked polysthylene [XLFE)
Thickness conduwctor shield [ 2.7 mm
Thickness insulaticn [ - 33 rmemi
Thickness insulation scresn [/ Z mm
Thickness insulation [ 34.7 mm
tee + Bow + Line + fia
[ Cabluizer spocifcally dacksims sny warramtiss, i=cuding, bet =t limted 1o, the imslied warrantiss of —srceanability, sccuracy, o it e ay
Cﬂbl&lzer particelar purpcss. In na svent shall Cablei e e lisbls to any party for any damages srising out of the cae of nformaton in this documam.
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A.2 Results Reference

Table 4-2 details the calculated results sheets describing the heat losses for each case. The results
sheet from Cableizer have been attached to Appendix A.3 for the current constrained results and
Appendix A.4 for the temperature constrained results. Some of the results sheets have a graphical
error in showing the preview image, where it is stated “There was a problem printing the preview.
Please open the project and save again”, however, this is simply a preview showing the layout and
does not affect the results, which can be seen on the next page of the results document.

Table 4-2: Results Reference Table

Description Document Folder Name
Case 1 - Offshore Cables - Scenario A
1 Offshore Cables -
Case 1 - Offshore Cables - Scenario B
2and 3 Landfall Cases 2 & 3 - Landfall
7 Cables in Seabed Below Sandwaves Case 7 - Cables in Seabed Below Sandwave
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A.3 Current Constrained Results
A.3.1 Results Sheet — Case 1: Offshore Cables (Scenario A)

Report
Title Case 1 - Offshore Cables - Scenario A (EGLS)
Project EGL5 Heat Calculations
Description 2m Burial Depth
Temperature: 12degC
Thermal Resistivity: 1.1 K.m/W
Created Date: 2026-02-10 Time: 18:45 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1965)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of it { of the soh Nese 12
Calculation time 0.196 =
Sum of currents from all systems b - 1930 A
Sumufmajemdmwnpmrsﬁuualm Orum 66.34 °C
Number of overheated electrical systems ]
Sum of losses from all systems Wi 63.408 W/m

200 100 ’ 100 X0
Q specifically daciaims any woar nchudi bt-ﬂumdb.lhudldmnl—cl-*m-ﬂty.cmam—bnny
mbl‘ er p.ud.purv—. Inmmld\dlc-ﬂ-:'h-hdl-h-urp-nylwanyd.n“rh\;mldt}-—d T jan in thia do
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A.3.2 Results Sheet — Case 1: Offshore Cables (Scenario B)

Report
Title Case 1 = Offshore Cables = Scenario B (EGL5)
Project EGLS Heat Calculations
Description 2m Burial Depth

Temperature: 12degC

Thermal Resistivity: 1.7 K.m/W
Created Date: 2026-02-10 Time: 18:50 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1966)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of iterations of the solver Nese 15
Calculation time 0218 s
Sum of currents from all systems p - 1930 A
Sum of average conductor temperatures from all systems Orum 94.23 °C
Number of overheated electrical systems 1
Sum of overstemperature from all systems Al 4.23°C
Overheated electrical systems A
Sum of losses from all systems Waim 69.287 W/m

e b ——

s of

daclat including, bet not limited to, the &

Cableizer specifically
mb'@or particslar purpoes. In

© 2026 Power Systems Consultants UK Ltd

my i e telity,
na svert shall Cableizer be lisble to any party for any damages sciing cut of the wae of inf

Room 301, Maling Exchange, Hoults Yard, Walker Road Newcastle upon Tyne, NE6 2HL, United Kingdom

P: +44 7967 228 064 W: https://www.pscconsulting.com

Revision 2
Page 19 of 26


https://www.pscconsulting.com/

JK16229-2 EGL5 Heat Calculations

A.3.3 Results Sheets — Cases 2 and 3: Landfall

A.3.3.1 Thermal Resistivity: 1.2 K.m/W

Report
Tithe Case 2 and 3 - Landfall - Offshore (EGLS)
Project EGLS5 Heat Calculations
Diescription Offshare
Burial Depth: 40m
Temperature: 12degl
Thermal Resistivity: 120 m/W
Arrangement
Arrangement subsea project [#1967)
Dyptions Mans=
CIGRE TE 880, guidance points 02, 05, 09, 26, 31
Systems A
Statistics
Mumbs=r of iterations of the soler [ - [
Calculation tirms D684 =
Sum of currents from all systems - 1930 A
Sum of average conductor temperatures from all systems [ - B4.65 °C
MNumber of owert i electrical systems o
Sum of | from all =y Woanm 51.316 Wfm
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JK16229-2 EGL5 Heat Calculations

A.3.3.2 Thermal Resistivity: 2.5 K.m/W

Report
Tithe Caze 2 and 3 - Landiall - Offshore (EGLE)
Project EGLS Heat Calculations
Description Offshore
Burial Depth: 40m
Temperature: 12degC
Thermal Resistivity: 13 . m "W
Created Date: 2026=02«11 Time= 15:36  Software version: delf | 2026=02-01]
Arrangement
Arrangement subsea project [#1967)
Dpticns Mo
CIGRE TE 880, guidance paints 02, 06, 09, 26, 31
Systems A
Statistics
Mumber of iterations of the soler [ &4
Calculation tims 0677 s
Sum of currents from all systems j - 1930 A
Sum of average conductor temperatures from all systems aum 64585 °C
Mumbeer of overheated electrical systems o
Sum of losses from all systems | L L 51.316 W,'m
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JK16229-2 EGL5 Heat Calculations

A.3.4 Results Sheet — Case 7: Cables in Seabed Below
Sandwave

A.3.4.3 Thermal Resistivity: 1.2 K.m/W

Report
Title Case 7 - Cables in Seabed Below Sandwave (EGLS)
Project EGL5 Heat Calculation
Description Burial Depth: 6m
Ambient Temperature:
Thermal Resistivity: 1.1 K.m/W
Created Date: 2026-02-11 Time: 15:34 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1551)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of it W of the sob Nesee 70
Calculation time 0.697 s
Sum of currents from all systems b - 1930 A
Sum of average conductor temperatures from all systems Oum 62.18 °C
Number of overheated electrical sy o
Sum of losses from all systems Wi 50.892 W/m
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JK16229-2 EGL5 Heat Calculations

A.3.4.4 Thermal Resistivity: 2.5 K.m/W

Report
Title Case 7 - Cables in Seabed_.. TR 2.5 (EGLS)
Project EGL5 Heat Calculation
Description Bunaqunh.ﬁm
ﬂmnalhmmy.zsk.mjw
Created Date: 2026-02-11 Time: 1553 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1969)
Options None
CIGRE TB 880. guidance points 02, 06, 09, 26, 31
Systemns A
Statistics
Number of iterations of the solver Nese 88
Calculation time 102s
Sum of currents from all systems p - 1930 A
Sum of average conductor temperatures from all systems Orum 134.7 °C
Number of overheated electrical systems 1
Sum of over-temperature from all systems Abpsn 447 °C
Overheated electrical systems A
Sum of losses from all systems Wi 63.334 W/m
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JK16229-2 EGL5 Heat Calculations

A.4 Temperature Constrained Results
A.4.1 Case 1 — Offshore Cables

Report
Tite Case 1 - Offshore Cables - (TC) (EGLS)
Project EGLS Heat Calculations
Description 2m Burial Depth
Temperature: 12degC
Thermal Resistivity: 2.0 K.m/W
Created Date: 2026-02-11 Time: 15:32 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1971)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of iterations of the solver Nesee 10
Calculation time 0.163 s
Sum of ts from all sy p - 177275 A
Sum of average conductor temperatures from all systems Oaum 80 °C
Number of overheated electrical systems o
Sum of losses from all systems Wi 57.704 W/m
- o . -

00 102 ¢ 100 00
Q ifically daciaims any wor including, bet mot limited o, the iplied e of merch dality, v, o fit=esa for any
mbl‘ er p-ﬂc-l'puru_. InumMC-ﬂ-a—hIlnuab-nypeybmyd-ng-uhgmld&u—d T san in thia do

© 2026 Power Systems Consultants UK Ltd
Room 301, Maling Exchange, Hoults Yard, Walker Road Newcastle upon Tyne, NE6 2HL, United Kingdom Revision 2
P: +44 7967 228 064 W: https://www.pscconsulting.com Page 24 of 26



https://www.pscconsulting.com/

JK16229-2 EGL5 Heat Calculations

A.4.2 Case 2 and 3 — Landfall

Report
Title Case 2 and 3 - Landfall - Offshore = TC (EGLS)
Project EGL5 Heat Calculations
Description Offshore
Burial Depth: 40m
Temperature: 12degC
Thermal Resistivity: 2.5K.m/W
Created Date: 2025-11.18 Time: 1557 Software version: d354 (2025-11.17)
Arrangement
Arrangement subsea project (#1968)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of iterations of the solver Neste
Calculation time 0545 s
Sum of currents from all systems Toum 1666.68 A
Sum of average conductor temperatures from all systems Oruem 80 °C
Number of overheated electrical systems. v]
Sum of losses from all systems Waie 41.512 W/m
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JK16229-2 EGL5 Heat Calculations

A.4.3 Case 7 — Cables in Seabed Below Sandwave

Report
Title Case 7 - Cables in Seabed... (TC) (EGLS5)
Project EGLS5 Heat Calculation
Description Burial Depth: 6m
Ambient Temperature: 12degC
Thermal Resistivity: 2.0 K.m/W
Created Date: 2026-02-11 Time: 1557 Software version: delf (2026-02-01)
Arrangement
Arrangement subsea project (#1970)
Options None
CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A
Statistics
Number of iterations of the solver Nesee 43
Calculation time 0486 s
Sum of currents from all systems p - 1807.53 A
Sum of average conductor temperatures from all systems Gaum 90 °C
Number of overheated electrical systems o
Sum of losses from all systems Woss 48.825 W/m
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