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VSC-MMC
 Active and reactive powers can be

controlled independently
 “Black-start ” capability
 More difficult to control

Characteristics
 The MMC has three legs (one per phase)
 The legs have two arms (named upper

and lower arms)
 Each arm consists of N sub-modules that

can be connected in series and can be
turned on and off to synthesize a desired
voltage level

 The arms can be controlled
independently

 The energy is stored in the arms of the
converter

source: Siemens and [1]
[1] D. Westerman Spier, E. Prieto-Araujo, J. Lopez-Mestre and O. 
Gomis-Bellmunt, "Optimal current reference calculation for MMCs 
considering converter limitations," in IEEE Transactions on Power 
Delivery, doi: 10.1109/TPWRD.2020.3020420.



Applications

source: GEGridSolutions.com/HVDC source: GEGridSolutions.com/HVDC

source: siemens and sunwindenergy.com    copyright: siemens and Tafyrsource: GEGridSolutions.com/HVDC



Challenges
Understand the working principle of  the 

converter
Exploit all its degrees of  freedom 
Maintain the internal energy of  the MMC 

balanced
Optimize the control performance during 

unbalanced voltage sags (meeting the TSOs 
requirements)
Optimize design of  the components 

(specially the SM capacitors) in order to 
reduce the weight of  the structure



My contributions 

Mathematical steady-state model
Reference calculation to be used in the controllers
Optimize the converter performance under unbalanced AC grid voltage sags (in accordance 

to the TSOs requirements) 
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Common applications of HVDC point-to-point system

SpainFrance
DenmarkBaltic Sea

Interconnection of the AC grids of two countries
Transporting offshore wind power to the mainland AC grid

The challenges of control design for the converters 1 and 2: 

1. High level of interactions between control loops

2. Parameter Uncertainties



There exist interactions: 

1. High level of interactions between control loops

A locally optimized control 
loop may result in the 
degraded overall 
performance of the system

• inside the control system of 
MMCs

• and between MMCs.



2. Parameter Uncertainties

control designer
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AC grid impedances Zg1 and Zg2 have major 

impact on the performance of HVDC system, 

but their values are changing due to:

• Time-varying topology of AC grid

• Unpredictable load response

• Future expansion

• Integration of renewable energy sources

Thus, AC grids impedances Zg1 and Zg2 are 

uncertain parameters for control design



Possible Solution

1. High level of interactions between control loops 2. Parameter Uncertainties

Optimal design: move from SISO design to 
MIMO design 

Global optimization that ensures the best 
performance obtained for all control loops

• Optimal H2 Design

• Optimal Hꝏ Design

Robust design: move from operating point 
design to a design based on the uncertainties

Guaranteed stability and performance for all 
grid impedance variations 

• Robust μ Design
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Blackstart & Islanding capabilities of  Offshore wind power plants

Sept. 2016, S. Australia

https://nmgroup.com/en/resources/news/the-north-east-blackout-of-2003

Sept. 2019, Tenerife

Blackout is a HILF event

Economic disruption

Livelihood affected

 Impact = Area x Time

https://en.wikipedia.org/wiki/List_of_major_power_outages



Blackstart & Islanding capabilities of  Offshore wind power plants

Blackstart Unit

Pumped-hydro storage

Gas-fired generators

Wind power plants ?

Blacked out grid

https://www.gov.uk/government/publications/smart-
power-a-national-infrastructure-commission-report

TSO



Blackstart & Islanding capabilities of  Offshore wind power plants

Challenges

Demanding transients

Control: GFL

Stability & Safety

Market: €/MW

→ GFM



Blackstart & Islanding capabilities of  Offshore wind power plants

Stand-alone operation

 Independent

Diesel generator offshore

€ savings

CO2 displacement



Blackstart & Islanding capabilities of  Offshore wind power plants
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SCADA: Supervisory control and data acquisition
𝑬𝑬𝑬𝑬𝑬𝑬 : Energy management system



Enhancement to 𝑬𝑬𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺/ 𝐸𝐸𝐸𝐸𝐸𝐸2 for hybrid AC/DC networks

http://ecava-office.synology.me:7131/DEM0/index.html

http://ecava-office.synology.me:7131/DEM0/index.html





Introduced in the 2000s
EMS > SCADA?!

EMS vs (A)DMS vs DSM

Enhancement to 𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆/ 𝑬𝑬𝑬𝑬𝑬𝑬 for hybrid AC/DC networks

Src: Intennet



Components
Human Machine Interface (HMI)

Communication Infrastructure 

End-side Remote terminal Unit (RTU)

Enhancement to 𝑬𝑬𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺/ 𝑬𝑬𝑬𝑬𝑬𝑬 for hybrid AC/DC networks

Managements and Functions (Toolboxes)
Operations Management

Outage Management System

Power Application Software (PAS)



Challenges
Unified HMI and toolboxes

New RTUs characteristics

Advanced protection requirements

Timescales requirements

Big Data and communication infrastructure

Global variables

Cybersecurity

Enhancement to 𝑬𝑬𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺/ 𝑬𝑬𝑬𝑬𝑬𝑬 for hybrid AC/DC networks

Src: etapSrc: ABB

Src: Classification of Fault 
Clearing Strategies for HVDC 
Grids

Src: FTIJournal



My Contribution/Enchantment

Enhancement to 𝑬𝑬𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺/ 𝑬𝑬𝑬𝑬𝑬𝑬 for hybrid AC/DC networks

A State 
Estimator

Src: Blackadder

Part of  the 
PAS

RTUs specifications

Timescales requirements

Communication Network

Unified 
toolbox



Thanks for your attention

Questions?
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