!:v'!ﬁ[' ner

Grid development in the
TSO perspective on hybrid projects
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TenneT at aglance

“ .......
« Europe’s first cross-border i, Sy
. . . i
grid operator for electricity = Tl
- Top five grid operator in il /

Europe
* International offshore division

Landesbergen

« 23.000 km high-voltage lines
« 4.700 km offshore cable g B
* 41 million end-users e ]z

* ~4.000 employees e o

» Asset base: EUR 20.4 bn

« Capex 2018: EUR 2.3bn
 Revenues EUR 4.2bn

« EBIT: EUR 800 min

« 99,9986% security of supply

8 maart 2017




NL outlook offshore wind

Dutch Government Agreement (2017):
49-55% CO, reduction in 2030

Dutch Offshore Roadmap 2030 (2018):

+6,1 GW N
- . 1 14

Dutch Climate Agreement (expected): 1,& ”

expansion +2-6 GW towards 2030 1‘."._{_\

Paris Agreement (2016):

80-95% CO2 reduction in 2050 e ¢

+30-75 GW estimate (PBL, NSWPH) i é‘ , )



TenneT Offshore
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NL: 3,500 MW in 2023

1) Borssele Alpha i
AC - 62 km - 700 MW — Borssele =
Commissioning in 2019 h‘ 4
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Commissioning in 2020 fon
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Germany: 10,400 MW in 2025
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= Internationally coordinated
= Potential for bilateral offshore large scale development
hybrid assets as stepping
stone towards multilateral =S
development o

= New HVDC standard for larger
scale further from shore

Wind Power Hub

North Sea Wind Power
Hub - post 2030

WindConnectors

Road 2030 Requires international coordination and holistic
e integrated approach instead of radial development

April-2-2019 Grid development in the North Seas C1: Public Information S



Roadmap 2030 \E

Standardised
systems

700 MW HVAC

2GW HVDC

Integration
onshore

Electrification oil &
gas platforms

Hydrogen

Wind Connector

April-2-2019 Grid development in the North Seas C1: Public Information






NindConnector poten

+ reduce interconnector investment costs Market integration (affordability)

« Share onshore grid capacity Security of supply (reliability)
- increased utilisation of offshore wind infrastructure RES integration (sustainability




WindConnector Borssele with BE
(2019-2020)
.\\/ g ...

N good business case (onshore option)
Uncertainty Belgian offshore TSO
Different voltage levels

No anticipatory spatial planning

Operational challenges (loop flows)

April-2-2019 Grid development in the North Seas

WindConnector IJmuidenVer with GB
(2027-2030)

Business case (no onshore option)

Certainty potential partners
close proximity & similar timelines
technical alignment

Regulatory challenges

C1: Public Information



Technical Alignment — For platform systems, use
of HVDC technology is a precondition, but also

compatibility on DC voltage level revealed to be key

Societal benefits — Overall welfare improves but
does lead to distributional effects between
stakeholder in countries (consumers, producers,
interconnector developers) like any interconnector

Key
takeaways
from
TenneT
studies

Commercial case — Commercial case for individual
project developers is attractive; double digit IRR
(congestion rents > costs)

Regulatory landscape — Project specific
consideration/exemption is needed to incentivise
developers and facilitate deployment (e.g. wind
priority, license responsibility, unbundling issues)

April-2-2019 Grid development in the North Seas C1: Public Information 10



Critical conditions for success =

« Technical compatibility /\/

» Internationally coordinated roll out

« Anticipatory investments




Liability and copyright of TenneT

This PowerPoint presentation is offered to you by TenneT TSO B.V. (‘TenneT"). The content of the
presentation — including all texts, images and audio fragments — is protected by copyright laws. No part of
the content of the PowerPoint presentation may be copied, unless TenneT has expressly offered
possibilities to do so, and no changes whatsoever may be made to the content. TenneT endeavours to
ensure the provision of correct and up-to-date information, but makes no representations regarding
correctness, accuracy or completeness.

TenneT declines any and all liability for any (alleged) damage arising from this PowerPoint presentation
and for any consequences of activities undertaken on the strength of data or information contained

therein.
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www.tennet.eu

main activities in the Netherlands and Germany Wlth approxumately 22,000 kllometresff:"ef 7
high-voltage connections we ensure a secure 'supply of eIec;tr|C|ty to 41 million end users

Taking power further '. y




