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• As a society, we have decided to 
fight the climate change, for 
example, decarbonising  the 
electricity generation (go greener!!)   

• More power electronics interfaced 
generation and loads... 

– How could this system be 
operated? 

– What are the limits of converter 
interfaced generation? If exists… 

– What do we need to do 
differently? (protections, controller 
gains?) 

– What is the cost? 

 

The power system is evolving… and GB is an especial case 

Past: 100% Synchronous 
based system 

Future: 100% Converter 
based system??? 

Present: 60% Synchronous, 40 %Converter? 
                40% Synchronous, 60 %Converter? 
 
 

The Guardian 

BBC 

Financial Times 

9th of August 2019 
Partial power cut affecting 1 
million electrical consumers 



Some people think that power converters should 

have a more active role in the power system 

control  (grid forming) and/or some other people 

think that the converters should behave like a 

synchronous machine (virtual synchronous 

machines) 

Why converter based solutions?   
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Simplified VSM converter 
control 

  VSM/GF advantages: 

 Inherent inertia response  

 Frequency support  

 Black/grey start capability 

 Connection of VSC to weak grid 

 Island mode  

 Improve “apparent” SCR 

 No Phase Locked Loop 

   VSM challenges: 

 An external energy storage source 

might be required 

  Oversized/additional converter 

 Unbalanced/harmonics control 

 No inherent current control* 

 No inherent Fault Ride Through* 

 Potential interactions/resonances 

Solution Estimated Cost R
oC

oF
 [

1]
 [

2]

Sy
nc

 T
or

qu
e/

Po
w

er
 (

V
ol

ta
ge

 

St
ab

ili
ty

/R
ef

) 
[2

] 
[*

] 
[4

]

Pr
ev

en
t 

V
ol

ta
ge

 C
ol

la
ps

e 
[2

]

Pr
ev

en
t 

Su
b-

Sy
nc

 O
sc

. /
 S

G
 

C
om

pi
ta

bl
e 

[2
] 

[*
]

H
i F

re
q 

St
ab

ili
ty

 [
2]

 

R
M

S 
M

od
el

lin
g 

[1
] 

[2
] 

[*
] 

[4
]

Fa
ul

t 
Le

ve
l [

1]
 [

2]

Po
st

 F
au

lt
 O

ve
r 

V
ol

ts
 [

2]

H
ar

m
on

ic
 &

 Im
ba

la
nc

e 
[5

]

System 

Level 

Maturity Notes

Constrain 

Asyncronous 

Generation

Hgh I Yes Yes Yes Yes Yes Yes Yes Yes Proven

Syncronous 

Compensation or 

More Sync. Gens 

at lower load

High I Yes Yes Yes Yes Yes Yes Yes Yes Proven

VSM Medium Yes Yes Yes Yes Yes Yes Yes Yes P Modelled

VSM0H Low No Yes Yes No P P P Yes P Modelled

Synthetic Inertia Medium Yes No No P No No No No No Modelled

Other NG Projects Low Yes P Yes No No No P P No Theoretical

These technologies 

are or have the 

potential to be Grid 

Forming / Option 1 

Has the potential to 

contribute but relies 

on the above SolutionsEn
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Some of the GF/VSM research projects that we are involved 

640V

33kV

400kV POC

STATCOM/VSM Convertor/
Synchronous Compensator

Cable Compensation

WEC3, WEC4,
IEC3, IEC4 etc.

640V 640V 640V
* * * * *

132kV Onshore Cable

Harmonic
Filter

Capacitor Reactor

132kV Offshore Cable

Provision of GF/VSM services in at the PCC of an 
offshore wind farms. (National grid ESO) 

Battery Converter 

Provision of GF/VSM using a battery. (National Grid ESO) 

Assessment of VSM results in a Scottish wind farm. 
(ScottishPower renewables) 

• Other VSM/GF projects and PhD studentships: 

• Interaction of VSM controlled wind farms (Siemens 

Gamesa Renewable Energy) 

• Fault ride through of grid forming converter without 

PLL and current loop (OREC) 

• Sizing and location of energy storage for grid 

support in Scotland (ScottishPower Renewables) 

• Impact of grid forming converters into the 

protection system 

 

 

Hybrid STATCOM and 
synchronous compensator 
(ScottishPower Energy 
Networks) 


