Protection of Future Power Systems @

Strathclyde

Engineering

Prof Campbell Booth, Dr Qiteng Hong, Dr Steven Blair
University of Strathclyde, Glasgow, Scotland

campbell.d.booth@strath.ac.uk

AWARDS %
2019

WINNER

University of the Year 1

GOOD
UNIVERSITY
GUIDE

SCOTTISH
UNIVERSITY
OF THEYEAR

IEEE Workshop on Representations of Power
Electronics for Grid Dynamic (PEGD) Studies
Imperial College London, 5" December 2019



mailto:campbell.d.booth@strath.ac.uk

Overview

e Whoam |, where do | come from?

 The changing power system:

- impact of increasing penetration of
converter-interfaced renewable
generation — challenges and
opportunities

- electrification of heat and transport
* Overview of potential solutions:

- on-going work at Strathclyde and
partners on protection (+ monitoring
and control)

e Conclusions and discussion




Who is Campbell Booth?

1987 — present: University of Strathclyde umw
Strathclyde

Engineering

BEng and PhD: power system protection and
monitoring, then post-doctoral researcher (Rolls-Royce)

Member of academic staff: projects with a range of
government, industry and academic partners

Now head of EEE department at Strathclyde

2014 - present: Synaptec (Strathclyde spinout)

Distributed optical sensing (voltage, current,
temperature, vibration) for power system protection,
control and monitoring WWW.syhapt.ec



http://www.synapt.ec/
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University of Strathclyde, Glasgow, Scotland > -

« Core strengths in engineering, science, and
business - 22,000 students

* Electronic and Electrical Engineering
— 500 academic/research plus support staff and 7. S kS
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— One of the largest European power systems SR
research institutes
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EEE at Strathclyde

nology.

The Royal College

e Academic staff

e Student teaching
and student space
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GB: Current Coal & Nuclear Power Stations
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GB: Post 2025 Coal & Nuclear Power Stations?
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The changing power

EXHAUST
10-15%

ELECTRICITY
IMPORT EXPORT



http://www.bettergeneration.com/green-energy-factsheets/feed-in-tariffs.html
http://www.bettergeneration.com/green-energy-factsheets/feed-in-tariffs.html

Changing generation

200 2016 2025 2050
180 % of capacity that 37%
is decentralised
160 46%
140 Solar + wind
120 35%, around 85 GW
10

Installed generation capacity (GW)

N
|
|
|
|

TD SP SS CP TD SP SS CP
mm Storage mm Biomass mm CCS mm CHP Gas mm Coal mm Hydro
mm |nterconnectors mm Marine mm Nuclear mm Offshore Wind mm Onshore Wind
Solar mm Other Thermal mm Other Renewable

http://fes.nationalgrid.com/media/1253/final-fes-2017-updated-interactive-pdf-44-amended.pdf



http://fes.nationalgrid.com/media/1253/final-fes-2017-updated-interactive-pdf-44-amended.pdf

Changing generation

/ w ESO Control Room @

/ @NGControlRoom

Follow v

National Grid can confirm that for the past 24
hours, it has supplied GB's electricity demand
without the need for #coal generation.

Great Britain goes without Coal Generation for 24 hours
Friday 21st April 2017 was the first 24-hour period since the 1880s where Great Britain went without coal-fired power stations

Coal Generation

(MW)
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generation
200 for 24 hours
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natlona]grld Source: National Grid

3:11 PM - 21 Apr 2017

"\ ESO Control Room @

' @NGControlRoom

Follow v

56% low carbon and no coal generation.

Carbon Intensity ...

Carbon Intensity
Snapshot - GB electricity system
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Yesterday #wind generated 32.6% of GB
electricity, more than gas 24.5%, nuclear
17.9%, imports 9.9%, biomass 5.7%, solar
5.6%, hydro 3.3%, coal 0.3%, other 0.2% *excl.
non-renewable distributed generation
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April 2017

First no-coal day since late
1800s

April 2018

Three consecutive no-coal
days

March 2019

33% wind contribution —
common throughout March




Chart 6.3 Renewable electricity capacity (as at end of quarter) (Table 6.1)
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835114/Renewables_September_2019.pdf

Reducing system inertia

The area under The most common

the curve shows |/ value is 220GVA.s
the distribution

of system inertia

in 2016/17
The minimum and
maximum values are
100GVA.s and 350GVA.s
| T e
0 50 150 200 250 300 400

System inertia (GVA.s)
e 2016/17 === 2020/21 === 2025/26

From National Grid System Operability Framework 2016






Declining System Inertia
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Reducing fault levels

SOF 2015 Regions — SCL Decline 2025/26 vs 2015/16 Levels
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What could go wrong

U K. g rOWth I n CO ntrO I I a.b I e Power goes out. People have enough food and
4, water in their homes for only the first day or so.

reSO u rceS (an d CO m p I eXIty) & Key installations rely on generators at first.
Few have battery powered radios. No phones,
- Monitoring data

quickly.
be fetched from storage tanks without

e Needs breakthrou g hinlICT = 77 ceneratorscannotrun.
Looting starts in some places and order breaks
the government festers.

° O p po rtu N |ty to Iearn a Iot fro m th e Sy Possible disease outbreaks. May need

- Government cannot communicate with people.
- - mE no internet, no television. No one knows what's
 Massive Increase In: going on.
Water goes and people cannot flush their toilets
or get drinking water. Hygiene plummets
- Controllable units (generators, - T ————————
ene rgy Sto rag € ! etC ) electricity. Lorries cannot run for deliveries.
. . People need food and water, but no shops, no
| nfrastru Ctu re an d Se C u rlty money, ATMs, banking or contactless payments.
. . down. Lack of communication means people still
[ N ew mon |t0 N g : CO ntrOI an d do not know what's happening and distrust of
protection functions © Cities uninhabitable within days if sanitation
not up and running, particularly in hot weather.
evacuating.

eXp I OS I O n I n d ata Grid eventually restarted, but removing
1 contamination from water supply may take
months.



Recent evidence of changes and challenges?

Fault cleared
Circuit  fault [16:52:33.564]

Eaton Socon-

Hornsea loss of 737MW
[16:52:33.835]

Wymondley T .
[16:52:33.490] \ / ‘
|
TN Little Barford ST trip

| 244MW [16:52:34]

40,8 1\

[16:52:34]

Increase in transformer loadings
(Loss Of Mains) ~500MW

Frequency response
recovers frequency
to 49.2 Hz
[16:53:18]

Little Barford GT1a
trip 210MW
[16:53:31]

/

Circuit closed
on DAR
[16:52:53]

\

Frequency fall
arrested at 49.1Hz
[16:52:58]

438

Little Barford
GT1b trip
187MW
[16:53:58]

Frequency breaches 48.8Hz triggering LFDD
[16:53:49.398]

Frequency is
restored to 50Hz
[16:57:15)

Note: transmission protection
operated correctly and ESO did
job correctly...but evidence
that consequences may be
different in future scenarlos

ESO National Control instruct
1,240 MW of actions to restore
frequency to operational limits and
restore frequency response and
reserve services.




Recent evidence of changes and challenges?

* Transmission protection operation, followed by rapid overall
oss of 2,100 MW of generation

* Frequency dropped to 48.8 Hz

* Initial RoCoF was fast

 LFDD removed almost 970 MW of demand

* Approx 500-600 MW of DG also disconnected

* Frequency restored quickly (5 mins), all supplies within 45 mins
* But, large and sustained disruption, investigations on-going...

References:

1. Energy Emergencies Executive Committee: Interim Report on GB Power System Disruption — 9" August 2019

2. NGESO Final Technical Report into Friday 9 August Power Outage, https://www.nationalgrideso.com/information-
about-great-britains-energy-system-and-electricity-system-operator-eso



https://www.nationalgrideso.com/information-about-great-britains-energy-system-and-electricity-system-operator-eso

Potential solutions: some things we are working on

Synchronous compensators: ﬁ}
. . . Universityof <%
instantaneous inertia & fault Stratsiml de
contribution (Phoenix project) Englieering y

VSM: inertia emulation
Controlled fault current

Pre-fault Fault:At:O (<100ms) EFCC project:
_ _ fast frequency response
Phoenix project: (0.5s — 1s)

reactive power support

(<100ms) wide area fast
backup
rotection

Protection setting
validation

Evaluation of renewable
generation impact on protection

Time

(and control) Main  |50-130ms Around 500 ms
protection
Inverter-supplied fault current Frequency event  RoCoEoltane b ;
impact on protection — need for (if loss of ot-orivotage beyon
g P generation / infeed) threshold, DG tripping <1si

more specific grid codes? I
The resilient distributed power system — using storage (and other vectors) to
support system operation — protection/automation research required



Strathclyde facilities: protection and automation
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 Automated real-time
test suite

* |nvestigate future

power system and
measurement,

monitoring, protection,
communications,
control performance...

* Plus PNDC for large

scale power-in-loop...



UNIVERSITY of STRATHCLYDE
A" POWER NETWORKS

PNDC project — PV Iinverter protection P Elonarnon e
sensitivity and stability evaluation

Uni f
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.' .._\'?1_5‘ ST * Risks of sustaining islands or

I
-

e 1 e b | 2\ spurious tripping of PV inverters.

~ _J* PNDCtesting to evaluate PV

L inverter performance during
islands and frequency disturbances
up to 1 Hz/s.

| i * Work informs ENA sponsored joint
_ UK distribution and grid code
https://pndc.co.uk/ working group (GC0079).



https://pndc.co.uk/
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Strathclyde facilities: o Il
large-scale PMU testbed ERSSSalr— — e —ih
RTDS GTFPGA e
» 16x Raspberry Pis '
 Strathclyde PMU algorithm
— Adaptive filter window
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In the future, protection and
automation systems will face more
challenges than in the past

Investigation Into future solutions still
requires a lot of research,
development and demonstration
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