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Status of Renewable
Energy in Denmark

261 May 2023
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) ONSHORE RENEWABLE ENERGY TARGETS

(=30
.

Latest Energy Agreement, 251 June 2022
* Quadrupling of the of onshore wind and solar PV by 2030

* The Danish state will designate larger areas for "Energy Parks" onshore as a
supplement to the planning for renewables executed by the municipalities

* The Danish State will start screening for 10-15 locations onshore for more
renewables

* Strong local acceptance from residents and municipalities is critical for the
expansion of four times more renewables onshore

Danish Energy
Agency
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‘ DEVELOPMENT OF OFFSHORE WIND IN DENMARK

* 1991: First Danish offshore wind farm T — : -
, pacity of offshore wind (MW) in
Vindeby (5 MW) Denmark
25,000
+ 2023: ~ 2.3 GW offshore capacity 20,000
15,000
* 2030: ~ 9 GW installed capacity Tipech
5,000
» 2050: ~ 35 GW installed capacity ’ D D5 hD b

B Existing M Future incl. energy islands

Tender out 9 GW to be constructed by
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. OVERPLANTING OF OFFSHORE WIND

Maritime Spatial Planning

Screening the Danish waters for suitable sites for offshore wind to be tendered.

Overplanting

* Higher capacity in each area with more/larger turbines.
Downside: creates wake effects.

* Permission to install a higher capacity within an area than what

can be connected to the grid in the first place. Excess power =
can be used for PtX via a direct line rather than through the grid. -

—
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Power-to-X and Offshore Wind

Power generated by offshore wind can be used for PtX and hereby contribute to
the green transition of heavy transport and air traffic.
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. CO-EXISTENCE

Existing procedures still valid when overplanting
Before tender:

Strategic Environmental Assessment (SEA)

Before establishment of the wind farm: L
* The concession winner must carry out Environmental Impact Assessment m

and have it approved.

+ Dialogue with the fishermen as part of screening of the seabed for suitable sites for offshore
wind.

The concession winner must pay compensation to the fishermen.
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. TENDER EVALUATION CRITERIA

Different approaches
Price plus
Price threshold
values

Simple
Fast
Objective

Fast
Objective

Qualitative
evaluation

Innovative
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S

Electricity sector reform.

, ) State-owned TSO established. Negative prices Smart meters and
Capital to pewercampanies, allowed in day-ahead hourly settlement to all
TSOs established. Market market. costumers.

access for large companies.

rtically
integrated sector 1999 2005 2009 2020

100+ distribution
companies own 14
power plants.

Local monopolies.

market based

Transmission and generation
unbundled.
Commercial suppliers
introduced
1 995 +  Distribution companies
2003 2007 2014 reduced to 43
First EU liberalisation directive Market access for all Small scale CHP on the Electricity regulation
mtroc_luces TPA and unbundling. consumers. market. Committee. Revised
Nordic market already regulation for DSOs.
underway.
12'- Danish Enorgy
Agency Page 9
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To Norway (DC)
1976

To the Netherlands
DC) 2019 I

Internal and external transmission lines and the year of commission

*+ Denmark is very well-

/!

To Germany
) 1957 I

To Sweden (DC) connected to its
i neighbours.
* Many connections have
later been strengthened.
* A cable to UK will open in
2023.
To Sweden Capacity balance 2020:
8 1975 Dependent on neighbours
Connection West and 0000
East Denmark (DC)
2010 15000
=0 Wind and solar
\ § 10000 Impon
ToGermany®q) § @ . . W Thermal capacity
1995

To Sweden
1980

5000
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Peak demand
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CURTAILMENT - THE
DANISH CASE

May 2023

Klaus Winther, Vice President, System Operation, Energinet
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ENERGINET ENERGINET

HIGH LEVEL OF SECURITY OF SUPPLY TOWARDS
100% GREEN ELECTR'C'TY Energy island location, OSW and

connections only illustrative

historic forecast

Outage

DSO, outage minutes EEMTSO, outage minutes ====TWh), VRE

Source: Energinet security of 2021. Danish Energy Agency: Monthly — ELECTRICITY TRANSMISSION GRID
energy statistics and Assumpttions for Ei 202 GAS TRANSMISSION GRID

ENERGINET
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CURTAILMENT OF
WIND AND SOLAR

Forced curtailment of wind and solar: < 1% of VRE production Pet. of Consumption covered
by Inverter-based Generation

By law ENERGINET is today obliged to: ’
(Capacity)

*  Compensation of curtailment of connected production if
unplanned grid congestions

Connect new production in reasonable time — and
compensation if connection not ready as agreed.

Curtailment compensation is based on market price and
forecasted production

Technology neutral regulation based on EU network codes

ENERGINET actions to reduce curtailment and costs:

Pro-active grid planning —also with distribution grid operators
(DSO)

Optimize utillisation of grid with digitilization and forecasts

Use of market based tools to curtail lowest cost units and L
reduce administrative costs

SE/ESE ZH O
7|'ﬁ)gXHAOH0”|:|X|(VRE)h£ = OIH{E| 7|4 MO 2 BThE|=

2H| (%
27500 HX o LA . 12
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O > 100%
. > 200%
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HISTORIC DEVELOPMENT

Before 2008: Renewable electricity is prioritized production (EU
regulation) and balanced by TSO. Full compensation if curtailed.

2008: new and existing wind and solar own balancing responsibility
and introduction of negative electricity prices. VRE production
voluntarily reduced, when negative prices are below premium
(subsidy).

2010: As part of tender conditions, Anholt offshore wind park (400
MW) obliged to curtail without compensation if prices below zero.
For existing offshore wind parks no restrictions.

2012: wind participate in energy balancing market with voluntary
down regulation

201x: Cooperation with DSO (<110 kv) on grid congestion planning,
as VRE build out in DSO area can also influence Transmission grid.

2020: first wind turbine installed without subsidies and incentive to
stop production when electricity price below zero

2021: updated rules for compensation from curtailment for non-firm
connected wind turbines and use of market based downregulation
(cheapest unit from energy balancing market will be down
regulated)

2021: Development of public capacity map with DSO to incentivize
investment where, there is excess grid caapcity (reduce future need
for curtailment)

2022: geographical differences in connection costs and production
tarifs to incentivize location with high demand and low VRE
production

ESY

20083 O & T 44 MBS A (EU 78). TS0 7}
WA (2T E Al 100% 2 A
2008 S /B E

O|F 20 4 0jo| L

ZE0YEES

s

20104 HE E s+t 52 EHX] (400Mw) S
M27t20[ o 05t2 HO|E 42, &

off &S S TR o = Aot St
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O LA R 2 A A & &0 =

201x: DSO X|GLYf VRE 50| &F

DSO2LC| B 5o A S =& A

2020 EX &
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LS HEEE

T S R 7Y,
20224 AAH|& 1t M7
12=9 /K VREA AL X| € 0f
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CURRENT AND FUTURE ACTIONS TO REDUCE NEED
FOR NEW GRID AND CURTAILMENT TO ACCELERATE
AFFORDABLE GREEN TRANSITION

Construction Solutions:

*  Direct lines - relevant for offshore wind and elelctrolyzers
*  Pooling of projects to etablish new substations

*  Temporary masts and direct connection

Planning solutions

+ Technology neutral grid planning — seperate identification of needs with
solutions

¢ Electricity price and solar/wind/storage/hydrogen optimized hybrid grid
connections

+  Market dialogue on expected new investments in solar and wind
+ Digitilization of connection process for improved transparency
Market solutions:

¢+ Tariff reform to give location signal and reflect on actual costs for
connection

¢+ Local flexibility markets for congestion handling

+  Storage based on technology neutral market incentives
Operational solutions

+  Forecast based dynamicline rating

*  Newdigital tools in control center for improved real time information and
forecasts
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COMPENSATION PROCES FOR
FOR CURTAILMENT GRID CONNECTION

Connection agreement Connection agreement
with full grid access* with limitations in grid
access**

Connection delayed Compensation, spot price  Compensation, spot price
for expected production for expected production

4
1

Planned outage Compensation, spot price No compensation
for expected production

Non planned outage Compensation, down No compensation
regulation price for

expected production***

(NOILVYZIDY3NT) NOT

Less than 1% of wind production are curtailed annually due to to grid congestions
*in offshore wind tenders always full grid access. Not possible to choose limited
grid access.

**investor can choose limited grid access for faster connection and with risk of
curtailment. :
***down regulation price is normally lower than spot price. From 2022 MONTHS: MONTHS
curtailment will be based on lowest costs bids in energy balancing market : i
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ENERGINET RECOMMENDATIONS
TO REDUCE CURTAILMENT AND
COSTS FOR FAIR VRE INTEGRATION

Transparency in curtailment compensation and
expected volume important for investors to develop
projects and business case

Optimize use of existing grid with operational
solutions —incl. digitilization for real-time operation

Dialogue with stakeholders on location and
connection solutions to reduce future need for
curtailment

Use of market solutions to reduce costs for
curtailment and efficient administration

Adapt tariff, grid planning and connection
regulation to reflect future energy system needs

SECURITY
OF SUPPLY

A BALANCING ACT

and technology neutral solutions
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