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POWER SYSTEM BALANCING
WITH WIND POWER

Balancing at Energinet

Bent Myllerup — Senior Director of Controlcenter at Energinet
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ELECTRICITY GRID

POWER on grid

- 400kVAC @ Substation —— Overhead line --- Cable
400kVDC @ Converter station —— Overhead line --- Cable
220kVAC @ Substation —— Overhead line --- Cable
132/150 kV AC @ Substation — Overhead line --- Cable

& Offshore wind farm (owned by other companies)
Last update: beginning of 2013




PARALLEL DEVELOPMENTS

- TOWARDS RENEWABLE ENERGY AND OPEN MARKETS

From primary coal fired to local CHP, wind power and PV

From vertically integrated monopoly to competitive electricity market

Transmission B | Transmission System Operator |

Distribution _
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THE CHANGES OF THE POWER
SYSTEM
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ENERGINET

SOLAR AND WIND POWER IS SHARED ACROSS
BORDERS

We cannot simply dial output up and down
MW
12.000

9.000
. Wind and solar power (fluctuating generation)

. Power stations (dispatchable generation) 4,000

A much greater share of future electricity generation is
expected to come from wind and solar power rather
than from CHP plants. 3.000
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CONSUMPTION AND GENERATION ARE OUT OF STEP

2019




ENERGINELT
FLEXIBILITY IN THE ELECTRICITY SYSTEM
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FORECAST



WIND POWER FORECAST

We use two forecasting tools — one external and one internal.

External forecast
* Online forecast (0-12 hours) every 15 minutes

* Day ahead forecast (0-48 hours) every hour
Internal forecast
* Online forecast (0-10 hours) every 5 minutes

* Day ahead forecast (0-192 hours), triggered by new weather prognosis

Each forecast is based on weather prognoses from three providers

ENERGINET




INTERNAL FORECAST

Wind speed
Production data
Installed capacity
UTM coordinates

Model
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Wind power
forecast
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DISTRIBUTED GENERATION MANAGEMENT SYSTEM

* 6300 generators on 4600 ‘plants’

* 18 Balance Responsible Parties for
Production (PBR)

e 75 plants with individual schedules and
4525 plants without!

Substation Substation Substation
Data management fOI’ 1 2 3
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CHALLENGES
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Having 4,9GW wind power installed oo}
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in the system, a change of 1 m/s in
wind speed can result in a change of
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= The meteorological forecasts rarely
agree on the same wind speed.
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OPERATIONAL PLANNING TOOL
- CONTINOUSLY UPDATED SCHEDULES AND FORECASTS
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THE DAILY POWER MARKETS
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BALANCE

-

e

-
- - 4

7 ay”™

= 0 MW

e - s+

~ 1 7

Forecast Schedule

Positive Negative



http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=o5BrX7K1kPfrjM&tbnid=1Xv_Vl5OgmT3BM:&ved=0CAUQjRw&url=http://8factss.blogspot.com/2013/09/top-10-fun-facts-about-solar-power.html&ei=R5OZU42cJcTOygOL2YLgAw&bvm=bv.68911936,d.bGQ&psig=AFQjCNHVZIGYTlxCSGLA5xw9bufhaVXzlQ&ust=1402659975356927

ENERGINET
BALANCING

Balance = Demand + Wind Power + CHP + Conventional Power +
Exchange,
 Demand is negative
* Production is positive
e Exchange is calculated with sign
* import is positive

* exportis negative

Demand, On-shore Wind Power and a part of CHP is based on predictions.
The rest: CHP, Off-shore wind power, Conventional power and exchange is
scheduled by the market players. The schedules are updated if they
deviate more than 10 MW.

The goal for balanceis ~ 0



BALANCING MARKE?

Schedules

- OPERATION
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Actual

Reg. power

N

Final settlement

Reg. power

N
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Reference for final
settlement

60 minutes before operational hour:

"Operational hour”

SN

Forecasts

| Regulating power dispatch

~ali

Market is closed, and Energinet.dk takes over
the balancing

|+
AN\
N

Final settlement

B Selling to Energinet.dk
B Buying from Energinet.dk




BALANCING THE SYSTEM

* DK eastis balanced together with the Scandinavian system and is
controlled by frequency.

It is balanced from Sweden or Norway altering on regular basis

e DK west is balanced by ENDK and is ACE controlled

We want to know the balance in advance to be able to control the system in the most effective
way.

Gives us an opportunity to manage the system balancing proactively and cost-efficiently.

We can use slow and cheap regulation.

With an increasing amount of wind power we need all possible regulating reserves in the system.

Detailed knowledge of production, consumption and exchange provides the basis for good grid
security calculations which allow us to operate the grid closer to the limit.

Wind is treated as all other production (schedules, regulating market, online measures etc.)

PV is predicted from metrological forecast, and “online measurement” unscaled from measures
collected by the manufactures of PVs and forwarded to END
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ENCERGINELT
Balancing the electricity system DK1

Power Production

TSO’s has the responsibility of
balancing their own area

Energinet.dk monitor the flow %
between DK and GE, and if the m ﬁ
==

flow does not match the
expected, balancing service has Power Consumption

to be activated



OPERATIONAL PLANNING — BALANCE MANAGEMENT. =

New balance schedule
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Around 80 new balance schedules a day

Production responsible market players must update
and submit new production schedules equal to
expected operation of the power plants

All schedules, exchange, power plant production
schedules, consumption forecasts and wind
forecasts are 5 min. resolute power schedules

The balance schedule is used to trade the
imbalance in the common Nordic regulating power
market (manual reserve).




BALANCE MANAGEMENT — THE PUZZLE
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Forecast
e Wind power

e Load

e Local CHP (ENDK BR)

PBR production $=
schedules

e Planned production

e Technical min. and
max.

Interconnector
schedules

e German
e Sweden
e Norway
e DK1-DK2

SCADA online
measurements

e Production
e Exchange
° \\Load"

ENERGINETS/ DK

00000

00000

00000

7777777

000000

000000

00000

eeeeeeeeeeeeeeeeee

ENERGINET

nnnnnnnn

MW balance

ol NOIS

Regulation bidsJ

Common Nordic
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BR regulation bids
e Price
e Volume
e Ramp etc.

order list

regulation bid merit
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Balance ENERGINET
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COMMON NORDIC BID LIST.

ENERGINET
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Transmission to neighboring countries and offshore wind farms

Norge ~ Existing interconnectors

Decided Interconnectors

Skagerrak
A Synchronous compensator
1,2,3084

1.700 MW O New wind farms

Konti-Skan
1&2

720 MW

Aggersund

Ll Torup Anholt /i\

| [ ~

400 kv

Horns Rev 3 /ﬁ\ ’ 1.300 MW
/f\\ Vejle Ada

I Storebeelt
600 MW A .
Lillebzelt
Bioas A

Horns Rev 1+2

Viking Link
1400 MW

Sverige

600 MW

DE-DK1 Kriegers Flak

COBRAcable
700 MW

2000 MW /i\
Kontek
W >

600 M
Redsand ‘1\

Tyskland
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THE ENERGY SYSTEM OF THE FUTURE



Power (GW)

Invest cost, energy part (Euro/kWh)

ENLERGINET

BALANCING THE DANISH POWER SYSTEM

N Residual: Wind/solar minus basis consumption (case 2032;-30 : Potential PtX-"clusters”
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Further information at: http://www.energinet.dk/Sys35
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