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A simulation environment for analyzing a smart
ancillary services from distribution grids

S! Development of realistic 2030 scenarios for the three
v @& reference countries
#%..  Italian case presented as example
Development of a simulation platform for the

comparison of TSO-DSO coordination schemes

Presentation of the simulator working principles

€l

Simulation of the potential distribution system

%Q contribution to ancillary services

m Simulation of real-time balancing market and
2 congestion management 2
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How the simulator works Smart

¥+ Simulation based on three layers

Market layer

Bidding and dispatching layer

Physical layer

-; ————
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How the simulator works
¥ How the physical layer is simulated
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How the simulator works
++ How the physical layer is simulated

Thermostatically Controlled Load =
Physics simulation of
/‘ - — ysics simula
@ "" m ﬁgg controllable devices
Customers’ - -
Environmental . 4 Building Air conditioning
temperature behavior thermal model system

mSmart
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How the simulator works
+ How the physical layer is simulated

Distribution Network Simulation

Collection of the power
exchange of each device

Power flow of the [ﬁ % Network simulation ]

distribution network

Transmission Network Simulation
Power exchange of large

devices and distribution
networks

Power flow of the
transmission network

time time step k time step k+1 time step k+2 [ 6
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How the simulator works Smart

++ How the physical layer is simulated

Low-level network management operations
Network management in case of critical situations

éH,gV Automatic response of network
asset
x Network topology reconfiguration

Low-level operations
Failure of a device and/or network

_ _ on network asset
>A< component (trip of protections)

g > Overvoltage and/or overloading of
~  network buses and lines

time time step k time step k+1 time step k+2 )
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How the simulator works Smart

++ How the physical layer is simulated

Automatic Frequency Restoration (aFRR)

In case of imbalance, automatic controllers

promptly activate reserves in order to mitigate it.
(the reserves will be restored later by balancing market)

EE Instantaneous imbalance
level calculation
( . . )
E__:l Activation of resources by
;‘;\’_“_—‘r_—‘;\’ | means of a control signal )

Re-simulation of the | Automatic Frequency
network aFRR Restoration

time time step k time step k+1 time step k+2 O



O . -
How the simulator works Smart

¥ How the bidding process is simulated

time step k
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How the simulator works

mSmart

<+ How the bidding process is simulated

Measurement of the devices status
(electric vehicle)
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How the simulator works
++ How the bidding process is simulated

Construction of the bid

'ﬁﬁ ﬁﬁ Y Yl Vi
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forecasted cost Eventual
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available flexibility
and its cost
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How the simulator works
++ How the bidding process is simulated

Market arbitrage
@ Real time
\J
“ \ R balancing
Market FIeX|b|I|ty RN N market
. N ¢ *
player bid 24 I i
Intra-day

& market

Intra-day market is not simulated, but its interference

on the balancing market bidding is considered
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How the simulator works Smart

¥ How the bidding process is simulated

Large power units (transmission system)

? Market

“ player

m & Market

player
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How the simulator works Smart

¥ How the bidding process is siIuIated
Industrial complexes
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How the simulator works Smart

¢ How the biddi s is simulated
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How the simulator works Smart

¥ How the b
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How the simulator works Smart

2+ How the market process is simuls

time step k
Estimation of the
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&  Collection of the bids
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Market clearing
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Communication of the
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How the simulator works
++ How the market process is simulated

S Smart

Estimation of the network state at k+1

The most updated status of the
network is communicated from
the physical layer

Forecasting error is simulated
assuming that it is decreasing

exponentially

|
Estimation of

network imbalance
and congestion

T

status at k+1

time

time step k time step k+1

[@Estimation of the
network state at k+
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How the simulator works
¥+ How the market process is simulated
Collection of the bids and market clearing
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How the simulator works

S Smart

++ How the market process is simulated

Collection of the bids and market clearing
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How the simulator works Smart
+ How the market process is simulated

Collection of the bids and market clearing
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How the simulator works Smart
++ How the market process is simulated

Communication of the market djrectives

Network operations aimed at & LT A
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How the simulator works Smart

¥ How the dispatching process is simulated
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How the simulator works

mSmart

+ How the dispatching process is simulated

Measurement of the devices status

(Hydro power plant)
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How the simulator works Smart

+ How the dispatching process is simulated

Optimal repartition of the activation signal
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How the simulator works Smart

¥ How the physical layer is simulated
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How the simulator works
++ How the physical layer is simulated

Thermostatically Controlled Load
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Simulation diagrams ®Smart

Q DSO TSO-DSO
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Market

Bidding and

Simulation diagrams

S Smart

Coordination schemes with common market in which transmission and

distribution resources participate

dispatching

Physical (Dx)

Physical (Tx)

Central Market Operator

Aggregator

Dx Retailer

Tx Retailer

Network operator

Devices

Network

Network operator

information on
the status of
Dx devices

Dx devices status at
Kk-L, k-L-1, k-L-2, ...

Dx network situation at]

k-L, k-L-1, k-L-2, ...

information on
the status of
Tx devices

bids and information
on the Dx and TX
devices capability 4-
Bids generation
for aggregated
resources at Dx

Bids generation
for non-aggregated
resources at Dx

Bids generation
for non-aggregated
resources at Tx

communication of
the forcasted network
status at k, k+1, etc.
and physical model

Forecasting of Tx
network situation
at k, k+1, k+2, ...

=

Devices

Network

Tx devices status at
Kk-L, k-L-1, k-L-2, ...

Tx network situation at,
Kk-L, k-L-1, k-L-2, ...

(Tx network)

Communication of t
network operations to be
performed to allow the
gctivation of flexibilitie;

communication of
the set-points to be
applied on devices

Dispatching of
aggregated
DX resources

|communication of
the disaggregated
set-points to the
physical devices

communication of
the set-points to

the physical devices

Update set-points

TSO,

Ager. 8 28\78 A .

updated status of Dx
devices with eventual
correction of unfeasibilities

of Dx devices at k

Translating market

directives in Tx
network operations

Tx network situation
at k=

. on o
Dx devices status |measurements from
the field (Dx network)

Dx devices status
at k

Dx network situation
4 after devices

information on

P set-points update

—

Dx network situation
at k

power exchange in correspondence
of the primary substation

Tx devices status

Update set-points

updated status of Tx devices with
eventual correction of unfeasibilities

Y

of Tx devices at k

measurements from
the field (Tx network)

Tx devices status

at k

Tx network situation
after devices
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Tx network situation
at k

Details on the exchanged information: used for the design of the
ICT network and calculation of ICT costs (processed later by CBA)
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Validated simulation environment
(software modules + scenarios)

Dedicated Cost Benefit Analysis approach

B
Cﬂj‘ @B  Best TSO-DSO interaction patterns for each
<= considered national case

Guidelines on hardware utilization within (Egu‘igo'/ g
the considered TSO-DSO schemes "* o
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How the simulator works Smart
2 How imbalance and congestions are simulated

A forecasting error is introduced in order to model
* deviations in electricity production from RES

 Joad stochastic behavior

* power plants/network failures

~_* non-accepted bids in previous markets
Consequences of these deviations:

m * Transmission system imbalance

e (Distribution system imbalance)

“ﬁ. * Congestions on transmission network

* Congestions on distribution network P33
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European reference scenarios are processed in order to generate the system
configur

Faas
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2030 Scenario Data

S Smart

Geographical allocation of the energy resources expected for 2030
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Mapping of the geographical information on the electricity network
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Market

Market

Simulation diagrams

S Smart

Coordination schemes with separated markets: one for transmission and
one for distribution resources
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