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the electricity production, and Denmark is at the

Windpower makes up an increasingly larger share of ; E
forefront of this development
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Wind power production varies highly, sometimes not at
all sufficient, at other times exceeding demand. This
POWER HUB

variation will grow in the future
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Even across short time intervals the wind power

production varies highly, creating a need for system %‘
bal ancing _ POWER HUB
Energinet.dk: Computed power imbalance for Horns Reef 1 & 2 = 400 MW

=== -=-""=
[ P p——

Zero = -15I:| ----- -E f ST
1

-S

P

F--r==T==-T -

pduction
forecast -200

4 a
TIME [HOLIE

L0 o p--

]

Fluctuation of -100/+175 MW in 15-20 minutes is possible.
That will require ~% power plant down- and up regulated within 15 minutes.
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Flexibility as a commodity ... the artist's impression
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Point of departure — Why VPPs? -
Integration and orchestration of all energy resources and infrastructures
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Where do we find flexibility with our customers?
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Schematic of setup
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Fuel Cells in the Danish Micro Chp project

= A communication protocol - OPC-UA - was set up and sucessfully tested
between DONG Energy’s Power Hub system and one LT-PEM Fuel cell system
in the second half of 2012.

= The remote control software is embedded in the Fuel Cell controller, so no
additional equipment is required.

= Stability tests were initiated in December on five units at DanthermPower.

= Stability test completed in January 2013, and the necessary software updates
distributed remotely to three LT-PEM systems so valuable running experiences
can be collected during the first half of 2013
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Potential revenue regulating power DK1

- Ready to regulate fee | Perode [ Mangde | Radighedsbet
0,013€ a kW an hour 1-6. januar 2013 +- 90 MW 122 DKK/MW/h
N Dellver 2_10% Of Sold 7.-31. januar 2013 +- 94 MW 120 DEKMWH
CapaCIty —~ O 05€ pr kWh Februar 2013 +(- 74 MW 201 DEEMWMH
Februar 2013 +- 20 MW 97 DKKMW/h
Elspot e Elspot prices @
Regulating power is a free market, | [ BB [ E [ o
ready to regulate fee and e
price of delivered energy . R
. edse !"IBtEt at c anges in the DEWEQ.IEIFI I II"Ig__ area:
depe ndS O n m arked bIdS . o ;Dénap;:s;?aiz?leoznr:[:ér;sent and historical data might n¢
A — wn
Volumes DK1 DK2
Initial capacity 12.02-2013
Flow 00- 01 37,02 37.02
Transmission capacity o1 -02 36,51 36,51
Total scheduled flow 0z-02 25 89 35 80
03-04 3595 35,05
04 - 05 37,44 37,44
05 - 06 38,86 38,86
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Scope of powerhub test on pCHP demo

- Testing on four systems

«  Fixed schedule and simulated
price signal

- “Hands-on” experience with

Three different internet provider
hardware

Capability of software to catch all
transferred signals

Evaluation of Power Hub server to
HCHP system lag time

No conflicts with other use of By e S0
internet connection | v
®e %

Software integration necessary for
providing regulating power ORI
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Practical installation of Power Hub integration

- Communication is ethernetbased OPC-UA meaning no extra hardware
on HCHP system is required as existing internet connection is used

- Only start-stop is implemented in test

Reformer | Systeminfo Diagnostic Tools | Operator Tools (Service mode) | Simulator | Apps | Benchmark & Errorhanc
Release safelodk - GUI Reset forc
o -
-
B System Control Mode C)
Manual Override Operator tools Refnrm.ef
Operatar mode > Burner detectio -]
— > J
Service shutd. Reactor temp. =
_Control Mode ' — J_
:’_J'J VPP Control Reset Emergency | _!) Process Gas

i)

Dl nster :—J_

Sysitem Setup | Prox &ir f_}_

System Type | DKUCHPV3 CCR routing Lj_

HWCHP system connection to Power Hub server is during this test, set by
Dantherm personel via remote monitoring tool
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Intended end installation of Power Hub integration
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Control Mode:

VPP
Scheduled

(O Heat Demand
External Contro

* Manual [forced)

Powerhub enabled,
will be controlled on Electrical Output (W): 869

user MMI e -»
(Currently disabled)
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Fixed schedule- first conclusions

- 100% of Start stop signals received

- One of the selected systems had start-up problem (had just been serviced one
hour prior to test start), Power Hub correctly quarantined system for 4 hours and
sent restart signal

- No disruption of other ethernetbased services

- Only modulating systems will enable delivery of regulating services not start/stop
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Fixed schedule- first run completed
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Simulated price signal- awaiting test start
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