Northeas’r%\ A

Wind Resource
Center

Offshore Wind Transmission:

Lessons from Germany and Regulatory
Considerations for OSW Transmission in the U.S.

September 6, 2018

(Q) CleanEnergy

J States Alliance



Housekeeping

Use the orange arrow to open and close your control panel

Join audio:
« Choose Mic & Speakers to use VolP
« Choose Telephone and dial using the information provided

Submit questions and comments via the Questions panel
This webinar is being recorded. We will email you a webinar

recording within 48 hours. NWRC webinars are archived
online at www.cesa.org/webinars

[Enter a question for staff]

Webinar Housekeeping
Webinar ID: 275-918-366

GoTo\\Vebinar

( c ) CleanEnergy
) States Alliance


http://www.cesa.org/webinars

The Northeast Wind Resource Center

The Northeast Wind Resource Center (NWRC) provides salient, unbiased information
on offshore and land-based wind energy in the Northeastern United States. The NWRC
serves the information needs of New England and New York for land-based wind, and
that same region plus New Jersey in the case of offshore wind.

Published research, studies, and analyses associated with the issues impacting public
acceptance of wind deployment are available in the NWRC Resource Library.

The Clean Energy States Alliance (CESA) manages the NWRC.

Northeast| . www.northeastwindcenter.org
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. Who is TenneT?

. Experiences of the
offshore pioneer

. Outlook

. Lessons learned




_Two TSOs — One Company 2

*  We supply 41 million end users
with electricity.

« Operation, maintenance and
further development of (extra)
high-voltage power grids in parts
of Germany an the Netherlands.

« Statutory mandate for grid

expansion and safe operation
on- and offshore.

TenneT

« Approx. 23,000 km total grid length

* 462 substations

* Approx. 4,000 employees (internal and
external)

* Revenues € 3.948 bn. in grid business

23 May 2018 TenneT - Integrating Offshore Wind to the grid 3



NordLink
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TenneT - Integrating Offshore Wind to the grid
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_ |l egal framework

Germany

Since 2006, TenneT is legally obliged to connect the
Offshore Wind generators in the German North Sea to the
grid.

§ 17d EnWG (German Energy Industry Act)

The Netherlands

In 2016, the Dutch government formally appointed TenneT
as the responsible party for developing and operating the
Dutch offshore grid connections.

Dutch Electricity and gas bill (STROOM)

23 May 2018 TenneT - Integrating Offshore Wind to the grid 5



_ Development of subsidies 2

INn the North Sea

2010
2012
2014
2015
2015
2015
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017
2017
2018
2018

Gemini (Netherlands)

France Round 1 (France)

France Round 2 (France)

East Anglia One (Great Britain)

Neart Na Gaoithe (Great Britain)

Horns Rev 3 (Denmark)

Borssele | und Il (Netherlands)

Danish Near Shore (Versterhav) (Denmark)
Borssele lll und IV (Netherlands)
Kriegers Flak (Denmark)

Triton Knoll (Great Britain)

Hornsea Il (Great Britain)

Moray Offshore Windfarm (Great Britain)
Gode Wind 3 (Germany)

He Dreiht (Germany)

Northern Energy OWP West (Germany)
Borkum Riffgrund West 2 (Germany)
Hollandse Kust Zuid (Netherlands)
Borkum Riffgrund West 1 (Germany)

23 May 2018

16,89
18,00
18,00
16,20
15,40
10,30
7,27
6,38
5,45
5,00
8,52
6,56
6,56
6,00
0,00
0,00
0,00
0,00
0,00

® price in Euro cent
per kW/h






A,
__TenneT‘s track record =

Germany The Netherlands

« 14 grid connections for « 5 offshore grid connections
Offshore Windfarms « 3.500 MW until 2023 (AC)

11 HVDC connections, e additional 7 GW until 2030
3 AC connections (AC and HVDC)

* 6.232 MW at present * NorNed (2008): 700 MW

« 8.032 MW until 2023 » BritNed (2011): 1,000 MW

* NordLink: 1,400 MW (2020) « COBRA cable (2019): 700 MW

23 May 2018 8



 Schematic of Offshore Grid
~ Connections

HVAC-grid connection (Netherlands)

offshore 700 MW — 6 KV cable
substation AC — 220 KV Cable

— @XiStiNg onshore grid

sea cable

66 kV cables

Offshore wind farm
—— AC (three-phase alternating current)

converter station at sea HVDC-g rld Con nectlon (Germany)

extra high voltage grid

converter station on land substation

offshore wind farm
transformer station

dyke
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Offshore wind farm
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cables

Standardisation of assets and processes

Enabling level-playing field for competing offshore wind generation
investors leading to low cost of energy

Coordinated expansion of offshore wind with onshore grid

Optimum use of transmission capacities and level of asset
redundancy — connecting several offshore windfarm to one cable

23 May 2018
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REGULATORY CONSIDERATIONS
FOR OFFSHORE WIND TRANSMISSION
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GENERATOR LEAD LINE

>Current Model in State OSW. Procurements

> Bundled PPA Rates, based on Delivery of Energy

» Low EDC risk,but potentialifor.low transparency.
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VIERCHANT OWNERSHIP.

> Curramh; Not Part of State Procurements
> Cost-Based, Participant-Funded Rate Recovery:.
> ,A\llacatian of Capagity.
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TRANSCO OWNERSHIP.

>Beneficial Model that is Difficult to Implement
aY

> Cost Recovery and Capacity. Allocation
» “Socialized” Cost Recovery.through RTO OATT

Either.RTORegionalllransmission Plan orFERC Order
000 “Pub ~\c‘. V. Proje: cts” Process?
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141 FERC 461,044 (2012)
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ALLOCATION OF RISKS / IMPACT ON FINANCING

>Generator Lead Line
» Developer Takes All Risk

» RESULT: ImprovesAbilityvifor.Project Financing
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» Who are Counter-F h rties, ‘n.l\\{l‘n bears Risk?
*/RESULT: Creates C ln]};m...s for Rroject Einancing
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QUESTIONS?

Mark C. Kalpin

Dartner. Holland & Knicht LLP.
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Thank you for attending our webinar

Warren Leon
Executive Director, Clean Energy States Alliance
warren@cleanegroup.org

Northeast Wind Resource Center: www.northeastwindcenter.org

DOE Wind Exchange: https://windexchange.energy.gov/
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