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Aims and goals of WP5 > Smart

Realisation of three complementary pilots to
evaluate the performance of different TSO-DSO
interactions under different market structures.

Coordination with laboratory simulations to
bridge the gap between present real-world
implementation and the opportunities
envisaged for the future.

Identify & remove barriers to facilitate the way
to the pan-European market for ancillary
services.
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Centralised TSO control in high-DER area
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Italian NRA is opening the market to DG and DR

through aggregators and requiring the DSO to

improve observability for the TSO
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Pilot A: Centralised TSO control in high-DER area i SmartNeI:U
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Pilot A: Centralised TSO control in high-DER area i SmartNetO

Acquisition of
measurements
(active and
reactive power)
through PCRs

Estimation of
unmonitored plants
data through Sentinel
Measurements
(weather data,
neighboring plants,
historical profiles...)

Aggregation of active

and reactive power Data transmission to
data differentiated by TSO control room

energy source Fiery d's

Every 20 s

MVRS calculates the reactive power limits
(for both capacitive and inductive
operating conditions) considering the
plants capabilities and the grid constrains

Virtual
capability
computation

MVRS receives the voltage or reactive
power setpoint at the HV-MV interface
and split the request among MV
controllable resources

Voltage
regulation




[
Z
©
®
E
n

ised TSO control in high-DER area

: Central

Pilot A

Reactive setpoint

1,04

HV busbar voltage

=
© c
n O
o +
> 8

wv
=
O o
MS
= T
%a

£
9
2 a

Q or % Vv

Q setpoint

[nd]A
8 &8 & & 8
- = = =< ©o o
o >
g2
£ &
EE
“_“w
P——

V setpoint

0,97

152501
rzson
EETS0T
¥$050T
ST0S0T
9E6YOT
L58V0T
81801
6ELYOT
004101
z9vior
WSyt
£0'S0T
vryior
SYEYOT
90EYOT
Levior
SYIY0T
60:T:0T
oE0v:0T
TS6E0T
60T
EEBE0T
PSLEOT
STLEOT
9E9E0T
LS'SE0T
8TSE0T
6EVEOT
0001
TTEEOT
wzeor
£0:TEOT
veteon
B guzug
90:080T
LTETOT
syiazor
60°:8T0T
oELTOT

HVRS converts th

HVRS splits the Q

Reactive power setpoint per generator

V setpoint in Q

requirement
among the power

10

137

setpoint

136

131

AV [pu]

~—=V\oltage setpoint
~—Voltage measurement

130

—— Setpoint G1
——Setpoint G2
~—Setpoint G3

Q command to
power plants

129

-10

128

-12

IS0t
60:15°01
9E05°01
£0:05°0T
oT6vor
15:8v°01
T8yt
5ot
sTLvOL
SHoror
[48- 120
6ESYOL
905701
EEMWOL
00:41°01
LTEYOT
Srot
1ot
Elatzus
stIvor
roror
60:01°0T
9E6£01
E0:6E0T
0E:8E01
L5801
yTLEOT
159801
8T9E0T
STSEotT
(4812
GEVEOL
90¥E01
EEEEOT
00'EE0T
LTTE0T
PSITEOT
eotr
8Y.0£01
sroeot
6ot
60:6201
98T 0L
£0:8201
oELTOt

L¥ZS0T
oTZS 0T
EETS0T
950501
610507
wieriot
06101
8T8Y01
TS0t
LAgAZ
LEITOT
00:9%°01
ETSEOT
9rol
60407
TEEVOT
S5TY0T
STIVOT
wiavor
rOIroT
LTOVOT
05'6€0T
ET6E0T
9€:8E01
65:LE0T
et
SYE0T
8019€01
TESEOT
YSPEOT
LTYEDT
OFEE0T
EOEEOT
9TTE0T
¥ TE0T
TrIE0t
SE0E0T
856701
TZ6T:01
YrisTot
L0801
0ELTOT

Generators' terminals

Overall response at the voltage regulaition

104

10

——Setpoint sum

102

w

~—Measurements sum

o

Lvanio

~——Voltage G1

-10

~——=Voltage G2

~Voltage G3

ST:Zs01
01501
SP:0S:01
000501
ST:6Y0L
0£:8Y°01
SY:LvoL
00:4¥01
ST9vol
0E'SroL
Stivyol
00:¥¥01
STerol
(U420
SYIvol
00'I¥01
ST:Ov:01
0E'6€01
SY8E0T
00:8€:01
SLLE01
0901
SPSEOT
00:SE0L
STYeEol
OEEE0T
SYZe0L
00:Z£:01
STIE01
0E:0€0T
S¥6Z:01
00:6Z:01
ST:8T01
0€:LZ0T

-15

wesot
60:15°0T
9E05°01
£0°05°01
0T6v0L
L45°'8Y°0T
vTerot
5¢vot
8LLvotT
S¥orot
ravor
B6ESYOL
90501
EEvoL
0001
LTEFOL
vSTvotr
Trwor
B IYoT
SEIvor
worot
60:0v°0T
9E6£0T
E0'6E0T
0EgE0T
LSLEOT
vTLEor
T5:98°0T
819801
S¥SEOT
wseor
GEVEOT
90vE0T
EEEEOL
00:£E°0T
Lrreor
rSITE0T
Treor
8¥0E0T
Srosor
w6zt
60:6201
9E8z0t
08201
oELz0t



'SmartNet

(C
()
| .
(C
o
L
o
-
20
-
§=
I
| .
)
-
@)
(&
O
Vg
T
©
)
A
©
| -
o+
C
Q
O

Pilot A

2,97858 MW)

12/09/2018 Test3 TRR (HB

P[MW]

0,50

0,00

-0,50

-1,00

-1,50

-2,00

-2,50

-3,00

-3,50

-4,00

SHETEL
6T6TET
ETBTET
L5°8T:€T
TV8TET
STBT-ET
60:8T-€1
ESTLTET
LELTET
TTLTET
SO:LTET
6¥:9T-€T
EEITET
LT9T°ET
TO9T:€T
SVSTET
B6TSTET
ETSTET
LSYTET
TVYTET
STYTET
GOVT-ET
ESETET
LEETET
TTETET
SOETET
6V ZTET
EETTET
JASAS
T0-ZTET
SPITEL
6LITET
ETITET
LSOT-ET
TVOT:ET
STOTET
60:0T-€T
€S°60°ET
LEGOET
TT60°€T
SO:60°€T
6¥'80°€T
EE'80ET
LT:BOET

-—Real power contribution

-—Expected contribution

100%

70%

50%
40%
30%
20%

g

SHET-ET
6T6T-ET
ETBIET
LS BTET
TWBTET
STBTET
60:8T-ET
ESLTET
LELTET
TTLTET
SOLTET
6¥:9T:€T
EEITET
LT9TET
TO9T:ET
SESTET
6TSTET
ETSTET
LSYTED
IPPTET
STYTED
6O VT-ET
ESETET
LEETET
TTETET
SOET-ET
GZTET
EETTET
LTTTET
TOZT'ET
SPITET
6TITET
ETTTET
LSOTET
TVOTET
STOTET
60:0T°€T
ES'60°ET
LEGOET
T1T60°€T

| SO'60'€ET
| 6¥:80°€T
| EE:BOET

8

LT-BOET

Dynamic Error

Threshold dynamic error %




Pilot A: Centralised TSO control in high-DER area =mSmart

= Observability function: OK
= Voltage regulation:
O HVRS: OK (lower impact than big power plants and small delays)

O MVRS:
e OK for distribution

* Very low impact at transmission

* Good to avoid reactive power loops which waste resources
= Frequency regulation:
O RES were able to provide downward balancing

O But they could not follow aFRR control signal (they may for mFRR)
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Common TSO-DSO market with pool flexibility

w
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Pilot B: Common TSO-DSO market with pool flexibilityig} SmarI:Net‘=
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Pilot B: Common TSO-DSO market with pool flexibilityig SmartNet‘;
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Pilot B: Common TSO-DSO market with pool flexibility® Smart w

» Indirect control is useful for controlling DER

= Indirect control can be based on prices or other penalties, such as CO2-

content
= Challenges in estimating flexibility function, but lightweight approach

= Need to have a strong communication network =» Focus on urban areas
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Shared responsibility with base station flexibility
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Spanish context
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Legend

Adequate in some visions
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2030 Transmission adequacy (TYNDP‘16)

http://tyndp.entsoe.eu/exec-report/

SSmart

Generation mix at 11:50 of 19/11/2015 Generation mix at 04:50 of 21/11/2015

Wind:
15293 MW
58 %

Generation Associated CO2 Generation Associated CO2
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pilot C: Shared responsibility with BS flexibility D SmartNet™
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Pilot C: Shared responsibility with BS flexibility i) SmartNet‘
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Pilot C: Shared responsibility with BS flexibility 2 Smart 3

= DSO can operate local markets to avoid congestions and maintain scheduled

profile:

O Perfect matching between real exchange and scheduled profile, except:

* When downward balancing was needed

* There was not enough flexibility available

= (CBAshows CS Casthe least efficient one. However, from a practical point of

view, it worked.
= No impact onVodafone's service

= High replicability: More than 250 MW available on Vodafone's sites across

Europe
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