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N Introduction Smart Grids Plus
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M| The Department of Energy - Education ™ omsrrane o o
m
» BSc & MSc in Energy Engineering
———————— (500 BSc and 290 MSc students enrolled in 2013)
— » MSc in Nuclear Engineering (35 MSc students enrolled in 2013)
Merlo Marco = PhD on “Energy and Nuclear Science and Technology”
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Five Department divisions N Five Department divisions |
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1. Chemical Technologies and Processes and NanoTechnologies 4. Fluid Dynamic Machines, Propulsion & Energy Systems Division
Division 4 ‘ =]y

* Fluid-dynamics of turbomachines
= Catalysis and Catalytic Processes

Educ = Group of Energy COnversion Systems (GECOS)

Marce * Micro and Nanostructured Materials . )
the s¢ * |CEGroup - Internal combustion engines
temfpf 2. Electrical Division « Propulsion and combustion

E|r|§ ree = Electric Systems for Transportation

journe » Electrical engineering

5. Thermal Engineering & Environmental Technologies Division D
= Applied Thermal Engineering

* Power Systems

3. Nuclear Engineering Division

* Buildings’ Environment and Energy Systems
* Radiation Measurements and Detection

* End-use efficiency (eERG)
* Nuclear Reactors

- . . » Heating, Ventilating, Air Conditioning and
* Reliability and Risk Analysis of Nuclear

Refrigeration Systems and Components

and Industrial Components and Systems

* Mono and Multiphase thermo-fluidynamics
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Research Group Smart Grids Plus
Relevant Projects (2010 -2015) ERA-Net 3
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ENERGY
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Nl nternal 0o Research

LIVREA: Voltage Regulation with inverter
J e PRESTO: Primary Regulation with STOrage
e ENERGY4GROWING: Mlcrogrld for Emerging Countries

Partners in s ries cre: d master plans for I deplor ymen of s ges. Pilot t showed the
f sibilit y fmab\ d nary s g u b\ f ure, business uarks, enterpns d smart h omes.

WA NPr i vl%$earcch PrOJect

PIACE - PIATTAFOQ
MICROCOGENER/

Smart Grid: Scientific /Technical advisors for five «official » (Italian
Resolution Arg/elt 39/10) SMART GRID Deployment project

sz STORAGE: Lab activities in cooperation with national /international
companies

RENEWABLES MANAGEMENT: Lab activities in cooperation |

with national /international companies

(Ital
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Politecnico di Milano T Energy Department Smart Grids Plus
Smart Grid labs ERA-Net 4
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A SoNiC: FIAMM
A Research project PRESTO | _ —

Primary Regulation of STOrage h

ESS power/energy
constraints & Control
PV productwn forecastlng error Power profile Strategy ESS actual power exchange 8
required by EIC (kW) profile

A M‘U | §> [> g \
Power profile required by PFC (p.u.) Power profile required by PFC @
(kW)

Frequency Evaluation of

. performance indexes
PFC power -
band mk ‘
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Europe is one single entity (1?) Smart Grids Plus

ERA-Net 5
||
Disconnection Settings
Interconnected ==
entso@ “mwi o dil Installed
capacity in CE New installations Retrofitting
Country TSOs 50,2 50,3 Hz 50,5 Hz compliant? program?
aeas = - LEEA S s) 22 T NS 14000 14000 yes yes
1 : 11500 0 11500 from
1 April 20127 i
35900 0 0 yes no
under
2500 2500 0 preparation no
| Republic 1900 950*  950° ho no
| Belgium 1600 960 0 yes no
600 600 no no
entso@

IMPLEMENTATION GUIDELINE
FOR NETWORK C%DGéJ HOELINE

“Require i
Appgcab ments for Grid Connection

le to all Generators”
|
\ 16 Ocrober201.3
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The challenge we have today

| D
Smart Grids Plus
ERA-Net 6

Ancillary Services: grid security and stability

Limited amount of non
controllable generation

4

Big amount of non
controllable generation

A

Margin to Margin to
increase increase
Energy Demand
Margin to :
decrease Margin to
decrease
v
Controllable
Power Plant
Controllable able to provide
Power Plant ancillary
able to provide services
ancillary
services
FV

«special» power
plans (non
controllable)

«special» power
plants (non
controllable

ABUTO

A «REAL LIFE» figure are,
sometimes, far from theoretical
one

A There is a lack in the technical
regulation IEC TC1 120

( )

A Grid Codes have to be unified
ENTSOe

A Market structures have to be
updated

A We need fdreal |i:
(few cases so far)

A SOCIAL PROBLEMS
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http://www.iec.ch/

Storag_e nee_ds/rol_e In the future E.S.: Smart Grids Plus
numerical simulations /examples ERA-Net 7
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The results obtained with the simulations depict that, under the assumptions of the
study, the STORAGE becomes an effective solution to reduce RES imbalances with
costs lower than 160 u/kWh. The situation changes considerably at an increase in
the imbalance penalties, the break-even cost increases to 289 u/kWh.
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N Storage needs in the future energy system : Smart Grids Plus
numerical simulations /examples ERA-Net 8

= S Ni STORAGE for primary and secondary frequency control

TRANSMISSION g l -
SYSTEM P

400, 275, 220 -
and 110kV -

e e .
i“ / ;
A\ /! 7
49.97

T h e r neuéhanore than the classical Peak Shaving:

49.95

——BES50% ——BESS78.71% =— —+czero — —-gero = —+0 = =-C
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49.99

Frequen:

49.94

49.93
Energy .Supply 4992

f Ancyllary Services ! s

Fast (real) power control

o 450 900 1350 1800 2250 2700 3150 3600 4050 4500 4950 5400 5850 6300 6750 7200

A Reserve (real) power control e
A Voltage (reactive power) control
A Stability control
A
A

Energy Storage

Black Start

etc

Nodes: 6

Transformers : 520
Termo generators : 31
Hydro generatores : 48
Wind power plants : 163

5950

To T o T o T
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Project SCUOLA Smart Grids Plus
a possibile study case example ERA-Net 9

‘ A PV + Storage
pumg—— (building like)

A Building Energy
(electric + thermo)
management
(trigen machine in place)

Schema generale di sistema Livello 0

SCADADMS Centro operativo
Livello
C Cabina primaria

Stazione di

R:ca caRapda @er

A Smart e.car
recharge

Stazione dj
Ricarica Rapida

A ICT & TLC for interaction
with the final users

A Everything is linked to
and managed by the

— DSO (Distribution
Misuratori parameti CCl SyStem Operator)
produzione
.2 =
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Open Questions : Smart Grids Plus
ERA-Net 10

|
A What are we looking for P
Application g Segmentation (use-cases)
A Renewables? |
0 Reserve capacity Lir}i
g P
A Economics? T o
S
A Secu rlty’) » Response to emergencies 2
" )
. Consumer/ Decentralized Variable Conventional £
A Q u aI |ty? Prosumer generation generation power plants | -2
B ' i '
= = Al ol s
. <] = T
A What is our benchmark? Time shifting (SRR g + Avold curtaiment 2
* commercial self - On-Grid + grid Rules for grid I 3
A T d I f 1 1 supply upgrade deferral ' m?e?aﬁ(;r?n ' I:.‘e(;r’\iﬁis;; load | ¥
(0] ay q ua Ity o1 service In @ - Industrial peak : Rr?;"o‘e areas/ off- - Energy arbitrage optimization
A G - E shaving g (time shifting)
ema‘ny - = Distribution grid , . .. Transmission grid
. ili @y + Ensure i
A ltaly? — vl §01 14 s S
a e T system -
A Other Metrics? =iy g eeimzaton Ssiy .
1kW 100 kW 1MW 10 MW 20 MW Power

A What is the Electric System structure more suitable for the future challenges:
A TSO/DSO Pubblic /Private?
A ESS Pubblic /Private?

A What should be the «final user» role in this picture?

On top of that:
Real life tests a r aelmast 0 mandatory

Willingess t 0o i uhss en®v enerqgy econosystem is a key factor
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Really a tough goal

B
Snéars Gridi Bliys
ERA-Net

|
Let me change perspective: have a look to
Tanzania

[Ty

\N\””\“

'@ere‘r s any stable energy behaviour

0\*\?’6 W | J

Huge voltage/frequency oscillations

Money is a key factor (effectiveness)

Ideal configuration for a LAB !!!
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