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NSON Initiative and German NSON (I)-project
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National NSON project in Germany (NSON-DE)

Funding came from the Federal Ministry for Economic Affairs and Energy (BMWi)
NSON-DE finalised end of 2017   – Report published in June 2018

2014 2017

Northern Seas Offshore Network (NSON) Initiative

 Pursuing an offshore grid in the Northern Seas region

 Research, Development & Deployment Program

 Following the Berlin Model for cooperative research 
activities in Europe: nationally funded projects which are 
guided by a simple and target-oriented implementation

 Initiative resulted from activities of the European 
Energy Research Alliance EERA in the Joint 
Programme for Wind Energy

Objectives of the NSON Initiative

 Harnessing, sharing, and trading of offshore wind resources

 Supporting the utilization of offshore region's wind resources

 Making the national markets more efficient by increasing 
connection capacities

 Providing balancing from Nordic hydropower

NSON-DK

NSON-NO
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German NSON (I)-project
Focus, goals, and main results (I/II)
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German NSON (I)-project
Focus, goals, and main results (II/II)
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National NSON project in Germany (NSON-DE)

Funded by the Federal Ministry for Economic Affairs and Energy (BMWi)

NSON-DE finalised end of 2017   – Report published in June 2018

2014 2017

Development of complex 
decision support tools for 
different NSON market and 

network variants

Development of mathematical
models and tools for more
efficient network optimization

Resulting impacts on German 
and superordinate European 

electrical energy system

Repercussions of
an NSON grid on onshore grid
infrastructures and congestion

Goals

(Integrated) offshore grid 
investments in the North Sea 

still attractive in long-term 
scenarios with ambitious 

climate targets and flexibility 
through sector integration

Successful use of heuristics
and of model reduction and

decomposition based on 
statistical data analysis to

solve large-scale multi-scenario 
network design problems

Especially directly neighboured
market areas profit from

increased meshing through
offshore grid

Impacts on not directly
neighboured markets not 

negligible

Medium term grid offshore 
scenarios (2030) show just 

minor differences in terms of

resulting power flows and

congestion in German onshore
transmission system

Main results

Project
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Partners

Timeframe

 Project start Jan. 2020

 Duration 3 years

German NSON II-project
Partners and project overview
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Project title

 Joint project: NSON II

 Economical Connection and
International Integration of 
Offshore Wind Energy in the 
North Sea

Funding

 Federal Ministry for Economic
Affairs and Energy (BMWi)
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German NSON II-project
Background and motivation
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Robust market based scenario planning under uncertainty

Plant and system control structures and methods

Optimized grid planning and operation of offshore systems

Development of suitable mathematical methods and techniques

SCIENTIFIC QUESTIONS

„PLANT AND SYSTEM CONTROL“

AC-parallel and meshed operation
of different converter technologies

Ratio of grid forming and following
converters in meshed grid structures

„LONG-TERM PROSPECTS“

meshed offshore grids and multiple 
interconnectors in North Seas

region

built and established
North Sea Wind Power Hub(s)

„SHORT-TERM TASKS“

technical feasible and cost-efficient
connection of wind farms in
German offshore zone 3

Regulation: decrease costs AND
maintain system reliablity

AC / DC
Island?

„OPERATIONAL CHALLENGES“

Optimized mixed AC/DC- and
converter type-system layout

Identification and optimization of 
system control modes and converter

set points

Zone 3 in German Bight
offshore wind areas

Sources: www.tennet.eu, www.northseawindpowerhub.eu, Project report NSON-DE, Project proposal NSON II
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German NSON II-project
Working plan
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Mathematical 
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Work packages Main goals

Long term 
scenarios and short 

term “no regret” 
measures

Parallel operation of 

cost-effective mixed 
AC/DC-converter 
(esp. LCC, VSC)

Optimized planning 
and operation 

concepts & 
procedures

Efficient models and 
tools for multi-
scenario and 

operations planning
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wind turbine

control

Dynamic 
interactions

System services
(on- and offshore)

AC / DC
Island?

Case-specific
(O-)TEP incl. plant 
control/flexibilities

Optimized
operation of off-

and connected
onshore systems

Flexibilities and
cross-sectoral
integration

power, heat, transport

Investment in 
generation units

capex dominated wind 
and pv-generation

Investment in offshore 
infrastructures

Platforms, converters etc.

Aggregation & 
decomposition for

time-indexed
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Fault-tolerant 
network design
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Sources: Project proposal NSON II
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German NSON II-project
Focus, goals, and expected results
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National NSON II project in Germany (NSON II)

Funding from the Federal Ministry for Economic Affairs and Energy (BMWi)

Economical Connection and International Integration of Offshore Wind Energy in the North Sea

2020 2022

Long term energy scenarios
and short term

“no regret” measures

Parallel and meshed operation of 
cost-effective mixed AC/DC-
converter (esp. LCC, VSC)

Optimized
planning and operation
concepts & procedures

Efficient
mathematical representation
in multi-scenario optimization 

and operations planning models

Goals

Co-optimisation of short- and
long-term interdependencies

and uncertainties:

Offshore grid investments

Generation expansion

(Onshore) flexibility from
cross-sectoral integration

Technical requirements for
parallel and meshed operation

Control concepts for parallel 
and meshed operation

Feasibility for additional
active power trade and

operating reserve

Mathematical models to
represent control and

operational constraints

Optimized transmission
expansion planning and

system operation methods and
models including mixed AC/DC-

structures and restrictions

Better models and
faster solvers, i.e. 

more efficient handling of long
operational planning horizons

effective integration of failure
resilience into network design 
and power flow computation

Expected
results

Project
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Partners

Outline

Further activities in mixed AC/DC-Systems
MODULATOR (I/II)
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OBJECTIVE

• Create framework for new generation 
of integrated software tools for 
analysis and optimization of hybrid 
AC/DC transmission systems

STATE OF THE ART

• Commercial SW for analysis of 
transmission system mostly tailored to 
conventional AC systems

• Models and methods for DC and 
hybrid AC/DC transmission systems 
recently developed

IMPACT

• Lower computational load and faster 
results

• Optimization of planning and operation 
of hybrid AC/DC grids accounting 
stability constraints

PRESENT DEFICIENCIES

• Time domain analysis is inefficient 
and time consuming

• SW addressing Hybrid AC/DC based 
on black boxes and not reflecting last 
modelling advances

• Models and methods from latest 
research is not harmonized

Timeframe

 Project start May 2018

 Duration 3 years

Project title

 MODULATOR

 Module Aware Modelling and Assess-
ment of Performance of Inter-
connected AC/MTDC Power Grids

Goal

 Develop a framework of module-
aware modelling of interconnected 
AC/MTDC grids where each 
subsystem will be treated as a 
pluggable building block (i.e. 
“software”)
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Further activities in mixed AC/DC-Systems
MODULATOR (II/II)
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FORMULATION OF 
ENERGY FUNCTIONS

LARGE SIGNAL STABILITY

STATE SPACE 
MODELLING

SMALL SIGNAL STABILITY

CURRENT
WORKS and STATUS

Definition of test cases

Validation with time 

domain simulation

REFERENCES

SETPOINT

STEADY STATE 
OPERATING 
CONDITIONS

LARGE SIGNAL 
STABILITY 

CONSTRAINTS

POWER SYSTEM 

OPTIMIZATION 

ALGORITHM

POWER FLOW

STEADY STATE 

CALCULATION

STEADY STATE 
OPERATING 
CONDITIONS

EIGENVALUES 
SENSITIVITIES

STABILITY 
VERIFICATION

STABILITY 
VERIFICATION

KPI
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THANK YOU FOR YOUR ATTENTION!    QUESTIONS?

Dipl.-Ing. Denis Mende

Fraunhofer Institute for Energy Economics 
and Energy System Technology IEE

Grid Planning and Operation

Königstor 59 | 34119 Kassel / Germany
Phone +49 561 7294-425
denis.mende@iee.fraunhofer.de


