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CHARACTERIZATION OF ANCILLARY W
|

SERVICES

> Autonomous functions
> Static voltage support
> Dynamic voltage support

> Frequency support in case of
over frequency

> Spinning reserve (possible with
batteries)

> Primary reserve

> Coordinated functions:
> Sec. reserve
> Reactive power management

> Black start

Black start
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Established functions for grid Future functions for grid
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REACTIVE POWER
MANAGEMENT (WITHOUT AND
WITH VRE)

Motivation

> Transmission and distribution grids NEED
REACTIVE POWER to fulfil their tasks even
with light load

> Reactive power demand of the grid VARIES
WITH LOADS. Reactive power flow may

change its direction ' Light load
= £ without
decentralized
Status Quo

eneration., . .
Pegmm oo o ue o s A s
> POWER STATIONS cover the reactive power
in both directions

> VRE sources NEED LAGGING REACTIVE
POWER for local voltage support in the
distribution grid

Challenge for the future

> Nearly the entire reactive power has to be
COVERED FROM VRE.

generation

> VRE sources connected on HV-grid or/ and a ’Aﬂ‘\f;:;ﬁ;@:;_,ﬁa Ntz T bois L s T Garatungen ines tanges
large number of COORDINATED VRE _ _ _
> Heubkts dlistibatedanpiconusi maked reactive power generation is necessary
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VOLTAGE SUPPORT CAPABILITY DEPENDS ON W
AC-VOLTAGE AND SIZING OF THE EQUIPMENT —

ie « Utility define a reactive power capability
{-0.3, 1.0, 0,95) [33.:"" V]
% e This may imply the need to oversize the
e o T (05,10,095) inverters.
| *
TR o |
| LN 05 10 105) » Every operation point has to be considered
|

(0.33,0.5, 0.95) o] |

e Third dimension is the present AC voltage

{<0.33,0.5, 1.05) i | (0.33,05 095)

|
N\ Lt
I >/M?““‘-h1 05505 106 « Here: Every reactive power set point in the
wsuoe—ENl 1 white three dimensional area should be
-/ feasible.

(-0.5, 0.0, 1.05)

=5 (0.5, 0.0,095)

* Due to voltage drops at transformers and lines,
the voltage variation at inverter terminals is
higher the voltage variation at grid connection

Vi point

Figura 9: Diagrama V-P-Q/Pmay de una Central Eléctrica asincrona.

(0.5, 0.0, 1.05)

i
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VECTOR DIAGRAM W
|

Vgrid resistor (inside the PV-plant) f\
4
1 1 1
Vgrid Vgrid Vgrid
Iinverter
A =1 (unity power factor) A =0,9 (lagging) A =0,9 (leading)

=medium AC voltage required =high AC voltage possible| =low AC voltage required

= Required Inverter voltage depends a lot on reactive power needs
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VOLTAGE SUPPORT WITH REACTIVE POWER
INJECTION —

Invartsr Salactinn

Inuerker:| SCEOOCF-U5 Hominal lnwerker Oukpuk [EWAT ] 200,00
Inuwerker Quankiky:| 27T Maximum lnwerker Qukpuk [RWA] | 250,00
Inwerker Qukpuk ak Deriqn Max. Temp. (EWAT:| 232,00
Flant Auxiliary Equipmant Salactinn
Capazitar Eank [(MYAr]: 000
Okher Capazikive Compernration (MYAr]: 0.00] Only afFezkr uhile inje zting MYAr
Okher Industive Comperration (MY 0.00] Only affFezkr uhile abrorking MY Ar
DETATCOM (MYAr) 0,00
TokalHominal Inuerker Qukpuk [FYA] | 29,60 L
ToralMazimum Invereer Quepue (FYAT:| 2256 -l o
Torallnwerker Dukpuk ak Deriqn Max, Temp, (MVAT | 30,73 [ Ll o

Injezkion af MIVWAr Fequired ac FOL: | 9.07
fAkrorption of FMIYar Fequired at FOL:| =907

znoo

1200

ooo

8

Reaclee Fower Do [aear]
[=]

Acdwe Powsr S (pu)
— Pequinza Fraaucdan Canpaolkyin FE

Cakwarga Fragucdan Capaolieyg
————— Paquirea Frogucdan Capaolkry In Sanrane L4ar

Expertise for reactive power capabitity at POl is necessary for every larger
plant
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FREQUENCY SUPPORT IN CASE OF UNDER

FREQUENCY

APR (Active Power Reserve) to be activated during under frequency:

A

e Two Different ways to comply with standards ( Main difference: Availability in case an under frequency

oGl 1)

99.9 % Availability

PV harvest is not reduced

Operates during all irradiation
conditions

Other grid management functions
(peak shaving, more sophisticated
frequency behavior, fast response)

V POWI
BATTERY STRING M wON

= 41

PV MODULES
N

§—

-

STORAGE

UTILITY
GRID

Curtailment

<98% Availability (poor behavior
during power gradients e.g. moving
clouds)

PV harvest is reduced due to
curtailment

Disposable until power drops until a
certain level, below this level it is not
possible to provide active power
reserve

Could be a proper alternative in grids
with a lot of single plants operating
with active power reserve (statistical
balancing)

= it - - -
—
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> The agreement with the Utility will determine which one should be used
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ACTIVE POWER RESERVE: PLANT OPERATES w
BELOW MPP AND INJECTS ADDITIONAL POWER Pl
IF NECESSARY

Controller algorithm

Irradiatio SMA
n sensors P Plant Calibration .ﬁ_
T J— | ower

Irradiatio
n sensors

Actual
values
g ..
=-l-’E‘.
PO

HV |
transformer
(optional)
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PROBABILISTIC FORECAST FOR A SINGLE

25 - 25 1
_ | .-'.l' — 20 | ',.I""i..‘
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eanwss Available power Forecast 95% Losses =8 Active power schedule
Forecast 99% Forecast 99.994% B Forecast 99.994% X Minute reserve
Probabilistic forecast for different Example power feed-in and minute
reliabilities in Germany reserve potential for the verification

method “fixed generation schedule” for

overall Germany
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LARGE-SCALE STORAGE INTEGRATION AS AN w
ALTERNATIVE FOR APR —

SUPPORTS THE GROWTH OF RENEWABLE ENERGIES

UTILITY
MV POWER STATION
BA'ITERY STRING GRID

T

A

PV MODULES

= |

» Frequency support can be implemented very easily while using a battery.
Support in both direction possible.

» In this application the storage system complement the PV power plant to fulfill
requirements that cannot naturally fulfilled with the renewable source alone

» Storage provides renewable energy with the same grid-stabilizing characteristics
of conventional power plants through the comprehensive provision of ancillary
services

—_—

|
T
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RAMP RATE CONTROL WITH BATTERY SUPPORT W

‘ulfiled by Storage System?

HP2 B PRI NN
iG ~equiti ements?!

» Ramp-Rate Control of PV Plants:
Batteries provide reserve power to “firm” the output of the PV system and er
stable power supply.
- Makes PV power “dispatchable”

» Frequency Control/Regulation:
Batteries provide/absorb power to support frequency in the grid

-> provides reserve power without running fossil generators

1 T ST = = e
T , - '!]l MWL
0.5 ‘
0}
0.5 ' . ' ' I ! ! ! !
2 25 3 3.5 4 4.5 5 5.5 6 6.5 7

1Day Profile for gradients of 1%Pn/min Requirements
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LARGE-SCALE STORAGE INTEGRATION
SUPPORTS THE GROWTH OF RENEWABLE
ENERGIES
e,

Ancillary Servich‘. ﬁ}' p '\w

+ Scheduling & Dispatch __| / .
Conventional Power + Reactive Power supply | e Weak grid

Plants -
z

\ Power Grid

i ‘:!‘-:: J V. .
e | or grid-connected)
E e All grid applications

Various Loads |

Renewable Power

* Optimized Operation of Genset

Plants . —_— Transmission  Distribution . Eﬁergy shiftirﬁg

‘:."l“}-- TR

\ W[ ~—— . _:l[ru Large
‘ N - = .
/I e . Commercial
ity rieaagte v ' Loads
o Ancillary Servi |
4 nciliary services _
—_— v

Renewable Integration » Frequency control P(f) -
+ Ramp-Rate Control \ |
* Frequency Control P(f) ﬁr [
» Peak shifting and shaving | [
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Dynamic voltage control during a voltage dip
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DYNAMIC VOLTAGE CONTROL MEANS THE
RESPONSE OF THE POWER PLANT DURING A
VOLTAGE DIP

e

v Voltage Ride Through (LVRT/HVRT) - Voltage ride through in the Sunny
Central is wider than the requirements. Behavior can be adjusted as per the local

requirements

Inverter Protection
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Figure 14: LVRT/HVRT capabilities
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BEHAVIOR DURING A THREE PHASE VOLTAGE
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SUMMARY w
|

Large PV-power plants can deliver all ancillary services to operate

the grids:

* \oltage support (with reactive power)

* Frequency support with active power reduction

* Frequency support with active power reserve and surplus power
during frequency dips

* Dynamic voltage support with FRT

Future services:

* Spinning reserve.

* Black start capability

=Both features can be achieved with batteries more favorable

Contact: andreas.falk@sma.de — Tel.: (0561) 9522-3313
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