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Outline and objectives 

 Present and future power system in 
Great Britain (GB) 
 Challenges 

– Weaker system 
– Operation, protection, control 

 Selected research projects and initiatives 
– Transmission protection and operation 
– Catering for renewables, distributed generation and 

“smart grids” 
– Sensors, measurements and communications 
– The Power Networks Demonstration Centre 

 



http://www2.nationalgrid.com/WorkArea/DownloadAsset.aspx?id=34301 

Future energy mix 



Future energy mix 



GB Power System: Today 

http://media.indiatimes.in/media/content/2012/Dec/bullet_train_china_1356523039_540x540.jpg 



GB System: Tomorrow? 

http://www.hasebikes.ro/2-media_slide_shows.html 



System Operability - Future 

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/ 



System Operability - Future 

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/ 



  

Inflexible generation 

Active Demand 
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Active Distribution  
Networks 

Smart Grids & 
meters 

Generation 
Demand 

Variable generation 

Variable generation 

Synthetic inertia 

Distributed generation 

ROCOF & 
Robustness 
issues 

Variable generation 

Large generation 

1800MW loss risk 



Weak systems 
 Challenges: 

– Higher frequency dynamics and voltage/reactive power 
issues 

– Potential for maloperation of frequency-based protection 
– Constraints on renewables 
– Low fault levels, delayed (or maybe too fast?) converter 

fault responses? 

 Solutions:  
– Enhance/emulate inertia – stored energy 
– Effective grid codes to drive technical innovation 
– Enhanced/novel  protection and control – including 

frequency-responsive loads, sources, storage 



Future low inertia systems 

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/ 



Project 
Smart Frequency Control 

 £9m+ project led by National Grid 
 Investigation of fast regional RoCoF-triggered 

response using PMUs– loads, storage, 
generation 

 Save £100s m in future 
 PMUs and distributed controllers 
 Testing at PNDC 

 

 



EFCC-equipped 
load(s) 

PMU(s) 

Other loads Other loads 

Other loads 

Central  
Controller 

Communications network with 
actual routers, devices and 
protocols (representative of  

typical NG arrangements) with 
controllable latency and jitter 

PNDC SFC 
indicative test  
configuration 

MI – “mock impedance” to electrically emulate feeder lengths 

SFC 
components 

PNDC MG set – used to 
“play”  pre-determined 
frequency responses or  
respond “naturally” to 

events (e.g. load changes) 
on PNDC network 

PNDC load banks and  
fault thrower can be  

used to initiate events 
to test EFCC responses 



 Challenges: 
– Reduced AC network short-circuit levels? 
– Converters’ responses to short circuits? 

 Solutions:  
– Quantification and demonstration of problems 
– Elimination of overcurrent-based protection? 
– Adaptive/new methods of protection? 
– Do we still need  

fast protection  
in an inverter- 
dominated 
AC system? 

Project 
Protection of converter-dominated systems 



Project 
Protection of converter-dominated systems 

NG System Operability Framework 



 

VI(pu value) wave form measured at Grendon station(with 0% converter penetration level) 

“Standard” well-known response 

Project 
Protection of converter-dominated systems 



 

VI(pu value) wave form measured at Grendon station(with 50% converter penetration level) 

50% Inverter: reduced fault level – but ok? 

Project 
Protection of converter-dominated systems 



 

VI(pu value) wave form measured at Grendon station(with 100% converter penetration level) 

100%: OK? Delay in response, waveform distortion…? 

Project 
Protection of converter-dominated systems 

Response delay, current magnitude  
and ramp rate are all configurable 



Power Hardware In The 
Loop Validation of Fault 
Ride Through of VSC 
HVDC Connected 
Offshore Wind Power 
Plants Ranjan Sharma, 
Qiuwei Wu(), Seung 
Tae Cha, Kim H. Jensen, 
Tonny W. Rasmussen, 
Jacob Østegaard  J. Mod. 
Power Syst. Clean Energy 
DOI 10.1007/s40565-  

Measured inverter responses 



Distance protection responses 



Transmission 
Protection 

Distribution 
Protection 

PMU 

Substation 
Gateway 

GPS 
Receiver 

HMI 

RTDS LAN Interface 

RTDS/AMP D&A 
Interface 

Local/ 
External 

LANs 

GTNET Card 
(GOOSE/SV/DNP3) 

Next  
steps…. 

Injection 
tester 



https://www.entsoe.eu/major-projects/network-code-
development/high-voltage-direct-

current/Pages/default.aspx  

https://www.entsoe.eu/major-projects/network-code-development/high-voltage-direct-current/Pages/default.aspx
https://www.entsoe.eu/major-projects/network-code-development/high-voltage-direct-current/Pages/default.aspx
https://www.entsoe.eu/major-projects/network-code-development/high-voltage-direct-current/Pages/default.aspx


HVDC grid codes 
ENTSO-E doc 



HVDC grid codes 
ENTSO-E doc 



HVDC grid codes 
ENTSO-E doc 



Transmission protection 
Summary of future issues 

 No major issues in near term… 

 In future – when converters “dominate”? 
‒ Slow operation due to delayed response of converters? 
‒ Weaker system – healthy generator ride-through issues? 
‒ Variable infeed levels – back up protection? 
‒ Waveform shape – will protection be confused? 
‒ Will converters be able to ride through remote faults 

(especially during slow/backup operations)? 
‒ LOM and overall system frequency control issues 

 

 



DG and “smart grids” 
 Challenges: 

– Impact of DG on protection? Intermittency? Capacity? 
– Fault levels, current direction flows? 
– Protection coordination, discrimination, operating time 

 Solutions:  
– Quantification and demonstration of problems 
– Adaptive/new protection 
– Network automation 
– More measurement data and applications 



DG and “smart grids” 
Quantification of problems 

– Protection loss of coordination 
– Protection blinding 
– Sympathetic tripping 



DG and “smart grids” 
Demonstration of solutions 



Hardware in the loop demonstration 

Sensors, measurements 
and communications 

Use of IP/MPLS (internet) for power system protection 



Distributed multi-parameter sensing 
 



• Distributed analogue sensor – current, voltage,  
temperature, vibration 

• Uses optical fibre to interrogate multiple sensors (up to 100 
sensors over 100 km) 

Distributed sensing 

• Interfaced to relays and/or output of IEC 61850-9-2 
• Field trial projects secured 
• Applications – hybrid circuits, multi-ended feeder 

protection, distributed monitoring and control… 

Photonic 
Measurement 

System 

Sensor array 



Problem: Low-carbon grids (renewables, energy storage) – £110bn spend 
 → lower inertia and higher sensitivity to faults 
 → HV needs faster protection and more discrimination 
 → LV/MV needs increased coverage, without increased cost/complexity 
 
 
 
 
 
 
 
 
Our USPs: 
1. Long-distance, passive instrumentation 
2. Fastest possible comparison of measurements 
3. No data transmission - no data rate limitations  
4. Minimal infrastructure: multiple measurements from a single fibre 
5. Greater flexibility in sensor coverage and location 

Distributed sensing 

Smarter grid infrastructure without prohibitive costs 

Winner of Best University Technology 
at the 2014 Energy Innovation Awards 



PNDC: Extending Hardware in the Loop 



Main features 
 Realism  

 Flexibility 

 Control room,  
industry-standard  
SCADA system,  
laboratories 

 Accelerated testing (voltage, frequency, 
unbalance, power quality, faults…) 

 Enhanced instrumentation and recording 

 



Uses and 
applications 
 Innovation  

projects 

 Accelerated 
pre-field trials 
and tests 

 “Crash” testing 

 Investigations 

 Training and CPD 

 



Grid/decoupled 
modes of operation 



11kV system 

“Mock” impedance 
(but it is real!) 



11kV system 



LV system 



Equipment 

Voltage regulator Switchgear Protection/Automation 

Secondary substations Load banks 



New, very special, 
equipment we hope to 
purchase soon… 

Beer in the loop? 



Conclusions 
 Several challenges  

lie ahead in GB 
 Innovation and  

R&D accelerating 
 But - barriers 
 Need collaboration 
 And engineering  

“dictatorship”… 
 Needs engineers! 



Thank you  
Dr Campbell Booth 
Department of Electronic and Electrical Engineering 
University of Strathclyde 
204 George Street 
Glasgow G1 1XW 
UK 
 
T:  +44 (0)141 548 4456 
M: +44 (0)7980 597709 
E:  campbell.d.booth@strath.ac.uk 
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