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Introduction

Infroduction

+ The integration of DRESs in the electric power system has two main issues that are currently
studied:

+ The architecture of the electric power system is being altered moving towards a distributed
architecture in which generation units can be placed close to loads.

. Losses reduction.

. Associated network stability problemes.

*  Most of the DRESs are interconnected to the grid through power converters.

New control strategies to provide ancillary services such as inertial response or PFR.
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Inertial response

The inertial response of the DRESs is given by the energy stored in UCs.

The power provided by the UC is first converted to a different DC level by using a DC/DC
converter and, after that, it is converted to AC form through the DC/AC converter of the
DRES.

Primary
«  How can a DRES be assigned an equivalent source
inertia value?
DC/De T Py DC/AC
*  What factors of the structure of the DRES as welll Pyek S Fiossea
as of the topology of the ADN must be V > G P,
considered? T ,-|-\ 4 ~»—<—>—|
« How can we provide a specific inertia at the !
ADN point of inferconnection by coordinating DC/DC -+ — DC/AC

several DRESs?2 DC bus
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TSO Actions
_______________ .
I I
o : [ Stat |
Proposed SOlUTlon : N | Actions of DSO #1 Actions of DSO #L
l i s = — - 1 T == —— 1
) ) | v i | [ |
+ The proposed solutionis based on ;- (= Al | | emTTT T i l
. ) . ; ! T R |
the continuous interaction R ‘ L ~~a o ~~ |
between TSO and DSOs. i : Definition of ROCOF,y,, ,”: } Estimate H,;" for ADN #1. : : Estimate Hg;" for ADN #L. :
b | } Evaluate the cost of the AS : : Evaluate the cost of the AS :
. ! \ e b= I
.. . Vo T =
- The problem can be divided into | | P by o :
; == [ [ !
H . v
TWO main phOseS E : Contingency analysis i } : : :
» : I i s T T T T “i~-i i
+  Evaluation of the inertial b i it LT~ !
- . v - . - :
capability of the ADN. P | He at‘ch Of"faCIC‘lADN /|| Dispatch DRESsof ADN#1| | | Dispatch DRESs of ADN #L |
Vol (l; rgtoim[;nnfn) | } to acquire H>0 : : to acquire H/5° :
P = b Lo |
«  Determination of DRESs inertia to i A SR A S
| ! d _1”
provide a specific inertia at the ! IL . : o T
. . . N -l - -
point of interconnection with the | !
. . | 1
transmission system. | gYes :
|
I |
| |
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Operational constraints

*  Malfunctioning of protection means:

«  Voltage limits. e AT e k f
max Pe(pu) = ———+ P> (pw)
«  Line Congestions. 1 Zi 5| < I n |
[ \
+ Ultracapacitor limitations: Pyci < PIE%
+  Maximum output power. P u) = 20 df 1
e klpu) = 2Hk g 7 3600 B2, SoCrc. k
+  Maximum energy available. Pyo g < ﬁ[
k
- Power converter limitations: [_Example |
. . EMax — 3 Wh Available energy:
*«  Maximum temperature of operation. UC,k 3600 s
SoCyck =30%  E ., =24Wh = 8640 Ws
Tigoe <T™™, Ty <T™™ vek = = 1h

Pici =2 kW H,=6s - Pmax = 1 44 kW
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Stage 1: Evaluation of the maximum inertial capability

+ Given the maximum ROCOF that the DRESs shall at least be capable of withstanding by
the TSO, the DSOs must compute the maximum value of the equivalent inertia that can
provide at the point of interconnection with the transmission system.

Hma;c — & Pnga:r: (p'u) _ POss(pu)
a9 2 ROCOFmax

Thus, the problem is reduced to find the maximum active power injection at the point of
interconnection: pikmax

Network constraints. 11020 kV

25MVA NI

Power converter limitations.

Ultracapacitor characteristics.
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Stage 1. Evaluation of the maximum inertial capability

SS —_
Start PO - Pg's + Pgl6 + PgP9 + Pg;lo PlOSS -
+ P§® = 1.045 kW — P,,sc = 1.037,33 kW
0 0SS 110720 kV
Initialization N 25 MVA
Step 1 Derivation of ADN model ;_
* N3 |
Step 2 Compute F)” via apower N4
flow analysis -
v
: R max
Step 3 Estlmte F by
solving an OPF
! = N10 N$
v hIUE.
max % No N7
Step 4 Compute g I'_® - %
' | N6
¥
Step 5 F d ™ to TSO
ep orwar b,rag 0 Reference Bus  Sux  Pex  PUix EUCk
; kVA kW kw kWh
End G5 5 100 10 60 0.1
G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Stage 1. Evaluation of the maximum inertial capability

SS —_
Start PO - Pg's + Pgl6 + PgP9 + Pg;lo PlOSS -
+ P§® = 1.045 kW — Py,es = 1.037,33 kW
0SS 110120 kV
Initialization N 25 MVA
Step 1 Derivation of ADN model ;_
: DRES G5/ G6 G9 N\ G10 . N
AJ Pucs 60.00 K 40.18 221.01 ) 330.00 |
Compute P via a power N4
Step 2 .
flow analysis / .
'I’ DRES G5 G6 G9 G10
Step 3 Estiiﬂ?‘e ™ by / Timr 49.22 161.20 151.20 134.69
solving an OPF TR 74.66 174.77 174.77 166.87 - @ "
i NI10
' y ®
N9
Step 4 Compute Hpg IRmax _ psSs _ pUcC I._® AT
- PO - PO + PUC,k Ploss
v = | N6
IRmax __
Step 5 Forward Hp™ to TSO po - 1676;20 kw max max
Reference Bus S, Per POtk Ejcx
H kVA kW kw kWh
G5 5 100 10 60 0.1
End
G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Stage 1: Evaluation of the maximum inertial capability

SS _ _
Start Py” = Pys + Py + Pgo + Pga0 — Pross -
i PSS = 1.045 kW — Py = 1.037,33 kW
110120 kV
Initialization N 25 MVA
Step 1 Denvation of ADN model ;_
, DRES G5/ Gb GO N\ G10 . —
AJ Pucr 60.00 K 40.18 221.01 ) 330.00 |
Compute P via a power N4
Step 2 . v
flow analysis / i
v DRES G5 G6 G9 G10
Step 3 Estiiﬂ?‘e R by / Timr 49.22 151.20 151.20 134.69
solving an OPF TR 74.66 174.77 174.77 166.87 - @ Ng
! N10
' y ®
N9
Step 4 Compute Hp™ IRmax _ pSsS __ pUcC |__® NI
* PO - PO + PUC,k Ploss
I = | N6
IRmax
. P = 1.676,20 kW
Step Forward fz™ to TSO 0 ! Reference Bus  S.«  Pex P, ENY,
! KVA kW kW kWh
v I Rmax ss
End fmar _ fn Fy (pu) — Py (pu) G5 5 100 10 60 0.1
ag T ? ROCOF max G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55




C EASY-RES // The EASY-RES approach for aggregation and disaggregation of Inertia and PFR

Stage 1. Evaluation of the maximum inertial capability

= £

v 407 ,é’ 110120 kV
Initialization N 25 MVA
Step 1 Derivation of ADN model 351 ;_
¥ 30 %
Step 2 Compute P via a power mak N4 |
P flow analysis 325' ag =491s .
1 jan} ——
v 201 ——
Sten 3 Estimate PX™ by ROCOFTSO = 2,5 HZ/S
P solving an OPF @
NS N8
‘ % NIo
Step 4 Compute Hpg™ N9|__® o
i 30 25 20 15 -0 05 | N6 1
ROCOF (Hz/s)
max
Step 5 Forward Hp*to TSO Reference o 5 " T Y
v PIRma:c pss kVA kW kw kWh
End gmer _ f_n 0 (pu) — I (pﬂ) G5 5 100 10 60 0.1
ag - 92 RO COFmam G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia

The DSO must determine the inertia constants for all the DRESs within the ICA in order to

provide a specific, TSO-defined, inerfia constant at the point of interconnection with the
transmission system.

PR (pu) = 2H}§°fiRoc0Fm + P (pu)

Thus, the problem is reduced to optimally find the power provided by the UCs of each
DRES to meet PIR at the point of interconnection.

. Network constraints. N? N? N?
11020 kV

. Power converter limitations.

« Ultracapacitor characteristics. ‘
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Stage 2: Optimal allocation of inerfia

« There are multiple combinations to provide PR at the point of interconnection with the
transmission system.

+  Minimize the cost of providing the ancillary service

lines DC/DC DC/AC
C= Closses + Closses + Closses

110/20 kV

«  Exira power losses in the lines. N
<
PIR -l
« Powerlossesin the DC/DC converter. 0 NO NIIO NI
Not used when service is not provided. 1 ‘1 | I‘l

«  Extra powerlosses in the AC/DC converter.

. Power converters that operate closer to their rated power experience
greater losses than those that operate further from that point.
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Stage 2: Optimal allocation of inerfia
PR (pu) = 2HTSOLROCOFW + P (pu) -

v % fa
.. llm[]()n ’é 1]0/20ka
Step 1 Initia | Hgl"go — 4,5 STROCOFTSO — _2,5 HZ/S %_ 25 MVA
— / PIR = 577,33 kW =
Step 2 Determine P, 0 ) . |
; -

Specify weighting factors

Step 3 Then determme P; by - % TL@ N8

solving an OPF

N9 NI
] -®
L | xs
Step 4 Compute Hj
i Reference Bus S, Per POtk EDE s
v kKVA kW kW kWh
Step 5 Send dispatch signals G5 5 100 10 60 0.1
: G6 6 100 90 60 0.1
G8 9 550 495 330 0.55

End G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia
PR (pu) = 2HTSOLROCOFW + P (pu) -

v ag 1.
St 1 Int 1 t ,é’ 110120 kV
€ itialization v
P : Hig® =45 s7-ROCOFrso = —2,5 Hz/s o
‘I’ IR N3 —_—
Step2 | Determine p* Py" = 577,33 kW y |
‘ .
* lines DC/DC DC/AC

C=C +G +C
Spccify weighting factors / losses losses losses

Step 3 Then determme P; by & % N10 @ N8

solving an OPF

N9 NI
] -®
L | xs
Step 4 Compute Hj
i Reference Bus S, Per POtk EDE s
v kKVA kW kW kWh
Step 5 Send dispatch signals G5 5 100 10 60 0.1
: G6 6 100 90 60 0.1
G8 9 550 495 330 0.55

End G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia
PR (pu) = 2HTSOLROCOFW + P (pu) -

v ag 1.
St 1 Int 1 t ,é’ 110120 kV
€ itialization v
P : Hig® =45 s7-ROCOFrso = —2,5 Hz/s o
‘I’ IR N3 —_—
Step2 | Determine p* Py" = 577,33 kW y |
‘ .
* lines DC/DC DC/AC

C=C +G +C
Spccify weighting factors / losses losses losses

Step 3 Then determme P; by - % TL@ N8

solving an OPF

N9| ® N
i
Y 11, _ FoPE (pi) — P (pu) I NS
Step 4 Compute Hj EE— k= 2 x ROCOF,,
i Reference Bus  S,x  Pex  PUCx EUex
v kVA kW kw kWh
Step 5 Send dispatch signals G5 5 100 10 60 0.1
: G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

End G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia
PR (pu) = 2HTSOLROCOFW + P (pu) -

a;
H ® Ja
Step 1 Initialization TSO ’é’ 25V
: Hag = 4,5 STROCOFTSO = —2,5 HZ/S N
| N2t
g IR = 577,33 kW B
Step 2 Determine p* P 0o — ’ . |
‘:' NO
C= Clincs + CDC.’DC + CDC!AC
Spccify weighting factors / losses losses losses
Step 3 Then determme P; by = T&@ N8
solving an OPF % o wl
i &
y 4 _ S PR (i) = P () | b
Step 4 Compute Hy —_—> k= 2 x ROCOF,,
i Reference Bus S, Per POtk EUck
' . . L KVA kW kW kWh
- T - DRESs determine their power injections as G5 3 10010 50 01
Step 5§ Send dispatch signals ————» :
: P, (pu) = 2H"ROCOF + P (pu) G6 6 100 90 60 0.1
KPW) = meas <+ £k (P G9 9 550 495 330 055

End G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia

. . )é’ 110120 kV
Objective DRES G5 G6 G9 G10 Pyc N1 25 MVA
N2|
N3
Power
Pyck 59,88 kW 40,01 kW 220,67 kW 275,33 kW 595,89 kW |
losses ’ N4
—1
N
Hy 5,99 s 4,00 s 4,01s 5,01s
Converter N5
P kw 77 kW 210,15 kW 287,55 kW kW T L@ N
losses UCk 59,56 38, 0,15 87,55 596,03 %
N9| ® N
Hy 5,96 s 3,88 s 3,82s 522s | N6 i
Reference Bus S, Per POtk EUcx
kVA kW kw kWh

G5 5 100 10 60 0.1
G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia

. . )é’ 110120 kV
Objective DRES G5 G6 G9 G10 Pyc N1 25 MVA
N2|
N3
Power
Pyck 59,88 kW 40,01 kW 220,67 kW 275,33 kW 595,89 kW |
losses ’ N4
—1
N
Hy 5,99 s 4,00 s 4,01s 5,01s
Converter N5
P kw 77 kW 210,15 kW 287,55 kW T L@ N
losses UCk 59,56 38, 0,15 87,55 %
N9| ® N
Hy 5,96 s 3,88 s 3,82s 522s | N6 i
Reference Bus Sk P, PUE EUcx
kVA kW kw kWh

G5 5 100 10 60 0.1
G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Stage 2: Optimal allocation of inerfia

. . )é’ 110120 kV
Objective DRES G5 G6 G9 G10 Pyc N1 25 MVA
N2 |
N3
Power
Pyck 59,88 kW 40,01 kW 220,67 kW 275,33 kW 595,89 kW |
losses ’ N4
—1
N
5,99 s 4,00 s 4,01s 5,01s
Converter 59,56 kW (38,77 kW 287,55 kW 596,03 kW S % &@ N
losses
N9| ® N
5,96 s 3,88s 3,82s 522s | N6 i
Reference Bus S, Per POtk EUcx
kKVA kW kW kWh
G5 5 100 10 60 0.1
G6 6 100 90 60 0.1
G9 9 550 495 330 0.55

G10 10 550 450 330 0.55
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Inertial response

Some simulation results

» Evaluation of the maximum inertial capability

0 5 10 15 20
time (h)

There is a bottleneck around f
12 o'clock due to network ~ ———»
restrictions 6

Ampacity of the power line

g W at the header of the ADN

é‘ 11020 kV
Y 25 MVA
Pl

-3.0 Hz/s
-2.5Hz/s
-2.0 Hz/s
-1.5 Hz/s
-1.0 HZ/s
-0.5 Hz/s

s

;

time (h)

Nl10

®
®

@
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Inertial response

Some simulation results

«  Optimal allocation of inertia -
': The wind turbine does not ,é' Hoa0ky
participate in the provision of NI
s \[\’J " inerfia during the bottleneck N =
2 —
— GP3 N4 | é
! —
6

H(s)

0 5 10 15 20
N1l
¢ é
’ ’ @ C%P
-3.0 Hz/s
— — N§

. GWT7 16 2.5 Hals Nl10

0 5 10 15 20

L.
2.0 Hz/s
-1.5 Ha/s N7

time (h) MiT— N9|_® N7 |
— -1.0 H:
12 |- -0.2 HZ; _4 Na_L.
<10 \V T ,
There is a bottleneck around = \/
12 o'clock due to network —» °
restrictions 6

SV NS

0 5 10 15 20
time (h)
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Discussion and conclusions

Two methodologies have been presented in order to evaluate and provide inertia from
AND to the fransmission system.

+ The first one aims to determine the maximum aggregated inertial capability of ADNs.

+ The second one aims to optimally dispatch DRESs in order to provide specific, TSO-defined inertial
response with the minimum cost .

Both methodologies are developed based on OPF formulations and take into account all
technical and operational limitations of ADNSs.

Future work lines will consider cost functions to allocate inertia within the ICA derived from
business models of providing these kind of ancillary services.
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Primary frequency response

In the framework of the EASY-RES project, the primary frequency response is given by
deloading the DRESs, i.e., operating with a headroom under their maximum available

power.

DRESs are controlled with P(f) droop curves to adjust their active power injections based

on frequency signals. TN
s

. How can all the DRESs within the ADN be coordinated to

provide a specific P(f) droop at the point of interconnection e (Mj
with the transmission system?
Ja - (AF72)
+ Can the ancillary service be provided by only some of the .
DRESs? v
Under frequency mode Over frequency mode
— = foa fun = = A Deadband
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Primary frequency response

. [ Start
Proposed solution
L . t=1t+At }+ ----------------------------------------------- |
+ The proposed solution is based on the continuous : ;
. . TSO Actions : _______ 1 DSO Actions _ :
interaction between TSO and DSOs. | ; P .
| A 4 | 1
| | | I
. . .. . | Definition of f,.;,, | _1 ! | Evaluation of PFR Lo
The. problem, again, can be divided into two | Fow Af e e — |
main phases: | | | |
. . - | e [ o
Evaluation of PFR capability range. | Definition of 2() | i i
: droop curves of : | |
+  Determination of DRESs P(f) droop to provide a | individual ADNS, o |
| . | I
specific P(f) droop at the point of interconnection | based on contingency | | | o
i R [ analysis market . Dispatch of DERS t Lo
with the tfransmission system. : mechanisms Lo 1Spateh 0 s 10 P
i o L acquire the [
| o TSO-defined o
: o P(f) droop curve : E
: : ! ' o
________________ I_________:________J :
- ~ Yes No |
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Stage 1: Evaluation of the PFR capability

+ DSOs should evaluate the range of the aggregated response of all the DRESs within the
ADN, i.e., equivalent P(f) droop curves that can be provided at the point of
interconnection with the transmission system.

+ The maximum and minimum active power that the ADN can deliver at the point of
interconnection is computed for several grid frequencies. f(Hz)A

_flmn

Reactance: X; = 2mfL
Jo T (A72)

. Consideration of network constraints. o
Ja- (AF2)

+ Itis assumed that the AC/DC power converter of the

DRES has been properly sized to handle the possible /,},,-,,i o
power coming from the primary source

TSO-Defined Droop

P(;nm P(’)"“" Potential range
g

SEN S ,/;Il:[\‘ f;-nm A, Deadband



Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Stage 1: Evaluation of the P

.
v
| Initialization |

J= fmin v
Build network model
v
Estimate P by solving
an OPF problem
¥
Estimate Pj"" by solving
an OPF problem
v

Store P, P f
and set

f=rrdf

Forward P —f droop
range to TSO

End
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A:1,694 MW,52 Hz
B:14,398 MW,52 Hz

Bus N1 N3

N4

FR capabillity

N5

NI11

J(Hz)
A
./lvmn‘ —
ot (AF2)
T
Jo- (Bf72)
f;nin
v

C:14,400 MW,46 Hz
D:1,694 MW ,46 Hz

PF | 300kW 200kW 150kW 200kW 350kW 250kW 275kW 100 kW

N3[ N4[ N5
110/20 kV |
25MVA NI N2 'l 1
o ¢
-1 N9
Ref. ‘ GWTI GWT3 GWT4 GWTS
Bus N2 N3 N4 N5
Pr,k §MW 4MW 3MW 2MW 1 -l

P
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Stage 2: Optimal PFR distribution

TSO determines, based on contingency analysis and market mechanisms, the P(f) droop
curve that the ADN shall provide at the point of interconnection with the tfransmission

system.

DSOs must coordinate the PFR droop curves of all the DRESs within the ICA (taking into

account the topology of the network) in order to provide the specific P(f) droop at the
point of interconnection.

4 P

\

Ppres =V - Ipgrgs

Po = PDRES R'II%RES

N i

{ DRES I

t P

v
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Stage 2: Optimal PFR distribution

» Power injections of each DRES, P, are computed using OPF calculations for different grid
frequencies to ensure that in each frequency the aggregated conftribution of all DRESs
provides the TSO-defined P(f) droop curve.

* Inthe simplest case, P, should be determined at least for fiin. fn ANA finax-

+  The optimizer aims to minimize power losses in the lines and headroom power

d d line __ _ line (T, N2
Ct= > wi(Puppi—Fr) Cline = wiine Y Rig(Zi))
keD;,ieV (t.J)EE
mein ﬁ‘ P Frmin A P
110/20 kV
25MVA NI
+ fn fmax o N& N7 . fn fmax .
P > 5 >
fmin fn fmin fn
-l N9 NIO NIl]
meax N 1 1 I I] meax
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Primary frequency response

Stage 2: Optimal allocation of inerfia

Start

: = Z wi(Pyppi — Pr) P, AP
o keD; icV 3
Initialization / cli i
Step 1 Specify weighting factors ig?;: wl?;g: Z R ,J
(i.5)e€
T m=1_ 4 T
| I
| Build network model |<-1-:
' : i Py
1 [ max
Step 2 : i ‘ E .
|| Determine individual Py | ||
: by solving an OPF : E £ 13000 T o T d 3.0
[ —— P ¥ * 12000 Desired P(f) droop | 25
No | £ 11000 — m=3 205
Step3 S mzm _>oooooo ' < 48 =
5 100001 — mM=3 155
. ES —_—t L
ey 2 9000 m ; 1.0
Send dispatch signals - m=
Step 4 to DRESs 80001 —— ;=11 F0.5
; 7000 - 0.0
- 46 47 48 49 50 51 52
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Primary frequency response

Stage 2: Optimal allocation of inerfia
Cl= 3" wi(Puppi— D)

- keD; eV

h
Initialization / eme line
- = Wiggs: E: R‘J ﬁ’J

Step 1 Specify weighting factors ioqe
(2,7)EE

|
|
|
|
Step 2 | 1
|
|
|
|

A 4
Determine individual P, | |15
by solving an OPF E]
Ll ———_— -2 . [

Send dispatch signals
to DRESs

End
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Primary frequency response

Stage 2: Optimal allocation of inerfia
Cl = Z wi(Pyrppr — Pr) P, AP

v keD;,ieV

Initialization / hne line
oht = Wiggs: E: RZJ 13

Step 1 Specify weighting factors ioqe

3
[
w

fn

(2,7)EE ® Jmax >

i fmin

fmax

Determine individual Py

|
|
|
|
Step 2 | 1
|
|
: by solving an OPF

T+ u
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Primary frequency response

Stage 2: Optimal allocation of inerfia

Start
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Initialization / cli i
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Stage 2: Optimal allocation of inerfia

« S1: All WTs participate in PFR.

+ $2: WT4 does not participate in PFR

Bus ‘ N1 N3 N4 N5 N9 N6 N8 NI11

Z NS

Scenario | f (Hz) /Pline\ P, Pdz, Py, PEs
46 154.06 0 1.533 2.057 1.257

S1 50 79.29 0.569 2.036 2.56 1.756
52 38.91 1.502 1.033 0.304 0.203

46 180.89 0.473 2.759 0 1.588

52 50 115.84 1.484 3.600 0 1.800

52 101.81 3.499 3.600 0 1.800

Pt ‘ 300 kW 200kW 150kW 200kW 350kW 250kW 275kW 100 kW

(XX}
|

*Pfg:}f’ are given in kW.
xx P ie., power that de-loaded, is given in MW.

110120 kV |
25 MVA 1\|11 N2 -1 I-l
g T 1 N
-1 N9 N10 NI11
Ref. | GWTI GWT3 GWT4 GWTS I
Bus N2 N3 N4 N5 |
P SMW 4MW 3MW 2MW 1 -l Il
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Some simulation results

+ Evaluation of the maximum PFR capability b [N o e s W Ne N N
us

PiL ‘ 300 kW 200kW 150kW 200kW 350kW 250kW 275kW 100 kW

’g N3 ‘ N4 ‘ N5 ‘ N6
= . _— 110/20 kV |
xnd Turblne 23S MVA NI ND _1 _1 I_l
— unit
---- Load I
: |1 | N8 N7
-l N9 N10 N11
s Ref. \ GWTI GWT3 GWT4 GWTS I I
= Bus N2 N3 N4 N3 |
g P SMW 4MW 3MW 2MW 1 -l Il
o]
[=%

Power injection is limited by the maximum
Time (h) current admissible at the header
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Primary frequency response

Some simulation results

* Evaluation of the maximum PFR capability

Bus ‘ N1 N3 N4 N5 N9 N6 N8 NI11
PiL | 300 kW 200kW 150kW 200kW 350kW 250kW 275kW 100 kW

E N3| N4 NS! N6
5 110120 kV |
Z 25 MVA Nl N2 '1 1 I'l
[~
HHROS T N
Time (h) -l
> Ppcc (t)) N9 N10 N11
_— Ref. | GWTI GWT3 GWT4 GWTS I I

< pec (1) Bus N2 N3 N4 N5 |
I: 501 — Ppcc(ty) P §MW  4MW 3MW 2MW 1 1 Il
§ === Powrs(t)
?-; 484 Pawrs (t2)
= === Pgwrs (t3)

0 N N

0 8 10 12 14

Power (MW)
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Discussion and conclusions

Two methodologies have been presented aiming to facilitate the provision of PFR from
AND to the fransmission system.

+ The first methodology targets to quantify the PFR capability range of the AND.

+ The second one is used to optimally dispatch DERs of the ADN in order to ensure specific frequency
regulation characteristics at the point of interconnection.

Both methodologies are developed based on OPF formulations and take into account all
technical and operational limitations of ADNSs.

Future work lines will consider cost functions to allocate PFR within the ICA derived from
business models of providing these kind of ancillary services.
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Publications

+ The work presented in these slides summarizes the results of two publications:

« Rodriguez del Nozal, A., Kontis, E. O., Mauricio, J. M., & Demoulias, C. S. (2020). Provision of inertial
response as ancillary service from active distribution networks to the transmission system. IET
Generation, Transmission & Distribution, 14(22), 5123-5134.

«  Kontis, E. O., Rodriguez del Nozal, A. , Mauricio, J. M., & Demoulias, C. S. (2021). Provision of Primary
Frequency Response as Ancillary Service from Active Distribution Networks to the Transmission
System. IEEE Transactions on Smart Grid.

*  More information is accessible in Deliverable 2.4 of the EASY-RES project:

+ Rodriguez del Nozal, A., Kontis, E. O., Mauricio, J. M., & Demoulias, C. S. 1st release of Software and its
documentation implementing the optimization algorithm for ICA. Deliverable D2,4 of EU H2020
project EASY-RES — Enable Ancillary Services by Renewable Energy Sources, 2020.
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ltem 4: The EASY-RES Consortium
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Thank you!

Alvaro Rodriguez del Nozal

Affiliation: EASY-RES

Phone: +39

E-Mail: arnozal@us.es

EASY-RES website: http://www.easyres-project.eu/

This presentation reflects only the author's view. The Innovation and Networks Executive Agency (INEA) and the European

Commission are not responsible for any use that may be made of the information it contains.
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