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Overview

 Who am |I? What is Strathclyde?

« History of electrical power systems
(Scotland)

 How is electricity ‘'made’?
« Evolution of power systems

* Future developments and
challenges — some research projects

« Skills (and Al?)
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Who am |I?
Campbell Booth
1987 — present: University of Strathclyde

BEng, PhD, RA/RF (Rolls-Royce UTC), Lecturer (2007), HoD EEE (2017),
Vice Dean — Research (2021), Dean (September 2025-)

Research in power system protection — major projects

with National Grid, ScottishPower, EPSRC (CDTs,
lead investigator on active an UK/China grant and
a Prosperity Partnership), teaching (CDTs, director
of Hong Kong Dual Masters, CPD...),

2014 - present: Synaptec (co-founder of spinout)

Distributed optical sensing (voltage, current,
temperature, vibration) - 45 employees, many
projects, clients and new products developed

—recent alliance and investment for growth
https://www.strath.ac.uk/staff/boothcampbellprof/

»

Megger and Synaptec announce strategic alliance to provide grid infrastructure
monitoring solutions - Synaptec



https://www.powerengineeringint.com/coal-fired/equipment-coal-fired/flexitricity-and-national-grid-in-frequency-control-project/
https://www.spenergynetworks.co.uk/pages/phoenix.aspx
https://rescue-project.com/
https://www.strath.ac.uk/whystrathclyde/news/2023/digitaltwinprojectwillinformfutureinnovationintheukenergyindustry/
https://dualmsc.seng.ust.hk/
http://www.synapt.ec/
http://www.synapt.ec/
https://www.strath.ac.uk/staff/boothcampbellprof/

WhO are We? University of Strathclyde
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ENGINEERING
RANKINGS

: : (Times and Sunday Times Good
= Architecture — 9 in UK University Guide 2025)
= Biomedical Engineering — 6! in UK  (Complete University Guide 2026)
= Chemical Engineering — 9t in UK {jies st oncay ines Good
- C|V|I Engineering - 3rd in UK (Guardian University Guide 2025)

= Product DeSign — 6t in UK  (Guardian University Guide 2025)

= Manufacturing and Production Engineering —
6t in UK (Complete University Guide 2026)

= Electronic and Electrical Engineering
— 2" in UK (Guardian University Guide 2025)

i i i — 7thj (Times and Sunday Times
= Mechanical Engineering — 7 in UK (Time )
= Naval Architecture, Ocean and Marine Engineering —

1stin UK/9th in the World (Shanghai Academic Ranking
of World Universities 2024)




>

12141S1d NOILVAONNI ALID MODSV1D

Global Partners: Research

& EEnEAL S48
@ University  (|JUJ] unveesiv or science UNIVERSITY

AND TECHNOLOGY

UNIVERSITY OF 4 TheC|ty
A vwaterloo  TUDelft  [d Ml Y,

New York

Global Partners : Education and Learning

B FEENRARER

== THE HONG K e
U0 wrversor scince @) roumsciveo ST et
AND TECHNOLOGY : COMILLAS

UNIVERSIDAD PONTIFICIA

Amman - Jordan

Global Partners: Social & Economic and Global Policy Influence

ONE
77z United )CEAN
(&) &) OECD e

K7 Nations




>

12141S1d NOILVAONNI ALID MODSV1D

AL Hk HD straZeneca ™ "
MRDD a Astrag arbn babcock [EIzleIs]ISS

<> BLACKARROW® _Z business .@z CENSIS & A‘\ CMAC * CISCO. cATAPUl.T

FINANCIAL SOLUTIONS y gdteWCIy FUTURE MANUFACTURING nected Plac

RESEARCH HUB

caTAPULT  cataPULT cArAPUI.T TV DeLAseW  FEcHris sTEWART  Deloitte.

satellite Applicatio High Value Manufacturing Bl | GUI_I_EEE &
(DD aifciﬂt?oe:gz n&;r(éare Entrepreneurial &K&k esa EY EGENCIA | EDRINGTO N‘ @ Soeeions
h natlonalgrld

\

<)
p— \, / FinTech — o © %
iechnology l'a nt Th O rnto n
@ camene ¢ N Scotland Z Fraunhofer Glasgowlife |,
invest {::}
H LEYTON Q Glasgow NMng

" GLASGOW ':lBiolC @ Investec

L] ;v CHAMBER OF COMMERCE
Institute Scotland

“ sse
Y¥ Royal Bank -‘L SCOTTISH ’ ’
N PL A of Scotland SIEMENS EDGE SCOTTISHPOWER

Skill Scottish o
ggly)glopment Stl"ykel‘ COSMITHS g %ﬁqﬁr}?&rgeo‘c SOUTH BE\TAHQQ

BLOCK
The Scotland technology”‘” m =
5G Centre SCOTLAND CLP @ I:I:' E 6PETRONAS

A\
?@\- synaptec



+ Our Wide Reaching Net Zero & Energy Centres
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Our Industrial Centres

Strathclyde has a history of working with industry to develop, evolve and grow centres that
drive impact with industry.

University of

Strathclyde

A F R C Av‘ P N D C A" UCNEI\;G%SII{E (;:(S)TSATHCLYDE A" ?E’ﬁ%'fé‘gs;'g;”m Medicines Manufacturing

SUSTAINABLE

UNIVERSITY of STRATHCLYDE g ENERGY POLICY W/ DEVELOPMENT [QRLLLVZLTLYeC T Advanced Net Zero
UNIVERSITY OF STRATHCLYDE Innovation Centre
= Advanced Forming Research Centre : E;)t\/;lgﬂsl\ll']eet(\jlvﬁ]rgso’]D?,emonStratlon Centre Founded in 2015, to support with = Launched in 2020t0 = (CPlas fOUnding company = >9,000m2 innovation space,
= Established in 2009 - Unique whole energy systems ongoing transition to Energy Markets support our ongoing SDG behind MMIC, along with office, accommodation and
demonstration facilities to enable the and supporting journey to Net Zero work across the globe Strathclyde, AZ and GSK meeti'n'g space
acceleration of novel multi-vector and : Ef;tglﬁgzé?zﬂrggﬁnfgfat...
consumer-facing energy innovations lerati '
that will be needed to support the acceleration
2009 delivery of Net Zero emissions 20 5

M A A" UNIVERSITY of STRATHCLYDE -
7,
C C ADVANCED NUCLEAR N
g/ RESEARCH CENTRE . _ > B OWESA

National Manufacturing WHOLE R SYSTOMS ATt
Institute Scotland SEta

= Continuous Manufacturing and Industrialisation Centre

Advanced Crystallisation = Advanced Nuclear Research Centre = National Manufacturing Institute Scotland = Strathclyde hosts the Driving
= Established in 2011 = Established in 2015 = Established in 2019 the Electric Revolution -

Industrialisation Centre for
Scotland, Hosted with PNDC. * Whole Energy Systems
*  Founded in 2019, Accelerator, coming
together with PNDC and
Energy Systems Catapult
from 2022.
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EPSRC and related portfolio

= Strathclyde: 70 awards with a value of £116.4M
- 18t overall and higher than 10 of the 24
Russell Group universities

= Engineering: 27 awards with a value of £44.5M

= Engineering lead/partners in 6 Centres for
Doctoral Training —partners in 9 CDTs from
24/25

= 5 Prosperity Partnerships (of 66)

= Hubs, programme grants, Network+ on EDI in
Engineering

= 6 Future Leader Fellows, 3 EPSRC, 6 RAE, 2
Iberdrola, 1 ESRC, 1 Leverhulme, 1 RSE

UK Research
and Innovation

Future Leaders Fellowships

. | and Innovation

PSRC UK Research
Enginsering snd Physical Scen
R 5 Cociacll

EPSRC Centres for Doctoral Training

@ Network+




e\ University of
> Strathclyde

Glasgow

History of Electric
Power
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https://www.geograph.org.uk/photo/116551
https://www.smartgrids-electricity-
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English: Powerhouse of the Fort Augustus Abbey hydro-electric scheme. This is the power house of
the first hydro-electric scheme in Scotland to supply electricity to the public. It was built by the monks
of Fort Augustus Abbey in 1890 and supplied the Abbey and 800 residents in the village. Water was
supplied to the 18kW turbine via an aqueduct. The North of Scotland Hydro-Electricity Board required
the closure of the scheme as a condition of the supply of mains electricity to Fort Augustus in 1951.

https://www.sse.com/about-us/our-heritage/



https://www.geograph.org.uk/photo/116551
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.smartgrids-electricity-vehicles.com/Heritage_Cultural/Godalming_Surrey_Electricity_Street_Lighting_1881_Public_Power_Supply_First_British_English_Waterwheel_Hydroelectric.htm
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
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In April 2025, we submitted an application to the Scottish Ministers under
Section 36 of the Electricity Act 1989 to convert Sloy into a pumped storage
hydro scheme with a proposed pumping capacity of up to 100MW.

dH L1

Our plans for Sloy

An adapted pumped storage scheme would take excess energy from the grid and use it to pump
water from Loch Lomond to the upper Loch Sloy where it would be stored before being released
to power the grid when wind output is low and customer demand is high.

If progressed for development, the proposed pumped hydro storage project at Sloy would
become SSE's second such flexible electricity storage scheme in development, alongside the
company’s plans for its proposed 1.3GW Coire Glas scheme between Fort William and Inverness

in the Scottish Highlands.



https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/

https://www.sse.com/about-
us/our-heritage/

Edison Clectric Kight.

Do not attempt to light with
match. Simply turn key

on wall by the door.

T—— QP & RO C—

The use of Electricity for lighting is in no way harmful

to health, nor does it affect the soundness of sleep.


https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
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Brief History of Electricity in Scotland

1940s

Dawning of a new era

Against the backdrop of World War Il, Churchill's
Secretary of State for Scotland, Tom Johnston, is the
driving force behind bringing power to the Glens while
in England the nationalisation of energy supply in 1947
brings opportunities to expand business.

Image: Tom Johnston, Morar opening ceremony 1945

https://www.sse.com/about-us/our-heritage/



https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
https://www.sse.com/about-us/our-heritage/
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https://assets.publishing.service.gov.uk/media/660441fee8c44200112203b4/Location_of_major_UK_electricity_generation_capacity_since_1920.pdf
https://assets.publishing.service.gov.uk/media/660441fee8c44200112203b4/Location_of_major_UK_electricity_generation_capacity_since_1920.pdf
https://assets.publishing.service.gov.uk/media/660441fee8c44200112203b4/Location_of_major_UK_electricity_generation_capacity_since_1920.pdf
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Brief History of Electricity in Scotland

Coal-fired (esr; Oil-and gas-fired e

Conventional hydro-electric [edit]
Name Name
Several of Scotland's hydro-electric plants were built to power the aluminium smelting industry, but many more were built in the mid-
Aberdeen!?] Arnish 20th century by the North of Scotland Hydro-Electric Board to supply the communities of the Highlands. These were built in several
Barony Barral8! "schemes" of linked stations, each covering a catchment area, whereby the same water may generate power several times as it
descends.
Bonnybridgel*l | E Bowmoref!
7 Location c i Gross c ity Y
: ounci apaci ear
Braehead Brodick Name $ Operator ¢ | Scheme + (UKgrid < ¢ | head ¢ P 4 o s
Campbeltown4] reference) area (m) (MW) commissioned
= Ml i [4]
Clyde's Milll"l g/ Daliburgh Achanalt 44l | SSE Renewables Conon NH308619 Highland 20 3 1956
Grangemouth
P — Aigas [4°] SSE Renewables Affric-Beauly | NH474436 Highland 18 20 1962
| ki Osspower/Glenfalloch
5 u rverp Allt Fionn [46] 3 ; NN331209 Stirling 180 2 2012
almarnock El Estate
: Kirkwall Allt-na- ' Argyll and
Dundee (Carolina C i L 47] SSE Renewables Shira NN231136 249 6 1956
Port)l4115] LerwickAand B | airige Bute
4
Dunfermline | Lochalshl* Allt na Moine ) )
(Townhill) 4! Loch Carnanl!"! | 28] Allt na Moine Hydro Ltd | - NG692541 Highland 2 2023
Falkirk[] Peterhead Auchtertyre .
Stornoway [49][50] RWE - NN353290 Stirling - 0.7 2000
Galashiels!*]
Sullom Voe
1 inall121013] 51 South
Kilmarnock!] Terminal Blantyre [°1] Blantyre Hydro Ltd - NS695583 ' - 0.575 1995
Lanarkshire
: : i oal14]
STl il Tiree Lanarkshire Hydro- South
. . ou
Longannet Tobermory[4] NN tan [52] ‘ Clantria OA | ‘ 1 m‘rbiesel IQQ’ﬁé?é‘: ‘ an ‘ 14 1007

https://en.wikipedia.org/wiki/List of power stations in Scotland



https://en.wikipedia.org/wiki/List_of_power_stations_in_Scotland
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Brief History of Electricity in Scotland

WEDAM
BUILDERS

JAMES MILLER

https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255

POWER
FROM THE

GLENS

https://luath.co.uk/products/the-hydro-

boys?srsltid=AfmBOogYNBmMgE78s1Vg9aKwdswvOWnYNrPVJgZgDKImVB9bTO0XIxmzi7



https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://www.amazon.co.uk/Dam-Builders-Power-Glens/dp/1841582255
https://luath.co.uk/products/the-hydro-boys?srsltid=AfmBOoqYNBmgE78s1Vg9aKwdswvOWnYNrPVJqZqDKlmVB9bT0Xlxmzi7
https://luath.co.uk/products/the-hydro-boys?srsltid=AfmBOoqYNBmgE78s1Vg9aKwdswvOWnYNrPVJqZqDKlmVB9bT0Xlxmzi7
https://luath.co.uk/products/the-hydro-boys?srsltid=AfmBOoqYNBmgE78s1Vg9aKwdswvOWnYNrPVJqZqDKlmVB9bT0Xlxmzi7
https://luath.co.uk/products/the-hydro-boys?srsltid=AfmBOoqYNBmgE78s1Vg9aKwdswvOWnYNrPVJqZqDKlmVB9bT0Xlxmzi7
https://luath.co.uk/products/the-hydro-boys?srsltid=AfmBOoqYNBmgE78s1Vg9aKwdswvOWnYNrPVJqZqDKlmVB9bT0Xlxmzi7

Electricity

|
,

I University of

6% Strathclyde

Glasgow
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What is electricity — and electric power?

High-ish

pressure,
low flow
high-ish
power

if it can) — power is the product of voltage and current
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What is electricity — and electric power?

Low
pressure,
(mega) high
flow, mega-
power

Voltage (pressure) is required to cause current to
flow — power is the product of voltage and current
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How is voltage produced?

Shortage of electrons

Excess of electrons
O = %
L s N_ |- /L N
+ ;N / @j
attery ?‘_ L
E/
dd
e =
dt

Voltage (pressure) is required to
cause current to flow (in a circuit)
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How is electrlmty made’? TURBINE GENERATOR

//

Coal, oil, nuclear
to raise steam
from water

Turbine
spins shaft

Gas combustion ,

to directly drive ™ feriey o p FE
. Ay Al CUSE

turbine o, N

Ll A
——————

1
Magnet

Compressor

North
pole

Water flow to
directly drive
turbine

-~ Direction of
electric current

e

To transmission lines
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How is electricity ‘made’?

Wind drives a
turbine directly

TURBINE GENERATOR

=l TN

Not so controllable and predictable

(converters ofte

n required too)

Solar drives — 3 —
chemical . p— — —
reactionto = puE N
create a DC pory
voltage = EEEE e mmmE-~UEEEEEE I " orection
electri
td
To transmission lines
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How is electricity ‘made’?

Battery electric storage
(storing energy from

“excess” renewables
ideally)

More Controllable and predlctable

but 30 3

ull UULI_Y 1V1 3610

turbines?)

Geothermal to
raise steam for
turbine

\

TURBINE GENERATOR

o
&~ =2

To transmiss

n lines
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How is electricity ‘made’?

Rolls-Royce plans mini nuclear
reactors by 2029

® 24 January 2020 - B 940 Comments
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Science & Environment

https://www.bbc.co.uk/news/business-51233444

Nuclear fusion: new record brings
dream of clean energy closer

(® 8 February 2024 - B 1050 Commen ts
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https://www.bbc.co.uk/news/business-51233444
https://www.bbc.co.uk/news/business-51233444
https://www.bbc.co.uk/news/business-51233444
https://www.bbc.co.uk/news/science-environment-68233330
https://www.bbc.co.uk/news/science-environment-68233330
https://www.bbc.co.uk/news/science-environment-68233330
https://www.bbc.co.uk/news/science-environment-68233330
https://www.bbc.co.uk/news/science-environment-68233330
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How is electricity transmitted and distributed?

132K

400-275KY
Transmission Overhead

OverHead Lines

Power Station Pawer Station W a
Substation o m ﬁ -

Substation Lines GSP Substation

33KV
1KY g gglzrground 1IKY
[Underground [Underground
Cable . _ Cable
Secondary Substation Primary Substation
11KV
OHL
Large Customer Homes
T\

Faoen — Tmme———— |r---—J--——1¢

Link Pillar

Street Lighting
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How is (was) it
all controlled?

_|
T
m
M
>
@]
(=
—
_|
<
O
M
m
z
®
Z
m
m
Py
zZ
®

https://www.reddit.com/r/MachinePorn/comments/px9y8q/ ‘
a_beautiful centrifugal governor of a steam_ engine/



https://www.reddit.com/r/MachinePorn/comments/px9y8q/a_beautiful_centrifugal_governor_of_a_steam_engine/
https://www.reddit.com/r/MachinePorn/comments/px9y8q/a_beautiful_centrifugal_governor_of_a_steam_engine/
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How is (was) it all controlled?

Everyone must go at same (predetermined) speed, but
some put in more effort (power) than others



S Strathclyde

Glasgow

Evolution and Future
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GB: Post 2025 Coal & Nuclear Power Stations...
/" ESO Control Room & Birmingham, 01 October 2024

* The end of an era -
National Grid can confirm that for the past 24 )
hours, it has supplied GB's electricity demand Ratcliffe-on-Soar

without the need for #coal generation. tati d
Great Britain goes without Coal Generation for 24 hours p O W e r S a I O n e n S
coal generation

Friday 21st April 2017 was the first 24-hour period since the 1880s where Great Britain went without coal-fired power stations.
1000

800

600
400 No coal
generation
200 for 24 hours
0

8 [ 6 12 18

sms ) Mon17 Tue18 w«ns Fri 21
April 2017
natlonalgrld Source: National Grid

3:11 PM - 21 Apr 2017

The UK's last coal-fired power station will

close its doors for the final time today (30"

April 2017 October 2024

First no-coal day since late . No-coal days forever
1800s

generation at midnight — marking a key
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Evolution of Electrical Power Systems

* |ncreased offshore and onshore wind farms
* Increased solar

= Distribution connected generation _
= Storage

...electrification is accelerating
= Heat

* Transport

...plus

= Hydrogen, Heat, Cooling,
“prosumers”...




All models are wrong,

" but some are useful.
-‘

MIT
Technology
Review

The power grid system is often described as the most complex machine
ever built. Because the grid is so vast, it is impossible for any one person to
fully grasp everything happening within it at a given moment, let alone

predict what will happen later.



By 2035.

Offshore wind Solar Interconnectors  Battery storage

I I8 1@ I

45to6times 25to5times 25to3times 4.5to10times

growth in capacity growth in capacity growth in capacity growth in capacity

Building over Building around

5 times ﬁ 4 times =

more more ..
Delivering

transmission overhead or transmission marine for 2035:

underground lines than we cables than our current Upgrading the grid for

have built in the last 30 years. offshore network. affordable energy future

https://www.nationalgrid.com/deliveringfor2035



https://www.nationalgrid.com/deliveringfor2035

Renewable energy in China

i . i i ! University of
Explainer: The numbers behind China's renewable energy Sirathclyde
boom | Reuters Engineering

Fossil fuels now make up less than half of China's total installed capacity for power generation.

In 2020, China committed to have 1,200 GW of renewables capacity by 2030, but isIon track to meet that I

China has built over 31,000 miles (50,000 kilometers) of high-speed rail, making it
the largest network of its kind in the world. Accounting for roughly two-thirds of all
high-speed track on the globe, the system connects over 96% of cities with
populations exceeding 500,000. w Wwikipedia +3

8000

6000

4000

2000

0

The UK's HS2 high-speed rail project is now estimated to cost Irillion
between £87.7 billion and £102.7 billion. The initial London-to- Grid by
Birmingham phase is delayed to open between 2036 and 2039,
with trains not reaching the central London terminus at Euston until
at least 2040. @® The Guardian +2
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Power converter dynamics play an increasing
and dominant role in the GB power system Stiathclyde
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Potential issues “converter-dominated”

Strathclyde

power systems |

Frequency stability issues

* Less time for primary controllers to
react

* Increasing RoCoF and dynamics
Voltage stability issues

* Faster voltage control might be
required
System strength issues
* Protection — detection/speed/stability

* Fault “ride through” — for generators
and loads

Detailed need specified in
pathfinder project

Stability PathFinder. National Grid ESO

'ht'fps://www. vdccentre.com/our-projects/eso-stability-pathfinder/
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Potential issues “

power systems

RoCoF = =L

(atl

0
nvelter-dompn% eeéJ’s Ing % of

non-synchronous
generation

Future power
systems are
“wobblier”



e\ University of
> Strathclyde

Glasgow

Power and Energy
Research at Strathclyde



Dynamic Power Systems Laboratory g 35

Engineering
400V microgrid,
power converters, machines, loads

Real-time simulation, measurement, and
‘;Ng:;@ protection testing
Live Grid MVP _.—‘
Wlde area monltorlng /

/
’W‘ https://livegsridmvp.herokuapp.com/ /
‘ MICI‘O-PU prototype protection & control

demonstrator (64 PMUs)

B e T Y :—!-;_'_,,_ s

90kVA, 15 kVA Trlphase converter "“‘;



https://livegridmvp.herokuapp.com/

Power Networks

. https://pndc.co.uk
Demonstration Centre
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Oscillation Events in GB Power System

VA magnitude

https://www.bbc.co.uk/news/articles/c3ggnz6296do

T University of

Strathclyde

Glasgow

A67_ Oscillatilon Event l” ”‘H‘\ (| TT— ‘
wv”wh“v"v’v"v” i M“Jf“f»"u"u"w"uM"M"ﬂvW” MMM”JW O
= 0000 es

Traffic lights across city go down following
power surge

By Stephen Dun|

xpected to restart soon occurred before,
frequency within a

RENEWABLE ENERGY NEWS m ISSUE 509

Scottish grid |Ssues
snut dovvh Seagreen

S I d h

SSE Renewables and under: d h e prompted ”
TotalEne g s 1. 1GW h d opowerdown |8
Seagreen wind farm off east  the d f arm 27km off Angus.
Scotland has been ofﬂine There have been five
for over amonth duetogrid  days since mid-June when

tability pro bl ems. the grid north of the border

Th e pr J h chis experienced the stability
the commissionin g phase, issue, although recent
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ding to n ork log undersfood. wo
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= Multiple events:

* Aug 202l

* Jun/Jul 2023

* Jan, May, Oct 2024
= Range: 3-20 Hz

Root Causes:
= Control interaction

= Controller mistuning
= PLL issue

Current measures:

= Enhanced real time
monitoring

= EMT modelling/stability
analysis

= Compliance testing


https://www.bbc.co.uk/news/articles/c3ggnz6296do

Live Grid MVP

IEEE C37.11 Controller
Ethernet output \ (quad-core CRU)

A ¥an -, ¢

R S s B

- PMU data (S£/} 50 frames/s)

- Demand and generation data (£:15 4;

B

- Freq and oscillation events detection and

records

Apr 18
12:43:22
Date/Time

Live PMU Circuit Phi

12:43:28, Apr 18

—_ Ph_b : 135.5461
Ph_c : 15.42686

VB1 CIRCUIT VOLTAGE

VC1 CIRCUIT VOLTAGE

VA1 CIRCUIT PHI

VB1 CIRCUIT PHI

VC1 CIRCUIT PHI

Real Time PMU

University of

Strathclyde

Glasgow

v GB Power System Performance Weekly Summary: 27/02 - 07/03 2022
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Integration of renewables — some other projects

/ Dr Adam Dysko, Dr Agusti Egea-Alvarez \
How can inertia be provided

from offshore wind farms?

ﬁr Qiteng Hong, Dr Adam Dysko, Dr Agusti Egeh
Testing of a grid forming

controlled battery

nationalgrid

nationalgrid

o /

/ Dr Adam Dysko, Prof Campbell Booth \
Hybrid grid forming and
synchronous condenser

SP ENERGY
k NETWORKS /

k @®BELECTRIC’ p

ﬂ)r Agusti Egea-Alvarez, Dr Panos Pa_padopoulch
First grid forming test in a

real wind farm

L = ER

Member of National Grid ESO working group on VSM, Member of the ENTSO-
E working group on power systems with high penetration of converters

Dr Agusti Egea-Alva rez}




Ocean REFuel v Supergen Offshore Renewable

Energy Hub
Investigating the pot

offshore__ v

Ocean REFuel is a five year research programme created to establish a fundamental scientific and
engineering understanding for the conversion of Ocean Renewable Energy to liquid and gaseous fuels.

The £10 million research project funded by the Engineering and Physical Sciences Research Council.

@ n CARDIFF &2 g ' . . . -
e O ol University of ez 'Digital twin' project will inform future innovation in the UK
trathclyde j B Nottingham [ERREEED Newcastle
UK | CHINA | MALAYSIA (@A X{B)TIY University B energy industry

Glasgow
Funded by % ‘ ‘

23 May 2023

Ti dAI Ra n ge Sc h e m es a S CO n ﬁ gU ra b I e G r i d = A major ‘Prosperity Partnership’ project, awarded to a consortium of partners led by SP Energy Networks and the University
sca I e E n e rgy sTo ra ge fa c i I iti es (TA RG ET) of Strathclyde, has received industry and government funding of almost £10 million.

The project will create a ‘digital twin’ of future multi-vector energy networks, and will assist with the drive to meet the UK’s
2050 net zero emissions objectives.
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News

£1.3M grant to develop pioneering superconducting
electrical machines for zero emission aviation

e v - Ty

.

9

7\, LIVING Pricing and =<-. Market simulation and o TV vs
*lLAB CATAPUI'T control signals scenario analysis & < PNDC
Thousands of homes ,” \\"\ State of the art
across the UK ,/' P\ AN . Y\ whole system
) /4 W E S A ﬂ . demonstration facilities
\ Whole Energy Systems Accelerator bl e
N\
S L 2 K7 v
_ = \ / o
r- Live data Ener%y d:;a : T =R ? %
L_N . recreated with reql !
"@“ oy homss ” network testing i Z f:\ =

Real-time monitoring and historical data for homes at device and
whole-home level

Network impact studies — in silico and real-world via Power-
Hardware-in-Loop (PHiL)

Future LCT uptake scenarios by tailoring consumer population

Future electricity market emulation

Feedback for pricing/control signals to participating homes to
influence demand

Consumer insight into experiences of new technologies and
propositions

STEAM ggg@mg;-Hour Subsurface Thermal
E glneered structures and

k‘--u;! —
.

Contﬂ ﬂ(')fessor Zoe Shlpton Umve{sny of Strathclyde
— zoe shipton @strath.ac.uk

———

* In 2020, wind curtailment payments in the UK were £282M: enough to power
1.25 million homes and equivalent to £4 per MWh of energy generated.

* 120GW of 'spare’ electricity in East Ayrshire alone = close to the regional annual
heat demand of 188GWh (26,000 people + industrial demand)

* 1% of known UK mine entries = potential thermal store of ~1900GWh(th)

* equivalent to worst-case weather week demand for ~10% of UK homes'(Z.SM)

STEAM researchers will answer:

1. What is the mineshaft thermal energy storage (MSTES) opportunity in
the UK?

2. What are the risks (e.g subsidence or water contamination)?

3. How can we optimally ‘plug MTES in’ to the grid?

% In early 2024 we will deliver a world-first "
University of . . min . ~ <
Strathclyde fully monitored .demons'.crator site injecting | | -
Glasgow heat into a mineshaft R i

@l SPENERGY s e
SPENERGY  VATTENFALL @ A7 SILIXA (@) Ken

3] Ease Ayrshire Counci : 4‘: ‘C“' K usseronsza
Nl NATIONAL PRIDE | Authority S seaetaiansss

1Heat Pumps
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Ensign (Energy
System Integrated
Digital Twin)

University of E RI OT
Strathclyde %;J WAL'T

Glasgow

rower — 33 Wl Scottish

Networks
Delivering your electricity ater

tﬁle e Scotland

Logan

WHERE MINDS MEET

hydrogen technologies

| Funder

E:girjeelr;ng. and (UK Government)

Research Council £10m total funding
SP ENERGY Co-Funder &
NETWORKS Delivery Team

@Universityof ’&’d UNIVERSITY OF

%’ St Andrews & LIVERPOOL

Y. A VAR " i
f EAREARE SR B
W vee ©U SR }

=

The National

FIeX|tr|C|tv (\) HVDC Centre
nahonalgnd

= o0 Sy
. L S
) R
i ’
| B B

/4 Partner & Support
' q Team

TRANSPORT
SCOTLAND

ALBA UNIVERSITY of STRATHCLYDE

< PNDC



Why Ensign? @ENSIGN

https://ensign.ac.uk/

* The most complex machine ever built is gettlng

(much) more complex

— ...with increased uncertainty
— ...and more volatility

= But we have more data
— ...to build our understanding
— ...creating and using Digital Twins
— ...create new (better models)

* Then we can identify and quantify challenges,

opportunltles and solutions

( SP Enel’gy AT ersity of HERIOT ¥ B=xd) University of
( Networks Strathdyde % WATT LIVERPOOL St Andr}éws

Engineering

FOUND;

1413



https://ensign.ac.uk/
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Figure 3: Geographical breakdown of jobs needed to get the UK to net zero by 2050
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LinkedIn
in

https://uk.linkedin.com > jobs » energy-jobs  $

JObs, jObs, jobs (4 ScottishPower

AboutUs ¥ Careers ¥ Corporate Governance ¥ Media Centre ¥ Investors ¥ Suppliers ¥ Sustainability ¥

We're Recruiting - 1,000 New Green Jobs

83000+ Energy jobs in United Kingdom (5217 new)
83,000+ Energy Jobs in United Kingdom (5,217 new) - Energy Engineer - Graduate Energy

NAanmiilldAant . ChnAavAngs N ~aAnlhint .

7000

number of vacancies in the

energy and utilities sector,
recorded March 2020°

CiintAairnAkilisn, DNAM CinAvAns

Infrastructure and Projects Authority (Spring 2016),
'National Infrastructure Pipeline'.

ONS (201 6), Business Register and Employment Survey.
ONS (201 6), ONS Vacancy Survey.

UKCES (2016), UK Employer Skills Survey, 2015.

NUMBER OF
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of hard-to-fill vacancies are
challenging because of skills
issues”
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Community spirit Engineering innovation Journey to net zero

7 reasons to choose an
apprenticeship

> Stories > Community spirit

https://www.nationalgrid.com/stories/com

munity-spirit/7-reasons-choose-
apprenticeship

The three best things about the apprenticeship are the
friends that you make,

Watch on (3 Youlube

1. You join the Net Zero Energy Workforce

The UK is on a journey to cut carbon emissions and reach net zero by 2050. The energy sector needs to play a major part in achieving
this — but, to do so, we’ll have to build the Net Zero Energy Workforce. Our research shows that the energy sector needs to recruit
400,000 roles by 2050. By choosing an apprenticeship, you can learn the vital skills required to fill some of the roles that will help us build
a greener, cleaner energy system.

2. Skip those student loans

Heading to university is by no means cheap. By taking on tuition fees and funding your living costs too, many students graduate not just
with a degree but with hefty debts. With an apprenticeship, there are no fees to pay for now or further down the line.

3. Earn from day one

As an apprentice, you’ll receive a salary throughout your apprenticeship. On top of this, as a National Grid apprentice you’ll get free, full
board accommodation when attending our academy and we’ll cover travel costs associated with your training.

4. Kickstart a career
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octoral Training

University of

Strathclyde

Engineering

\ .“,

PhD@Workdl |

Programme

What is the PhD@Work programme?

The programme is aimed at graduate engineers and scientists
in full-time employment who are conducting, or are interested
in conducting, high-quality research in their place of work.
Candidates will be jointly supervised by their employer and
experts from the Faculty of Engineering at the University

of Strathclyde, allowing them to carry out research and

gain a PhD qualification while remaining in their current
employment, making valuable and impactful contributions to

2 z L Find out more
academia, their company, and society.

https://www.strath.ac.uk/media/1newwebsite/departmentsubject/engineering/researchimages/PhD@Work Programme flyer 2023.pdf

Home Aboutus People v Ourwork v Fortnerwithus v Joinus (PhDs) v News

Accelerating the affordability,
scalability and sustainability

of green hydrogen and wind
energy

EnerHy brings together three leading
universities and 60+ partners to translate

culling-edge research into real-world energy

solutions.

Wie buikd the tolent and technology for a Net Zero future and give researchers, industry, and
stakeholders a platform to tum bold ideas into mecsurable impact.

How do you coat a live gas
pipeline for hydrogen?

Our first D cohort dasignad and bult o pipaling
Inspaction gouga to apply hydrogen-rasistont Sning —
responding to a realk-warid chaliange sat by Codant
Gas, the LK's lorgest gas distribuion natwork, to
owvercome hydrogan ambrittiomant.

Future leaders Partner with us

Our work

Wwa're advancing hydrogen Shapa the future with Enarky Tallored partnerships to
and wind aneegy research - get poid to work on SUPPOI Your OrgoniSolon’s
and innavaticn whike shaping cutting-acge projects Qoaks, ond rake your profie
the Nat Zaro workiorea. alongside leading industry. as 0 Net 2ero keader.

Shape the future, shape your future with Enerty

Eaactly Eaghasaring Hycragen Mee Tam

‘\ \\ ¢

ene; Hy |\

\ DOCTORAL TRAINING

Watch on (£3 YouTube

https://enerhy-cdt.ac.uk/



https://enerhy-cdt.ac.uk/
https://enerhy-cdt.ac.uk/
https://enerhy-cdt.ac.uk/
https://www.strath.ac.uk/media/1newwebsite/departmentsubject/engineering/researchimages/PhD@Work_Programme_flyer_2023.pdf

A, IGNITE

Strathclyde

‘S Network+ Glasgow

Innovation and Growth Needs Inclusion and
engagement of all Talent in Energy research

Prof Becky Lunn, Head of the Centre for Ground Engineering and Energy Geosciences
Department of Civil and Environmental Engineering, University of Strathclyde

£1M EPSRC Network (2022 — 2026)

“to support sustainable, abundant, clean and
equitable energy for all, by harnessing the talents of
energy researchers from all backgrounds”



A. IGNITE @ Diversity in the UK Energy
W Network+ Sector

0 (o)
5% . 3
UK
Energy Sector Population

There are great opportunities...

https://www.ignitenetplus.ac.uk/



https://www.ignitenetplus.ac.uk/
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Summary

e Massive increase in:

Complexity and uncertainty — new vectors
Data and information

Active units (distributed generators,
energy storage, controls, V2G, etc.)

Comms infrastructure and security
requirements

* Research in monitoring, control
and protection continues

e System changing - learn a lot from
data — with caution

 ...need skilled people (HI) — and
Al...?

What could go wrong

Power goes out. People have enough food and
water in their homes for only the first day or so.
& Key installations rely on generators at first.

Government cannot communicate with people.
Few have battery powered radios. No phones,
no internet, no television. No one knows what's
going on.

Water goes and people cannot flush their toilets
or get drinking water. Hygiene plummets
quickly.

Initial fuel reserves run out. More fuel cannot
be fetched from storage tanks without
electricity. Lorries cannot run for deliveries.
Generators cannot run.

People need food and water, but no shops, no
money, ATMs, banking or contactless payments.
Looting starts in some places and order breaks
down. Lack of communication means people still
do not know what's happening and distrust of
the government festers.

Cities uninhabitable within days if sanitation
not up and running, particularly in hot weather.

|."'m Possible disease outbreaks. May need
evacuating.

Grid eventually restarted, but removing
contamination from water supply may take

months.




System turning “upside down” and is more
than ever before — we must (re-)

Research on how future systems will operate and be
controlled and protected is critical

Al has a place in
behaviour — but for such a “critical” system
like ours, we must be about applications



Engineering

University of
Stl'athClyde h n k University of ‘ ;
Glasgow I Strathclyde

Strathclyde students bring Baird's pioneering
television invention back to life

Tos
Re-purposing into Lighting: Never one to waste
resources, the resourceful young inventor

stripped down his telephone network and used e ieviors
the copper wires to construct an electric

Students at the University of Strathclyde have reconstructed a working version of John Logie Baird’s

. . . :
generator and Ilghtlng SyStem for h|S parents original mechanical television, ahead of the centenary of the Scots inventor’s groundbreaking

house [1 2] demonstration.

== https://www.linkedin.com/posts/university-of-strathclyde strathengineering-stem-innovation-activity-7334152573467181056-HiWH

usa Helensburgh & District

Prof Campbell Booth campbell.d.booth@strath.ac.uk
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