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AGENDA

ToOTUN

Introduction to Energinet — the Danish TSO for electricity and gas
IFF¥3Y MEOBNYN—TOI—VDEN - HRAZRKERHE (TSO)

The Danish electricity system with 43% wind power
TUR—VDERERK : BNREN3%ELHHD

* Energinet’s toolbox for efficient integration of variable renewable energy
IFFFy FEOY—ILFY kb NEDRUVWVREHRKS

Towards a fossil-free energy system by 2050
2050 [C[] (T T : (EBEBRBEANDEKENSHEAL-IRILF—S AT L



ENERGINET - TRANSMISSION SYSTEM OPERATOR IN DENMARK ENERGINET
ITFXRIb—TUoI— D RHE AR

* Ensure short- and long-term security of supply for electricity and gas SEH~ERAE R - B R DORE BB HEE

« Ensure well-functioning markets for electricity and gas - BYIZHEET BEH - HATHIGDHEL

« Own, operate and develop the gas and electricity transmission grids ° BN - AREBRMFOMA ., EFLHE




ENERGINET

THE ENERGY SYSTEM IN DENMARK IS CHANGING
EEITDITUOR—IVDIRILF—DRTLA

* By 2020, wind power will constitute 50% of the electricity consumption
2020F FTIC. EHHEDOWZRENFEEN DD

e By 2030, renewable energy will constitute 55% of the energy consumption
2030FFTIZ. IRILF—HEDSWNEEHARIRILF—DEDHD

* By 2050, Denmark will be independent of fossil fuels
2050F F TIZ, TUOX—VIFLBBEHEMNORENT S
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Strategic commitments of Energinet:
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- Efficient green transition — REHIGRER
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- Healthy investment climate  — fg&#niBERE
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AGENDA
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* Introduction to Energinet —the Danish TSO for electricity and gas

* The Danish electricity system with 43% wind power
TUOR—VDERERK : BARKENI3%EHH D
* Energinet’s toolbox for efficient integration of variable renewable energy

e Towards a fossil-free energy system by 2050
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PARALLEL DEVELOPMENTS
BIR/ TIHRAFED R FEST

- TOWARDS RENEWABLE ENERGY AND OPEN MARKETS
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ENERGINET

From primary coal fired to local CHP and wind power
BRX A L HESEBOCHPE BANERIRIC

From vertically integrated monopoly to competitive electricity market
EERESBOMEHIEL, SBEFHREBATIES
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ENLERGINET

DANISH WIND POWER IN 30 YEARS — NOW 43% OF DEMAND
TUOR— BT ARANRERFERENHRE —BREIIRILF—FTENDLBNELHNH S
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ENLERGINET
THE DANISH ELECTRICITY SYSTEM
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CNLERGINET
A WEEK IN SEPTEMBER
9OR MBI (18R
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FLEXIBILITY IN THE ELECTRICITY SYSTEM ENERGINET
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ENERGINET
SPOT PRICE, WIND POWER AND MARKET DYNAMICS
ARy Mg, BAREBELEHBEOFAFTIHVX
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Example: High winds — low price - no large power plants ENERGINET
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OPERATION WITHOUT CENTRAL POWER PLANTS ENCRGINET
PREPEDEEFRRZETH L VRITER
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OUTAGE MINUTES IN EUROPE ENCERGINET
BX N DIFERE (5)

= VERY HIGH SECURITY OF SUPPLY IN DENMARK IN PERIOD WITH INCREASING SHARE OF RENEWABLES
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ENLERGINET

AGENDA

ToTUR
* Introduction to Energinet —the Danish TSO for electricity and gas

 The Danish electricity system with 43% wind power

* Energinet’s toolbox for efficient integration of variable renewable energy
IFFRY FEDOY—ILFY b EDRUWREHE

e Towards a fossil-free energy system by 2050
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TOOLBOX FOR EFFICIENT LARGE SCALE RES INTEGRATION
ZHEBAIRILEF—DONEMLGERKEEAICRAIT=Y—ILIRY I X

Strong transmission grids and interconnectors
58 [E 75 3% B R & EIERR

International electricity markets
BRI 7EE H Tz

Flexible generation system
EZHEOHILIREVAT L

Specialized forecasting and operational planning tools
HMM G FETE - RFEERSEY —IL




TRANSMISSION GRIDS
& BRI

* Variable RES drives grid investments
EHEEARIRILF—DNRFE~NDEREZRE
 Strong grids enable
MEGRREMNERT H5DE - - -
* Optimal utilization of generation capacity
REHEBEEDF AZEL
* merit order dispatch
Ay A —F—ICEDKHERS
* Balancing in larger diversified areas
e yae:bc [0k VAN A2/
e Sharing of reserves
i FlEHOLE

= A positive business case for grid investments
REANDBREZXRT RO T+ THLESKRREH

Danish experiences on market based integration of wind power
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ENLERGINET

THE ELECTRICITY MARKETS

ESWANTE: )
HE EAH %
Scheduling Operation day Settlement
) J—RI—ABRFoov T EE it PR
Nordpool/Balancing responsible Transmission system operator

Financial Day ahead Intraday Balancing
market
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European market coupling
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ENLERGINET

FLEXIBILITY OF POWER PLANTS
FERIEDFERKE

Technical key data of Esbjergvaerket
CHP Plant

Commissione 1992
Max power production (net) 378 MW

Max district heat production 460 MJ/s
Coal consumption at full load 120 t/h -

_Oil consumption at full load 73t/h

Steam pressure 251 bar
Steam temperature 560 °C

KPRECHP T S5 v F DB H & EAIEE

Power output from large CHP plant together with hourly prices
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WIND POWER FORECASTING —
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ENLERGINET

AGENDA
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* Introduction to Energinet —the Danish TSO for electricity and gas
* The Danish electricity system with 43% wind power
* Energinet’s toolbox for efficient integration of variable renewable energy

* Towards a fossil-free energy system by 2050
2050 (2@ 1T : LBABBADIKENOHRAL-IRILF— T L
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INTEGRATION OF VRE
ZHEBAIRILT—DOHE

- AFTER THE FIRST 50% NEW CHALLENGES AND OPTIONS ARISE
509 E LR ICEIET AF-LREEA T a Y

VRE share

50%

For the next 50 %

a vertical market perspective
will play a vital role
RD50%IZ[FIFT

rEEREHTIZIOREL
NEEGRANERT

ENERGINET

Vertical integration

* Coupling of sectors

* Temporal integration — storage

* Activation of demand side - retail

* New market players and business models

Digital market processes — free data and low transaction costs

Horizontal integration

» Strong transmission grids and interconnectors

* International electricity markets - wholesale

* Flexible and controllable generation system

* Specialized forecasting and operational planning tools
Well known roles and business models

2020

7K

FEHRS

c BIUE-—DHEE
UEWGHRE - BBt
FETAREDFEMRIE - /T
H-EmETLAV—EFRESRRETIL
MiETOERD T - BET—5. W513X
F DK

EHE
REE B REERERR
ERrIEE s - &
ZEHMENHY . FIERIEEGREIRT A
BEMMAEHA TR ERETEY—IL
BEHDEJREICESKRRAETIL



FLEXIBILITY IN A COHERENT ENERGY SYSTEM
—EBLEIRILFT—RTLORKME

2035 — Reference with fossil free electricity and heating systems
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THE ENERGY VALUE CHAIN IS TRANSFORMING
EHELDODDOHAIRILEX—DNY) 2 —Fz—>
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ENLERGINET

New decentralised developments

-G OB EORRETILORRE

Distributed generation

Technology and data driven
business models
Bl - T-ARTEOESRRE
TIL
Digital platforms supporting
business models and security of
supply

FORNLNTSY b IFr—LHXZ
BECRRAETILERTEMRSA

Micro transactions of energy as an
added layer to the existing

markets and infrastructure
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NORTH SEA WIND POWER HUB
tEORNFEEND

A modular approach to large scale solutions
KFEV ) 12— 3 V~NDERBHNEGEEDAS—T770—F

Far shore becomes near shore
e EADREHIIELDFEEIZ

* Distribution point for different countries and
interconnectors

« BEHOE - EFERBEADEERA 2
e Space for multiple converters (AC<>DC)
- EXTMBEITOAR—R
e Perspective for Power-to-Gas
« BAHHRI (Power-to-Gas) ~DEEE

» Cost reductions for grid connection of
offshore wind power

> FLEERNREEBEORMER D R MER

ENERGINET

-- Power Link Island
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SUMMING UP F &6

Danish plans and goals: Tov—J®0O&EELH R
e 2020: Wind power will constitute 50% of the electricity consumption
20205F : R AEBHNEBNHEDE HHD
e 2030: RES will constitute 55% of the energy consumption
2030 EHEBATIRILEF—DIRIILF—HEDSUEEDHD
*  2050: Denmark must be independent of fossil fuels
2050%F : T RX—V XL BBMADERENSHEAL TS
Toolbox until now — horizontal integration: BERATOY—ILRY IR —KEHE
* Strong transmission grids and interconnectors REGEERFEERERE
* International electricity markets ER#GE TS
* Flexible and controllable generation system  Z&EMHELHY HIEATRELR R EL X T LA

* Specialized forecasting and operational planning tools =% % 8- EREY—IL

Long term enablers — vertical integration: EHMNEHIIER - EEHS
*  Flexibility in a coherent energy system — sector coupling
—BEMDOHIIRIILF—LRTLIZEITHREME
e  Transformation of the energy value chain — data driven business models
IRNF—-N\Ja—FI—UDEE — TEXRTEDEDRIETIV
Demand side flexibility FE4/F0F&k

*  Bothlocal and large-scale solutions #hig, K&V 1—> 3> O EEEHA

ENERGINET




THANK YOU FOR THE ATT
CEEHYMNES DS

-NTION

Sle=




