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Smart energy systems and energy storage

in the transition to renewable energy systems in Denmark

people.plan.aau.dk/~bvm/

Four decades of years of stable energy
consumption with an active energy policy

b3 Danish Primary Energy Supply
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Types of energy systems and
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Energy research in a
real life experiment
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Energy research in a
real life experiment

Key facts for energy in Denmark

* 28% (app. 35% in Jylland) wind power

» 120,000 owners of wind turbines

« High share of the world’s offshore power
« More than 30% distributed generation

* 50% of electricity from CHP

« Comprehensive energy conservation policy
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Case: Skagen CHP plant

el

Skagen CHP plant

CHP capacity: 13 MWe and 16 MWth

(Three 4.3 MWe Wartsila Natural Gas
engines

250 MWh heat storage
37 MW peak load boilers
10 MW electric boiler

Heat Pumps Investment under
consideration

18-09-2012



18-09-2012

The main electricity markets

Primary reserves (frequency controlled production)
Secondary reserves (controlled by status of primary reserves
Manuel regulating power (Tertiary reserves)

Intra day market

Day ahead spot market

15 min 1 hour >12 hours

>

The M.Sc. Programmes in Environm. Managem. & Sustainable Energy Planning and Management, 8. Semester, http://people.plan.aau.dk/~ana

I
Skagen

e Day ahead spot market in Jan. 2005
e Regulating power market in approx. 2006

e Automatic primary reserve market
in Nov. 2009
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Cost of entering primary automatic
reserves market

e Cost of making +- 1.4 MW available on the engines:
Only approx. 27.000 EUR.

¢ Investing in 10 MW electric boiler:
Approx 0.7 MEUR.




At present 99% of Danish Wind Power is used in Denmark to
meet Domestic demands
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The long-term Objective of Danish
Energy Policy

Expressed by former Prime
Minister Anders Fogh

Rasmussen in his opening Former Prime Minister 16 November
; ; 2008:
SpeeCh to the Parliament in "We will free Denmark totally from

2006 and in several political fossil fuels like oil, coal and gas”

agreements since then: " ... position Denmark in the heart
of green growth”

To convert to 100%
Renewable Energy

New broad agreement in March 2012 with
2020 targets on energy savings and 50%
wind power + 2050 100% RE target

18-09-2012



18-09-2012

Systemintegration

Energy saving Efficient convertion

Renewable energy

Critical excess
electricity production

Principle Diagram
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Coherent energy
systems analyses

* Technical energy system analyses.
— Potentials and problems?
— Barriers and synergies?
— System solutions?

* Socio-economic analyses.
— Good and bad proposals?
— What proposals make up a coherent
total energy plan?
— What is the total costs?

— What are the abilities to profit from
international trade?

www.EnergyPLAN.eu

e EnergyPLAN energy system analyses tool

Free software

Planning model

Deterministic input/output model

Enables modelling of radical changes

Integration of electricity, heat and transport sectors
Modelling of large-scale integration of renewable energy
Separation of technical and economic modelling not bound by
current institutional schemes

e Electricity storage
e CAES systems

e Electric heating

e Heat pumps
e Electric cars

e V2G

¢ Flexible consumption

e Regulation of CHP plants

e Stopping of wind turbines
e Production of hydrogen
* Transmission abroad

A palette of solutions

a°
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The electricity and heat ballance

Energy 21 (Government Energy Plan 1995)
50
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l Wind B CHP B Condensation @ Demand & Heat Pump M Surplus

Analyses in 2000-2001

e |t is better to use excess electricity
from wind and CHP ey e
domestically/locally than to build :
large international transmission
lines
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Short-term system

integration

e Denmark can operate a system with 20%
Wind and 50% CHP

e By adding heat pumps to the CHP units the
integration of wind power can be raised to
approx. 40% with-out loosing efficiency (nor
wind power)

 Including the CHP plants in the various electricity
markets is essential.

* Once the markets are open for CHP plants the
cost of entering them seems small.

Example of technology study:
System integration options
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Example of technology study:

Excess production (TWh)
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Example of technology study:
System integration options
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Example of technology study:
System integration options

Closed energy system
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Recommendations |

e Make CHP unit regulation depend on wind power
input (10-20% wind without loss of efficiency)

e Add heat pumps (and heat storage capacity) to
the CHP units (approx. 40 per cent Wind Power)

e Use electricity for transport

as much as possible

e Other kinds of flexible

demands are of less
importance

Surplus Electricity Production
Including grid-stbilisation
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B /
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Recommendations |
e Not much gained -
(integration of wind nor
profit) from investing in
electricity storage options

e However the inclusion of
CHP, heat pumps and R R
transportation unitsin |17
securing grid stability is |~ i
essential. COELEEL ISP E PSS

Recommendations lll

e The kind of flexibility one need from a
technical point of view in a closed system
(CHP, HP and transport) is the same kind of
flexibility which is needed to raise profits of
exchange in an open system.

Marginal trade income
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liquid fuel storage

¢ In the medium long term
perspective RES electricity has to be
transformed into RES gases and
liquid fuels (in combination with
biomass) to supplement the limited
biomass resource. Such conversion
opens for the use of gas storage and

Recommendations IV

Technical energy system analyses from

2009 with 50% renewable energy
(Example for IDA 2030 from IDAs Climate Plan 2050)

* Objectives:
— Reduce excess electricity
— Decrease fuel demand

,,,,,,

Step 1:
Starting Point
Step 2:

CHP regulation
Step 3:
Large Heat Pumps

Step 4: Flexible
electricity demand

Step 5: Smart
charge of battery
electric vehicles

Step 6:
FC regulation

Excess electricity Boiler share

44%

17%

16%

14%

10%

5%

10%

36%

15%

16%

20%

23%
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Smart energy systems are crucial in
100% renewable energy systems

Electricity smart grids are only one part of this system. The scenarios rely on a
holistic smart energy system including the use of:

e Heat storages and district heating with CHP plants and large heat pumps.

* New electricity demands from large heat pumps and electric vehicles as
storage options.

e Electrolysers and synthetic liquid fuel for the transport sector, enabling
energy storage in a dense liquid form;

e The use of gas storage and gas grids for biogas and syngas/methane

Flexible integration of electricity, heat, gas and transport
www.CEESA.plan.aau.dk

Primary energy consumption in CEESA _

scenarios for 2050

.000 nused electrici
' o ey CEESA-100%
Wave power
» - o Renewable
B Wind power
1 — Transport: energy
0 L ~ Electricity as much as possible, but gas and
liquid fuels are needed to make a transition.
s0 L | Presented for the Minister
Biomass: of Energy, Climate and
3 w0 - .. Is a limited resource... and cannot cover the Buildings in Nov. 2011.
¢ transport sector....
400
Consequence...
07 electricity from wind and other RE should
be converted into RE-gasses and liquid fuels
1 inthe long run..
100 i Oil
R m Coal

Reference  CEESA 2050 CEESA 2050 CEESA 2050
2050 Conservative Ideal
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Gross Land Area Required to Deliver 1

PJ of Fuel (Ha)

Land Area Required: 1 PJ
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Renewable Resources in Denmark
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Socio-economic costs

250.000

e Transport pose a very
200.000 — hlgh pOI’tiOﬂ of the
costs compared to
other energy services

150000 +—f0—1 &

¢ Direct economic
100.000 advantages in
. transition

50.000 ] + @ °* Inaddition:

¢ More stable costs
e More jobs
* More export

2010 2020 2030 2040 2050 2020 2030 2040 2050

Reference ‘ CEESA

» Lower health
W Investments, energy O&M, energy
M Extra infrastructure inv., transport Investments, vehicles COStS
O&M, vehicles Fuel

CO2-costs
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CEESA Publications

More information

www.ceesa.aau.dk
www.energyplanning.aau.dk

http://energy.plan.aau.dk/book.php

http://www.emd.dk/desire/skagen
www.EnergyPLAN.eu hitp://www.emd.dk/el
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