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The Danish energy sector is on a journey towards a reliable, sustainable
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energy system rooted in an international market

Paradigm changes in the Danish energy system...

1970s

+ Oil fired plants
* OQil crisis
» Retrofit for coal

ﬁ___ |l_|_|-l-n- i

1980s

+ State-of-the-art
CHP

+ Gas network

» Climate change
starts to gain
attention
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* Wind power
grows
« From single
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turbines to wind

* Interconnectors
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1990s 2000s

* New market
framework

» Sector on
commercial
terms

» Large scale
offshore wind
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2010s

* World leader in
offshore wind

* High share of
green energy

* Integration via
flexibility

* Smart energy
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...cause changes in the underlying structure of the energy system
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Flexibility services will have an increasing role in responding to
the paradigm shift in the energy system

Rapid, radical and extensive changes in supply and
demand structures are about to fundamentally shake the Smart grid

whole power industry DR
A new system steered by weather will emerge EV VPP
A one-in-a-century reshuffling of the marketplace will . Eiﬂl
pose major threats to existing structures _ L/\\/ )
Yet tremendous opportunities exist to grasp for 2 -
foresightful market participants g Storage
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Government objectives put the Danish energy system under pressure for
change...

Government targets are driving this process... ... which has extensive impact on the energy value chain

Production » Significant extension of wind and biomass to

provide RE power
» Heat constrained operation on CHPs cause
surplus power production

Increasing

% Wind penetration proportion of
relativ to demand intermittent power
(wind)

Transmission » Need for increased interconnector capacity
209 and enhancement of the transmission net
. > Pressure to store RE within heating,
CO2 emission reduction | cooling and the gas transmission.
relative to 1990
2020
Distribution » Pressure on distribution net capacity and ability
to integrate wind, local PV production and new
100% loads
2035
Consumption o " .
Increasing > Incre.ase in “green" and efficient customer
proportion of new solutions _
loads and local /\ > Power based energy consumption
100% generation m M > Deployment of distributed generation
22%]
<\
% RE in all sectors 2010 2050

Source: Danish Ministry of Climate, Energy and Building,
Group Regulatory Affairs

* Note: 11,4% refers to non-adjusted data. If the data is adjusted for the low emissions in 1990 due to large hydro reserve in the Nordics, the
reduction is 23,8%. While the Kyoto target refer to non-adjusted data, it remains unclear what the Government target refers to. D 0 N G
** Note: No coal for power production, neither oil burners for heating in 2030
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The 50% wind integration challenge in 2020 is unprecedented in history!

Projected volumes of wind power in the energy system Potential impact for balancing

Windpower
MW installed ~25%*
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Key integration questions are... 3.000 . | , NN, N
* How do we store excess amounts of RE power? § A{M \ \ U
. : i : : 2.000
What will be our back-up power production during I\,
low or no wind? 1.000 -
* How do we handle the ramping from RE power 0
production and new loads?
* How de we secure strong and reliable power grids? mmm \Vind powered energy production ~——Demand load
Source: Energistyrelsen D 0 N G
*Data from West Denmark, January 2010 5 F_lnergl__l

(Energinet.dk — Markedsdata)



Example: Who will deliver system services in the hours when wind

power push the CHPs out of the market ?
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RES are stressing CHP
operation and pushing
them out of the market

New flexibility providers
are needed to handle the 4
main future challenges

B
Deficit \J >
Grid servicesﬁ Time
Wind power Power
production consumption

POWER HUB
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We need to mobilize technologies that accelerate
the energy system integration...

heat

Energy Island
Interconnectors

Electric vehicles,
Heat pumps,

Battery's 2nd life, \l\/
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Smart Grid
Supercaps,
Flywheels,
Batteries
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Securing Storing for Leveling the
power quality night and day the weather seasons

Timescale (hour-day-week-month-year) DONG
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... and manage the system intelligently to maximize
the value of available energy resources!
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Analytics &
Modeling
* Correlations
« Pattern recognition
Data Mining .« Simulation
* Quality
 Security
* Monitoring
* Availabilitye

i\/jjil,@, opportunity

Understand Operate the Develop the

your business business business
A W\
« Maintenance « Asset optimization )M p I ex | ty * Production « Market ] N G
- ; planning, online : :
and fault finding and diagnoses... R integration and gy
in operation. .. 8 monitoring and trading...

optimization...



Key strands to solve the puzzle...

Portfolio optimization as one big Virtual Power Plant across

energy and ancillary service markets OBJECTIVES teraction on top levels

System

Integration of large amount of wind
power causes both energy and power
balancing issues

Plants

A key for a sustainable RE future is energy system integration
including mobilization and intelligent control of local generation
and loads

. - . . . . roarion Dy Anead |
Power Hub is providing virtual inertia at the Faroe islands Wersts |
Island Operati ion in the Faroe
Ancillary
Faroe Islands:

servioes |

=)

50.000 inhabitants AN l
Electrical isolated g

~40 MW peak load
30% RES today
2020 goal: 75% RES (50% wind)

Marketinegmton

Infraday
Marists |
Challenges: —/
Often blackouts
Very fast frequencydrops
PowerHub solution:

Load shedding (reduce load within ¥2- 1 secol
* Heat pump — Salmon farming

* Cooling compressors — Cold Storage

* Cooling compressors — Fish processing
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# In the frame of EU-FPS project Anemos.plus (2007-2011)
However a Smart Grid setup for providing flex| As distributed generation capacity increases, the implementation of grid NG - o and inpilton o sppcoprabe ascast iy
through a power exchange is being proposed intelligence | aly to reduce future grid u T ol and spgcaton s v vaiea vingen
The Danish Smart Grid Exchange (Vision)
Traditional grid upgrade fo mest ‘$mart grid implementstion
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Several energy infrastructures will be affected by the future RE/DER
integration challenge

Energy Infrastructure 1990 2000 2010 2020 2030
Decentral generation DeCHP expansion _
District heating Coproduction efficiency _

Flexibility markets Long contracts

Central production Fossil based
co-production

Power transmission
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Thank you for listening
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