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What is the challenge for transmission operators?

Current roll-out rate of offshore wind is PROMOTioN worked together with different ]
insufficient to meet Paris target. stakeholders to balance national ambition « To hit 2050 Carbon targets we need
and top down targets ;
Projected installed offshore wind capacity range to accelerate the build of Offshore
in the North Sea [GW] Wind
» Distance to shore increases as near

e shore locations filled and resistance

0 increases: 55km today to >100km
Preparation time increases
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PROMOTioN researches into technology and broader issues

WP1 - Requirements for Meshed Offshore Grids - TenneT

WP2 WP3 WP4 WP5 WPG6 WP15 WP7

Grid Topology WTG — HVDC Grid Test HVDC CB HVDC GIS Regulation &
& Converters Converter Protection Systems Environment Performance Demonstrator Financing
Interaction for HYDC CB Characterisation

RWTH Aachen TU KU Leuven DNV GL UniAberdeen TenneT WP13 WP14

Dissemination Project
Management

WP16 WP9 WP10

MMC Test Bench Demonstrator Protection System HVDC Circuit Breaker SOW DNV GL
Demonstration Demonstration

RWTH Aachen SHE Transmission DNV GL

WP11 - Harmonisation Towards Standardisation - DTU

WP12 - Deployment Plan for Future European Offshore Grid - TenneT
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To produce a Deployment Plan for

European future offshore grid
development.
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Two parallel paths to a Deployment plan:

Offshore Wind

Topologies Technological Choice Cost Benefit Analysis

Generation Scenarios

Economic Analysis Financing & Legal &
(CBA methods & Potential legal Re glator
CBCA Proposals) structures au Y

Governmental Market Structures
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Generation Scenarios

Offshore Wind

Topologies Technological Choice Cost Benefit Analysis

PROMOTIoON Recommends

PROMOTioN High scenario projects higher growth than current ENTSO-e scenarios in order to reach 2050
Carbon reduction targets,

« Our high scenario is not the highest we have seen in parallel studies.

« Be aware of space constraints and ability to deliver.

Optimising offshore wind potential is subject to political influences and does change, e.g. new governing
trends shift towards an increased emphasis on RES
« Positive increase in Wind potential (e.g. DK — greater ambition) can lead to use of better locations for
generation. EU Clean Energy Package encourages cooperation.
« Use local powers for more rational allocation of spatial planning (e.g. NL rationalises spatial planning).

High development of offshore wind leads to some utilisation of Nature 2000 areas
* Prioritise and coordinate spatial planning for offshore wind
* We fixed wind development, but could be optimised more per concepit.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714.
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Offshore Wind

Generation Scenarios Topologies Technological Choice Cost Benefit Analysis

1. Concepts
2. Temporal development
3. Optimisation

X I

Step 1: Primary Step 2: Secondary Step 3:

P L Technical feasibility
Optimization Optimization :
(Minimization of the (Optimization of the of the proposed grid
investment cost to interconnection Setup of a detailed
evacuate offshore capacity between grid model
wind energy) countries)

= New infrastructure
= Existing infrastructure
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Offshore Wind
Generation Scenarios

Topologies Technological Choice Cost Benefit Analysis

PROMOTION Recommends
» Islands planned and built early on in the period (2025 — 2030)

« PROMOTIioN assumes a current status quo that concentrates energy into (small) hubs as Business as Usual
« For maximum Cost-Benefit, the optimiser suggests a benefit in the use of islands.
» This is a theoretical model, and requires feasibility and further optimisation.

» Meshing and multi-terminal connections are important and should be used where appropriate
» Technical choice of bipole architecture and N-1 security criterion reduces benefit of redundant paths
» Cable maximum power is matched to onshore infeed constraints.
» The optimisation does not have large amounts of meshing, but it does provide material cost savings in some cases.

 Early planning facilitates meshing later in the period (2040 onward)
 As distance to shore increases, meshing of offshore wind clusters becomes more cost effective

« Adopt standards to facilitate meshing, but we anticipate ‘stacked’ meshed systems rather than an entire
meshed offshore grid

* Interconnection between windfarms of different countries in order to save on cable costs and increase cable
utilisation
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Offshore Wind
Generation Scenarios

Topologies

Technological Choice

Cost Benefit Analysis

Standard voltages, e.9.525 KV

Standard configuration: Bipole with fixed return
Standard cable sizes — current Max 2 GW

No onshore load shedding — N-1

1. Cost data/ inputs
2. Clustering
3. Hub design: bare

bones and Protection
4. Costing the network

Cost Data
Collection

=

o

S~

distance/power flows)

Protection Strategies determined by WP4
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Offshore Wind
Generation Scenarios

Topologies Technological Choice Cost Benefit Analysis

PROMOTIoON Recommends

» Design standard Platforms that can be either modular or built out for multi-terminal use.
 Protection equipment requires increased space on platforms such that costs increase quickly

» Plan early and well and anticipate future capacity needs to minimise cable costs.

« Small changes to the topology can have major costs impact
 Direct connection of AC inter-array cables saves high AC platform costs

» Shorter distance connections will still be in AC, and therefore utilise (cheaper) AC meshing where
large power concentrations (Hub model)

« HVDC protection costs dependent on choice of fault clearing strategy
» Protection may be done fully selective which requires many expensive DC Circuit Breakers

» Smart protection using grid splitting may significantly reduce protection costs
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Offshore Wind

G Topologies Technological Choice Cost Benefit Analysis

1. Network Costs
b Jowe oo T Nom Otantitae
# NAME METHOD . .
3. Non Quantitative
B1 Socio Economic Welfare Quantitative an aIySi S
- B2 RES Integration Quantitative 4 KP| S - LCOT
Costs Analysis B3 CO2 Variations Quantitative |
B4 Societal Well-being Qualitative l
Investments Protection B5 Grid losses Quantitative .
N equipment Costs COSt_B en eflt
& cables (where B6 Security of Supply — Adequacy Quantitative R I‘t r
- DC Hub required) B7 Security of Supply — Flexibility Qualitative ep 0 p ©
Equipment Concept- L
- cables B8 Security of Supply — Security Qualitative S cenar | 0 -
B9 Security of Supply — Resilience Qualitative

S1 Environmental
S2 Social

S3 Other

—
(a:f © PROMOTIoN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714. Amsterdam 25.9.2019 1>

S~




Offshore Wind
Generation Scenarios

Topologies Technological Choice Cost Benefit Analysis

PROMOTioN recommends

» Where sufficient generation concentration use European Hub concept to deliver significant savings in
costs for support structures

» Multi-terminal connections depend on anticipatory investment, therefore steer deployment through
organised and structured planning.

» Cooperate across Europe to build grid infrastructure (connect hubs in country A to country B if shorter
distance)

* Mesh where appropriate not for meshing’s sake
* Meshing leads to lower curtailment and higher security of supply, but at higher costs for additional infrastructure.

« Different grid goals may lead to additional benefits of the different topologies per region — but overall
guite similar. Optimise on grid elements

« PROMOTIioN constraints on onshore load shedding result in retaining 2GW cables. This results in partial redundancy
and therefore lower benefits compared to BAU.

» Environmental and social impact of concepts different but none more impactful than the others

11.10.2018 13
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Economic Analysis
(CBA methods &

Financing &
Potential legal
structures

Legal &

CBCA Proposals) Regulatory

1. Application of improved and standardised
(ENTSO-E) CBA techniques

2. Formal and standard Cross Border Cost
Allocation

Financial CBA

D7.11 Cost Benefit Analysis - Method

Tl

B1 Socio-economic welfare

C1. CAPEX

RES fuel savings C2. OPEX

Emissions cost savings l

B2 RES integration

-
System + =

B3 CO, variation
B4 Societal well-being
-
B5 Grid losses
B6 Adequacy } System adequacy

System security
Societal CBA —

: £y
|
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Governmental

Market Structures

D7.2 analyses how to best allocate
cross border costs

Signficance
Threshold and
EU funding
interaction

Residual impacts

S1. Environmental

Binding
commitments
S2. Social

$3. Other

CBCA
Assessment

Coordination
between
projects

Complete
CBCA decision

CBCA based
on CBA
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Economic Analysis Financing &

(CBA methods & Potential legal Legal & Governmental Market Structures

CBCA Proposals) structures Regulatory

1. Financing Investments
2. Potential structures for transmission
owners/operators

1. Aclear definition of responsibilities and liabilities of investors,
constructors and managers of the meshed HVDC offshore grid is
advisable, to allow institutional investors, debt and equity providers

Co-operation of

; : ; : : Tenders before Tenders post
the clarity needed to make an assessment of the investment risk. NSG TSO national TSOs/third e et il
Offshore grid asset ownership should be designed to ensure the PErES
participation of multiple funding sources to support the challenging -Syst?m ope{_ation, « Extension of the -,(ngﬁ)operationh_ -Cotngtructti_on cla_lr_lii)ed

H H asset operation current national , ownersnip out by nationa S
VOI_ume of req_u'red mveStment_S' . (O&M), ownership, structures and construction or a single TO
2. Grid ownership when meshed is likely to become more “blurred”: construction « Each actor applies « Private or public « Assets tendered to
; ; * Owned by National their current investors/ national or third parties (private
1. €.g. Wlth North Sea \_de Power HUb’ W(_:" already see a_ ) . TSOs or ngtional approach within its ingernational/ ppblic- investors) for
consortium ownership. Incumbents are likely to see a dilution in TSOs & private own EEZ private consortia ownership, d
= S, investors, or prlvate maintenance an
ownership, and need similar controls/management to cross investors asset operation

border interconnectors.

2. PROMOTioN recommends clear rules for Cross Border Cost
Allocation, in order to clarify the discussion, but we also accept
pragmatism in the eventual finance of new grid infrastructure.
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Economic Analysis Financing & Leoal &
(CBA methods & Potential legal g Governmental Market Structures

CBCA Proposals) structures Regulatory

[ s b et e [FEEEESEEIT] 1. Cooperation — Develop a mixed partial agreement
Solution
S ‘-t ‘mpzr:t?;t;ﬁ;dt A= International
:

Hard Law is
preferable

Soft Law may
be

preferable

North Sea coastal states should work to develop a
multilateral mixed partial agreement (a North Sea Treaty)
which can serve as a framework for formalising the rules of a
meshed offshore grid.

—
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Economic Analysis Financing & Leoal &
(CBA methods & Potential legal g Governmental Market Structures

CBCA Proposals) structures Regulatory

1. Cooperation — Develop a mixed partial agreement
2. Arobust Legal definition of an Offshore Hybrid Asset

Hybrid cable Hybrid cable Hybrid cable

part 1 part 2 part 3
A | B
I
I
I
I
| - North Sea coastal states should adopt a common
@ @ . ® ® interpretation of the law of the sea regarding hybrid assets
OWF(A) | OWF(B) within the MOG, by taking a broad interpretation of UNCLOS
@ : @ terminology. This definition of hybrid assets should be set
! out in a multilateral (mixed partial) agreement that is used for
EEZ(A)| EEZ(B) the governance of the MOG.
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Economic Analysis
(CBA methods &
CBCA Proposals)

Financing & Legal &

Regulatory

Potential legal
structures

Governmental Marke

t Structures

Regional/National
Government

Consistent Legal
Framework &
decision making

Rules for Regulation
of income & subsidy

finance

S~

* The internal market regulation should be amended to
include a definition and a substantive provision on how
offshore hybrid assets should be regulated. The
amendments should be designed to support a long-term,
stable and predictable regulatory framework, so to reduce
the risk exposure on capital in relation to investments in
the meshed offshore grid.

* Itis recommended that NRAs organise themselves in a
specific regulatory coordination group to oversee grid
development and operations through strong, mutual
cooperation.

—
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Regulatory
governance

1. Cooperation — Develop a mixed partial agreement
2. Arobust Legal definition of a Hybrid Asset
3. Agreement on approach to regulating the grid (who
and how)
1. Finance of Anticipatory assets
2. Transmission owner income regulation
anticipatory assets 3. Coordinated offshore wind support schemes
(1) New "North Sea

Grid Regulator"
One regulator
(2) ACER

(3) NRAs regulate
and cooperate

. her
Multiple fogethe
regulators
(4) NRAs regulate

"their" EEZs
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Economic Analysis Financing &
(CBA methods & Potential legal

Legal &

Regulatory Governmental Market Structures

CBCA Proposals) structures

- 1. Cooperation — Develop a mixed partial agreement
“benets 2. Arobust Legal definition of a Hybrid Asset
3. Agreement on approach to regulating the grid (who
and how)
1. Finance of Anticipatory assets
L 2. Transmission owner income regulation

3. Coordinated offshore wind support schemes
4. Decommissioning regulation

political ) . .
acceptability The internal market regulation should be amended to include

a definition and a substantive provision on how offshore
hybrid assets should be regulated. The amendments should
be designed to support a long-term, stable and predictable
regulatory framework, so to reduce the risk exposure on
R capital in relation to investments in the meshed offshore grid.

private capital
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Economic Analysis Financing &
(CBA methods & Potential legal

Legal &

Regulatory Governmental Market Structures

CBCA Proposals) structures

o . 1. Planning & permit Processes
ational nternationa . . .- .

Stakeholders Stakeholders alignment/simplification
A ‘S 2. Stakeholder participation and
« Environment >

« Fisheries National - CPMR : Regional 1

. Eefhence nggggts ' ?ﬁ%&'gl Agencies Cg%?enpats Consu Itatlon

* Nat. reg. agency « Business as Usual - OSPAR « European Meshed

* Etc. « National Meshed - ICES
- NorthSEE

S » Streamline the permitting process to reduce the risk of
* Manufacturers legislative change during the permitting phase. Legislative
* OWF developers 9 a 5

changes should not retroactively impact projects already
approved. Once granted, permits/licenses will remain

valid for the duration of the construction and operation

phase.
» A central approach for grid planning and strong
« Simplify at National level in short term coordination of grid development plans in terms of timing
+ Align National and International decisions and location is recommended to increase the
* Work on international solutions transparency of future network investments requirements

and their cross-border impact.
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Economic Analysis Financing &
(CBA methods & Potential legal
CBCA Proposals) structures

Legal &

Regulatory

Governmental Market Structures

Positive power flow direction

Power line (flow/capacity)

1. Market structures from extension
of country bidding zone into EEZ
to small zones models

2. Market models where meshing
exists

Test for Test for
different Mkt different
models Wind loads

Theoretical
example grid

In the short term, current practice of extending the
National Bidding zones to the country EEZ is sufficient
With an increase in development and meshing, then a
small zones approach may be more appropriate.
Market management and organisation has not been
studied, but new trading tools could be implemented to
support this proposal

© PROMOTIoN — Progress on Meshed HVDC Offshore Transmission Networks
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* Hybrid Assets

« CBCA

* Planning

* Environment

* Finance —

* Small Zones —

\/

L&R, Fin,
Econ,

Markets,
Govern

* Procurement

o
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Deployment

Plan

Cost-Benefit
Report per

Short term
Projects

Concept-
Scenario

Technology

+ Basic principles obsarved

= Technology concept formulated

* Experimental proof of concept

+ Technology validated in lab

+ System prototype demonstration

* System complete and qualified

EEEEEET - 4

- Attual system proven & competitive manufacturing
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Deployment plan gives direction and says what is needed

— we suggest ground rules for potential development and interoperability

2020 2030 2040 2050
—
Legal & Regulatory

Hybrid Asset . .

lllustration
Mixed partial agreement @) O
Coordinated planning . .
Market Models
Small Zones Bidding Zone . .
Technology

Anticipatory investments

Interoperability

Island solution
DCCB Industrial test
Application of DCCBs

0|0

Application of GIS

Wind Generation Roll-out Planning

National . .

European . Amsgam 25.9.2019 »3
* ¥ o
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Boundaries of the deployment plan
- what we propose as the best solution will never be built

3

Power to Gas
Technology

Primary Goal:
Efficient, secure
evacuation of
offshore
generated wind
energy to shore
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Distributed
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Aggregated
viewpoint
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PROMOTioN WP12 - Deployment Plan for Future European Offshore Grid
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About PROMOTioN

PROMOTIoN is a European Union funded Horizon 2020 project consortium, formed to address the
technical, regulatory, financial and legal challenges for offshore HVDC transmission networks. It
consists of 33 organizations including European HVDC manufacturers, Transmission System
Operators (TSO), academic institutions, testing institutions and consultants. This project has

received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 691714.
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