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from 2022 to
2050

1-4 ~160 km
2-4 ~100 km
2-A ~60 km

2-5 ~100 km
6-9 ~100 km
4-6 ~250 km
7-9 ~250 km
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Transmission system operator are responsible for the security of supply
In a certain geographical area (in AC systems mostly a country)

Operation
* Monitoring and Control of actual grid states (Voltage, Power, Topology, etc.)
« Ensuring security level (e.g. N-1)
« Congestion management
» Loss optimization
e Contingency registration and clearance
« Grid restoration

* Etc.
System balancing Development, Maintenance and Protection
« Schedule verification « Planning
* Reserve management « Coordinating
« Wind forecast e Supervising
* Etc.
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« AC systems

Generation = Load

Imbalance is buffered by the
energy stored in the rotating
mass, thus change in frequency
= power imbalance

e Three step reserve

Frequency Containment
Reserve (FCR) or Primary
Reserve

Frequency Restoration Reserve
(FRR) or Secondary Reserve

Replacement Reserve (RR) or
Tertiary Reserve

DC systems

In-feed = withdraw

Imbalance is buffered by
the energy stored in the
capacitance, thus change in
voltage = power imbalance

Multi step reserve ?




DC Secondary Control N

Secondary Reserve




System balancing i

AC1 DC AC2

First reserve step guarantee the stability of the whole power system
after a major disturbance




System balancing i

AC1 DC AC2 ACT DC AC2

Second reserve step brings the system back to the scheduled
power exchanges




System balancing

Thus, a three step reserve for DC power systems is beneficial

DC Voltage Droop Control

DC Voltage Containment Reserve (DCVCR)
or Primary Reserve (automatic activation)
Decentralised P-controller

DC Power-Voltage control

DC Voltage Restoration Reserve (DCVRR)
or DC Secondary Reserve (automatic activation)
Centralised PI-controller

Manual set-point change

DC Replacement Reserve (DCRR)
or DC Tertiary Reserve (manual activation)
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e Secondary Control

— Central Control, Power Sum + Energy Deviation

e Loss Optimisation
 Defined Power Change speed (Ramps)
« Defined Power exchange between control areas

G=A X.kSystem-I-Z‘; PiSet_Z PiMeas

i=1
with X =Energy balance indicator
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Secondary Reserve




System balancing 16
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First reserve step guarantee the stability of the whole power system
after a major disturbance
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System balancing
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MW
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Second reserve step brings the system back to the scheduled

power exchanges m
E—— B




System balancing
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Second reserve step brings the system back to the scheduled

power exchanges m
E—— B
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Second reserve step brings the system back to the scheduled
power exchanges
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DC Secondary "

H
Energy equations

dv(t)

Pl)ey=il 0= 20 v(0) | Pleh=M (e ol)={- 22 oo
with E:ii P(t)dt
=>tfP(t)c:apdt=T(C-d‘;<tt) v(t)dt :}P(t)tht:tf J-d(zt(t) o (t)dt

P=const.

1 1
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Payt=C-5-(v(tf~v(0)) X
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Buffer energy related to 1 respectively H
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DC Secondary Control

Total energy in rotating mass compared with energy in capacitors

w,=2-71-50Hz P ,=800MW S =800MVA vV, =+320kV
H=10 MWs Accepted variations normal operation
B M VA One AC/DC Converter === Two AC/DC Converter AC power plant T= GOmS
50
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Cumulated available Energy to reach frequency or Voltage E in MWs
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DC Secondary Control

Used energy from rotating mass after a disturbance compared with
total energy in capacitors

wy=2-m-50Hz P,=800MW S .=800MVA vV, =+320kV
H=10 MWs Accepted variations normal operation
- MV A One AC/DC Converter === Two AC/DC Converter === AC power plant T= GOmS
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Cumulated available Energy to reach frequency or Voltage E in MWs
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DC Secondary Control

Energy used as buffer while normal operation in rotating mass
compared with capacitors

wy=2-7-50Hz P,=800MW S ,=800MVA V ,=+320kV
H=10 MWs Accepted variations normal operation
- MV A One AC/DC Converter === Two AC/DC Converter === AC power plant T= GOmS
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Example System
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Simulation Results
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Simulation Results
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Conclusion i

« Conclusion

If DC power systems will arise by connecting point to point
connections, they have to be operated similar to AC power systems

Problems with the area control error if several AC systems are
connected

A DC secondary reserve similar to AC secondary reserve will be
possible if the DC voltage band is accepted to be £5% to £10%

Then, is the available buffer energy for two converter stations similar to
the buffer energy in the rotating mass of a power plant with the same
rated power
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Thank you for your Attention!




DC Secondary Contrc .

« Size of the DC power system to use AC power system pre
gualification for secondary reserve providing power plants

_ ; é MULTI-TERMINAL DC GRID FOR OFFSHORE WIND/f

Ireland peak load around 5 GW with 2.5 GW installed wind
generation

UK peak load around 57 GW with 10 GW installed wind
generation

If DC power systems arise, the behaviour without crucial
disturbances will be similar to Ireland and UK transmission
systems if the accepted DC voltage band is in the range of 5%
to £10%

With an increase of the system, the dynamic of voltage change
will decrease as the total capacitance will increase

If the voltage band is not expectable, the DC system could use
the AC system as a buffer, this could be a new ancillary service
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