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D SmartNet
Italian energy framework

Large increasing of RES in Renewable- Installed Power

the last 10 years
and of DG connected at | ———
distribution grid = m

!

New issues in
terms of power
management of

the electrical grid
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_ Daily medium load TR Molini di Tures year 2014 (MW)
At AN
N NEW CHALLENGES
o » Active Power rise up from MV to HV grid
= « Unpredictability of RES
] B ° Needs to improve the infrastructure for
= monitoring and control of MV and LV levels
o -35 MW
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D SmartNet
Goals of Italian Pilot A

The Italian pilot project aims to implement new features for an
innovative experimentation in field
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D Smart
Italian Pilot Project - Implementation in field

| Valley of Ahrntal, in Substation of Molini di Tures: 2 HV hydroelectric
South-Tyrol, ltaly generators (20MW), 2 x TR 40 MVA 132/20 kV, 6 feeders.

MV generation: 33 generators with 43,5 MW of power (41,7 MW
hydro, 1,5 MW thermo, 0,2 MW FV).

Others 0,85 MW of generation in LV (0,73 MW FV).

Also there are 9,6 MW of generation waiting to connect to the grid.

Other PV

Termi ‘

Feeders without reverse current feeding
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HVRS Voltage Regulation

HV SetPoint E— | HY SetPoint
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TSO send to HVRS at Primary
Substation

Q setpoint

HVRS splits the Q
requirement among
the groups

Q command to
group DCS
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HVRS converts the V
setpoint in Q setpoint

D SmartNet
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SSmart
MVRS functionalities

Aggregation of information in real time at the interconnection point TSO-DSO (HV/MV

transformer) differentiated by load and energy sources. Aggregations are composed by measures

and estimations.

Functionality in
operation:

P and Q values of the
aggregations are
automatically updated
every 20s and sent
every 4s

Interface of TSO Control System
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SSmart
MVRS functionalities

* MVRS provides the reactive power availability of
Regolazione S D R LT the virtual plant at the interconnection with
Anomalia Sist. Regol. FINE TSO, taking into account the single generators
Hodalita Regol. V/Q Q L . .
capabilities and the DSO grid constrains

e TSO can provide a voltage or a reactive power
L i oot ! o setpoint fitting with available capability
considering the DG as a virtual plant

Setpoint Q . 60 .00

Setpoint ¥ . .00

* MVRS receives a unique setpoint and splits the
command among the DG taking into account the
Lim Roa 0 ) o distribution grid constrains

Setpoint @

e The plant receives the command through PCR
(Plant Central Regulator) and provides its
Abil. Invio Set Point REMOTO contribution.

Setpoint ¥

Interface of TSO Control System
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SSmart
MVRS functionalities

 MVRS calculates the program and the half band .
available for the active power modulation at the T
interconnection point considering all the — [t Port - A sapaltv 00%) |

controllable DG and sends the values of the (Peetpomnt Fr slgne) (v >0%) \ —

virtual plant to the TSO N ““\ _______________________________________ ]Eri'lr:c)mualorPowerProfile
HalfBand ! ‘//,/////

* National regulator sends automatically an active /

power level signal every 4 s that is a percentage |
Of the band SetPoint + FR signal

(liv < 50%)

| Set Point + FR signal (liv=50%)

>
>

* MVRS receives the level and splits the command time
among the DG involved in the regulation

aFRR process is the power variation, around a
Ad hoc test with volunteer hydroelectric program level, following a setpoint sent by the

plants’ owner connected at MV grid TSO.
adopting ramps similar to the tests used
for the participation of traditional
plants in aFRR service
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SSmart

Siemens HVRS Preliminary Results
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HVRS - Voltage regulation results

HV Busbar Voltage Regulation — Example #1
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'‘SmartiNet
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HVRS - Voltage regulation results

HV Busbar Voltage Regulation — Example #2
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HVRS - Voltage regulation results

HV Busbar Voltage Regulation — Example #2

Voltage at generators terminals
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HVRS — Possible exploitation

Split Setpoint/

Wind / PV Parks

WP 5 — Task 1 — Italian Pilot Project

SCADA TSO

[Z]

SSmart

Potential

To manage different units
sending a unique command
to a device installed in the
HV substation

Traditional
plants

{
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D SmartNet

Selta MVRS Preliminary Results
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SELTA MVRS: Observability Module

D SmartNet

AGGREGATE DETAILS:

Total Nominal Power 26.140 kw
Total Avarage Power 9.829 kw
HOW many PCRS Number of MV Plants 19
are they needed? Hydroelectric Plants 17
Photovoltaic Plants 1
Biomass Plants 1
100%
90%
80%
70% -
60% -
[ Estimated Avarage Power
50%
mmm Measured Avarage Power
40%
a=fe= |PS 95°%le (on AVG P)
30%
e | PS Target
20%
10% -
0% T T T T 1

3 4
Number of Installed PCRs

6 2017

IPS Target = 10%




SELTA MVRS: Distribution State Estimation

TSO: HVside =

[

]

D SmartNet

3 lerna

€= HV/MV transformers




S Smart
SELTA MVRS: Distribution State Estimation
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‘TEST 7/5/18\ D Smaort

SELTA MVRS: Power/frequency regulation

* RED Transformer:

v’ 2 controlled DGs (DG_R1, DG_R2)
v" Total controlled Power =5,9 MW

Level signal by Terna (%)
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‘ TEST 7/6/18 \

S Smart

SELTA MVRS: Power/frequency regulation
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‘ TEST 7/6/18 \

SELTA MVRS: Power/frequency regulation

GREEN Transformer:

v' 1 controlled DG (DG_V1)
v" Total controlled Power = 0,9 MW

SSmart

Green Transformer P exchenged (MW)
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‘TEST 7/6/18\ D Smaort

SELTA MVRS: Power/frequency regulation
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SSmart

Siemens MVRS Preliminary Results
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Observability function D SmartNet

Solar radiation and

r

1 1
1 1
1 1
1 1
1 1
: Field sensors :
: ] : temperature
1 Weather data +
] =t 1
1 J’ 1
1 1
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1 1
1 1
1 1
' |

Specific self-learning
algorithms able to provide
the so called “Nowcast”
for all the energy
resources=>MV plants and
LV generation connected to
each MVI/LV transformer

Weather data
Websites .

“Near real-time” data

1

1

I L

l r :il
1 MV Generator > Meter

| - v
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1 1
| 1
1 L |
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MVRS
’ O'Q Observability
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Observability function > Smaort
Preliminary results
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Capability & Voltage Regulation function = Smart
MYV State Estimation
= Vhv

" |, P1, Qr @

- VMV, |teedermv | b PLQ t kP, Q

MVn MVn MVn MVn
" [mvn, Vmvn, Pmvn, Q

The Complete State Estimation algorithm uses:

MV | — Vi

= Load and generation data (Ps, Qg, PL, Pwm [
Qu)>Nowcast CRRRRREY Sast |

E IM'.'I‘I MYR
V" Iwvn, Vmvn, Pmvn, Qmvn are real-time ! /&I |
measurements provided by smart devices (PCR) | . \ W (r.p.a
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Capability & Voltage Regulation function & Smart
Control loop

In case of voltage set MVRS

point: _ Voltage Requlation:
pre-processing using impose a reactive
specific Q(AV) curves Voltage power set point atthe

Reg ulation HV-MV interface
using the MV

controllable resources

Specific ORPF suitable
for Distribution
Networks—->the
objective function was
% B changed to minimize
TSO the square of the
difference between the
actual reactive power
Virtual Capability flowing in the HV-MV
computation: interface and its set
_ calculate the reactive point.
oo Virtual il power limits at the
Capability S MEEECE 2]
giving fictitious large -
set points
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Capability & Voltage Regulation function & Smart
Preliminary results

Cabina Primaria

REGV TRV

BEGVAT

MVRS real-time operation

CAPABILITY TRR
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Capability & Voltage Regulation function & Smart

Preliminary results

WP 5 — Task 1 — Italian Pilot Project
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Capability & Voltage Regulation function & Smart
Preliminary results
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MVRS real-time operation
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Capability & Voltage Regulation function & Smart

Preliminary results

Dashboard QCAP: Capability Virtuali - Bus ED001000001436
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Capability & Voltage Regulation function & Smart
Preliminary results
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D Smart

Smart TSO-DSO interaction schemes, market architectures and ICT Solutions for the
integration of ancillary services from demand side management and distributed
generation

Thank you for your kind attention!
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