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EU's 2030 target: 42.5% renewable energy.

Increase in the Power electronics-based power generation

Overall reduction in the inertia of the Grid
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NETWORK SINGLE LINE DIAGRAM
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Introduction - VARC DCCB

Four terminal ± 525 kV bipolar metallic return HVDC Network
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NETWORK SPECIFICATIONS
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Onshore rating of the 

converter and 

transformer

6 GVA

MMC Submodule 

Voltage

2.4 kV

MMC Submodule 

Current

2 kA

Submodule 

Capacitance

25 mF

No. of submodules 240

Onshore specifications

Offshore rating of the 

converter and 

transformer

4.5 GVA

MMC Submodule 

Voltage

2 kV

MMC Submodule 

Current

1 kA

Submodule 

Capacitance

16 mF

No. of submodules 240

Offshore specifications

Introduction
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Short Circuit Ratio

IEEE 519-2014,

At Point of Common Coupling,

Introduction

PCC

PCC
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For each MMC, 5 GTFPGAs

1 for each Phase legs 

(x3)

2 for Valve controls

2 MMCs in 1 terminal in Bipolar configuration
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RTDS Rack Set-up

Rack #1 Rack #2 Rack #3 Rack #4
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RTDS Rack Set-up

SS #1 SS #2

SS #3

SS #4
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- VARC DCCB

Four terminal ± 525 kV bipolar metallic return HVDC Network

RTDS Rack Set-up

SS #1 SS #2

SS #3

SS #4
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SUBSYSTEM CONFIGURATIONRTDS Rack Set-up

SS #1SS #4 SS #2 SS #3
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Phase Angle Generation for GFMIntroduction

RTDS Rack Set-up
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Summary

Control Strategy
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GRID FORMING CONTROL STRATEGY

1
3

Control Strategies
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MPC 

Controller

Plant
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MPC Controller
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Prediction 

Model 

Optimizer

MMC

MPC Controller

MPC Controller
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CUSTOM MPC COMPONENT USING 
SIMULINK

MPC Controller
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MPC Controller

Fault recovery

Three-phase AC fault (with MPC controller)

Fault triggered

Sag
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MPC Controller Comparison of MPC and PI-based Controllers
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Types of Transient Scenarios Three phase AC fault

SCR
Sag(pu) Settling time(s) Settled value (pu)

MPC PI MPC PI MPC PI

10 -0.947 -0.948 0.359 0.38 1.01 1.05

9 -0.951 -0.953 0.3679 0.384 1.017 1.023

8 -0.9542 -0.958 0.3684 0.384 1.0179 1.029

7 -0.9621 -0.963 0.3797 0.385 1.0125 1.033

6 -0.961 -0.965 0.3878 0.387 1.0355 1.05

5 -0.975 -0.9721 0.3897 0.387 1.053 1.056

4 -0.976 -0.973 0.3948 0.39 1.049 1.064

3 -0.979 -0.977 0.3979 0.40 1.07 1.067

2 -0.981 -0.98 0.42 0.42 1.127 1.11

1
9

MPC Controller Comparison of MPC and PI-based Controllers
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• Low SCR capability of Grid forming Converters

• Speed of response of MPC controllers

Introduction

RTDS Rack Set-up

Control Strategy

MPC Controller

SummarySummary
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