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Simulation scenarios D SmartNet

= SmartNet considers three countries in 2030 scenarios
4 : G :
‘) Northern Italy ‘= Continental Denmark (@ _)Spain

» Resources expected for 2030 are connected to the system, considering also
o Network upgrade
o Correlation between weather variables and power

o Pre-processed day-ahead and intra-day markets
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Simulation scenarios

Wind 3475 dovicws 1

Photovoltaics 203507 sevices i

Conventional JEhi |

CHP Spes ]

Household app. Siifgﬁ”ﬁvms |

Storage-based app. issssaeices | o ENTSO-E Vision 4
Thermal loads [] 7icas evees *  Energinet.dk projections

Sheddable 10ads | 33a; dmices +  Demand response fully used
Hydroelectric | o gevices s Good cross-border capacity

0 2 4 6 8 o

Power Capacity [GW]

Conventional
Wind

Photovoltaics

59943 devices
StOFage'based app gggﬁ:ﬁ’:’\g:{/ices |
CHP 222 doices ]
HOUSGhOId app :ggggogﬂzvevices

1222.6 MW
555 devices

356.8 MW
124539 devices

217.5 MW
43501 devices

Hydroelectric
Thermal loads

Sheddable loads

16800.0 MW

50513.9 MW
596 devices

35750.0 MW
1053 devices

*  ENTSO-E Vision 1

. EU reference scenario
*  Poor demand response
*  Poor interconnections

40 60 80 100
Power Capacity [GW]

S SmartNet

Hallands

Halni

~Helsingb¢
p

jon Hovedstaden

3

27 o
Sjeelland ‘Kvaben,havr

/ﬂa'm;/!nnd {

XON = e Donostia / Toulduse
w * San sebasian

Portugal

Lisboa
200

chief LED

&Y"‘Qum.O Oran
y - NAIOC.- Ain Oussara
Larachell Térkuon g e N Y, 2 4 v (Taret g




Structure of the Simulator = Smart
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Stru;ture of the Slmulator =~ SmartNet
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Structure of the Simulator = Smart
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Optimization functions are processed in order to

estimate the flexibility for the next time step

§) Multiple mFRR bids, representing different flexibility
é, options, are submitted to the market




submitted mFRR bids [GW]

Structure of the Simulator =~ gmart
Aggregation and bidding (renewables)
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Structure of the Sim
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Aggregation and bidding (storage)
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Structure of the Simulator = Smart
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f Transmission and distribution network models are
il integrated within the market clearing routine

Bids are processed on the basis of the forecasted
imbalance and network congestions




Structure of the Simulator
Market clearing (CS A)
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Structure of the Simulator
Market clearing (CS D)

Activated mFRR at transmission level
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Structure of the Simulator
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Structure of the Simulator
Disaggregation and dispatch (Thermostatic Controllable Loads)

SSmart

Thermostatlcally controlled loads erX|b|I|ty

2 I I [
offered upward erX|b|I|ty
offered downward flexibility
1.5 -
— Activation of upward flexibility Ml accepted upward flexibility
% 1- Wl accepted downward flexibility
9
o 05~ i
v
Lg O ‘.-—b.h—'--.— -I ﬂ—_r - I i p— _
3-05- 2
5 1 |
>
n
15 Rebound effect |
_2 | | | | | | |

00:00 03:00 06:00 09:00

12:00
time [HH:MM]

15:00

18:00 21:00

00:00



Structure of the Simulator = Smart
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Structure of the Simulator = Smart
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Markets may fail in predicting

network congestions
= distribution is not monitored in CS.A
= forecasting error impact on network variables

U Network operators are re-dispatching flexible
i
W =R resources in order to safely operate the network A
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Structure of the Simulator

D SmartNet
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Structure of the Simulator
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Structure of the Simulator = Smart
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Structure of the Slmulator. S SmartNet
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Structure of the Slmulator. ~SmartNet
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Relationship between main system actors S SmartNet
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Structure of the Macro Level Analysis S Smart
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Selection of Metrics = Smart

Economic indicators

i [ Cost of the market defined in SmartNet. )
Total mFRR cost .

X )1 Nodal pricing & pay-as-clear )
r N\ ( ) )
Total aFRR cost Cost of .re—balar.\cmg the system aft.er mFRR.

5 J L System-wide merit order based on bids to mFRR )

Cost of re-dispatching

Unexpected congestions solved with curtailment of
load/generation, etc.

-

Total ICT cost

) G\formation Technology costs based on development effo%
for aggregation and market clearing routines.
Communication costs assumed to be comparable in all CSs
CS A assumed to be in place by 2030 =2 additional costs for

) \ the rest of CSs J

Additional indicators
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N
] [ Standard emission rates per generation technology. Cost

J

included in bids



Economic results for the Italian case = Smart

Italy 2030 ‘ ’
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500.00 192
: 450 439
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M ICT annual cost
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100.00 -
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The main component of the CBA is the mFRR cost. This cost is very similar in all CSs.
UM and ICT costs are a small part of total costs.

The main difference between CSs is determined by the aFRR cost.

In the scenarios considered, the most efficient CSs are the CS B and CS D, although the
total costs obtained for all CSs are very similar.



Economic results for the Danish case = Smart

Denmark 2030 :;
200.00
180.00 173
160.00 -
140.00 120
_ 120.00 104 116 M ICT annual cost
£ 100.00 - ® UM annual cost
80.00 - M aFRR annual cost
60.00 - B mFRR annual cost
40.00 -
20.00 -~
0.00 -
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The main component of the CBA is the mFRR cost.
UM are almost negligible and ICT costs are a small part of total costs.

The results for CS A, CS B and CS D are very similar. The main difference is caused by
the ICT costs.

In the scenarios considered, the most efficient CSs are either the evolutionary one
(CS A) or the revolutionary one (CS D).



Economic results for the Spanish case = Smart

/—'\.
Spain 2030 LI,
400.00
355
350.00 —
309 312 309
300.00 -
250.00 - M ICT annual [M€]
g 200.00 - = UM annual cost [M€]
- 150.00 - M aFRR annual cost [M€]
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The main component of the CBA is the mFRR cost. This cost is practically equal in all
CSs.

UM and ICT costs are a small part of total costs.
The main difference between CSs is determined by the aFRR cost.
However CS A, having higher aFRR costs, performs similar as ICT costs are lower.

In the scenarios considered, the least efficient CS is CS C.



Non-economic results: CO, emissions = Smart
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e ltaly is characterized by large CO,
Annual-Spain /—\‘ . . . .
z ) emissions if compared to other countries

* DK has small demand and mostly renewable

— 8000
£ 7000 energy mixes
g Ezzz * Spain energy mix is predominantly CO, free
< 4000 (nuclear and large portions of renewables)
£ 3000 * All CSs features similar CO, emissions:
~ 2000
8 1000 * mFRR activations are small if compared to the
total energy demand
CS_A CS_B Cs_C CS_D

*  Sub-optimal mFRR activations (CS C) drive to

more visible impacts on CO,. In Denmark,
especially, CS C is resulting more efficient



Conclusions = Smart

» Effectiveness of TSO-DSO coordination schemes depends on level of services
requested by the DSO

* In case of few congestions at distribution level (forecasting errors are comparable to the
possibility of having congestions in distribution grid), CS A has higher economic performance

with respect to CS B and CS D

*  When distribution congestions are significant (and predictable), the adoption of CSB or CSD
results to be beneficial

* The implementation of two-steps markets is generally less efficient than optimizing in
a single step (capable of considering both TSO and DSO needs — CS D)

CSB=CSD Local market in CS B activates local mFRR for distribution congestion management.
The results are pretty similar to the ones returned by CS D, even if slightly more
costly in the simulated scenarios.

CSC>CSx Local market in CS C, in addition to congestions, balances distribution grids.
Scarcity and illiquidity of resources makes this scheme the least efficient one

CSC<CSx However, in rare circumstances (i.e. severe congestions at transmission level) the

CSB<CSx selection of two-steps markets architectures can be more beneficial than other
schemes, as market separation potentially prevent the spreading of high nodal
prices among distribution and transmission systems @



Conclusions = Smart

Aggregators will bear a large portion of ICT costs: communications with DERs,
aggregation software, updates in aggregation algorithms to make competitive offers.

* Potential issue with the last kilometer DER communications: it may be possible that DER
communication/activation costs turn out to be too large for a profitable aggregation business
(applicable to all CSs).

ICT costs in different CSs are almost the same and much lower than operational costs:

* Not the key element to select the best coordination scheme

* Depending on the country, the cost of upgrading ICT systems may be greater than the energy
benefits gained by adopting one complex coordination scheme rather than CS A

T < 5

Italy Spain <’ Denmark
significant congestions at average congestions at no relevant congestions if
distribution level distribution level compared to forecasting
Upgrading from CS A to ICT costs is comparable to error

CS B/D is convenient and the benefits brought by The implementation of
not jeopardized by ICT adopting CS B/D rather CSs which includes DSO
costs than maintaining CS A services failed
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Structure of Micro Level Analysis B SmartNet
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Structure of Micro Level Analysis B SmartNet
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