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Value chain - from energy ressources to energy services
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Energy services forecast example for DK
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A future need for sustainable fuels in non-electrified services
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Energy flows in system (not scaled)

Ressource Energy-system Energy service
Sustainable energy Flexible and efficient (economy and energy) Low and stable costs
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Development of production and use of energy
(example)

PJ/year

300

Power Gas Heat Transport Proces

2011 2025 2035 2050 2011 2025 2035 2050 2011 2025 2035 2050 2011 2025 2035 2050 2011 2025 2035 2050

Electricity msm Surplus h. REgas/fuel == Bjo/waste Natural gas

= Oil = Coal == Wind,PV, == Netto demand (energy service)
geo

- :
.
I wre

2014-12-09 Dynamics in the Energy System of 2035 5




ENERGINE'I/DK

Scenarios for EV penetration 2014-2035

EV forecast (excl. PHEV)
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Is there a future for V2G ?

Charge-
spot

___________________________________________________________

/ DC/AC Converter \

Battery Q Motor

How much is the additional EV cost for V2G
What will be the standard after 2025 ?
Should the power system be ready to handle the feature ?
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Charging power- how far on one hour charging

One hour charging - presented as km range

63 A, 3 ph (44 kW)

32 A, 3 ph (22 kW)

16 A, 3 ph (11 kW)

10 A, 1 ph. (2,3 kW)

0 bu 100 150 200 250 0 350

Km

2014-12-09 Dynamics in the Energy System of 2035 8



ENERGINE'I/DI(

Capacity in the distribution grid to EV charging
Case study in a low voltage distribution net (0,4 kV in DK)
16 Amps 3-phase charging example
Obs - this example is for a local grid with low capacity
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Case 2035 - flexibility from EV’s and other sources
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Fleksibelt el-forbrug vil kunne supportere balancering
og netreserve i el-systemet frem mod 2035

Fleksibelt elforbrug i 2035 typisk over 1500 MW
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Fleksibelt elforbrug kan potentielt daeekke behov

Simuleret behov for regulerkraft

Fleksibelt elforbrug som netreserve kan gge udnyttelsen
af transmission

Fleksibelt elforbrug som net-
reserve

= Det fleksible elforbrug i 2035 er relativt stort, og
stgrrelsen er analyseret ift. brug som:

= Regulerkraftydelser

1500 (5 min interval) » Som supplerende netreserve i transmission.
. = Anvendt som netreserve kan behov for traditionel
zZ o = netreserve reduceres, og udnyttelsen af nettet
500 derved gges.
o » Enkelte forelgbige vurderinger af fleksibelt forbrug
oo DK1 som netreserve gennemfgrt. Behov for naermere
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I
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Keeping the system in balance, market solutions

Normal use of reserves
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Danish perspectives on system support
from different technologies

Generator Classical

HVDC
Inertia (+)
Short circuit power =
Black start +
Continious voltage control =
Dynamic voltage support =
Damping of system (++)
oscillations (PSS)

++ Large contribution
+ Minor contribution
(+/++) Conditionally available
= Unavailable
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EV’s — example on integration

in a Smart Grid
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Example - control strategy
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Example - control strategy
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