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How much is important the Energy Today??

U The influence of energy in our life is high!

E Direct-Mode

C Transport
I Car
I Airplane
-
C Heater
I Domestic
I Industrial
C Elettricity
I Light
I Household appliences
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How muchener gy é

U To sustain the quality of life you need (much) energy:

E A school student 400 kWh/year [
E A university student 1700 kWh/ yearl!]
E A hospital bed 3000 kWh/ year'?!
E A prisoner 7000 kWh/ yearf]

0 How much electricity energy can a person produce in a year?

Kahoot #5

E 200. kWh/y =0.20 MWh = 200.kWh/y
C 100 W -40h/week 50 week/year

C A school student consumes twice as much energy as he himself can produce
I 200kWh/y produced against 400.kWh/y consumed

[1]AAVV. , 20 0 3, Poteérifidl fer Cahinunity Heating with Combined Heat and Powero , Buil ding Research Establishment Ltd.
[2] Piacentino, A., 2004, Applicazioni della cogenerazione e della trigenerazione in edifici residenziali e del terziario civile: analisi energetica,

exergetica ed economica delle diverse soluzioni impiantistiche utilizzabili, Universita degli Studi di Palermo.
[3] AA.VV., 2004, Energy Consumption Guide ECG084 i Energy Use in Prisons, Action Energy.
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How muchener gy é

U In ITALY, we consume about 5.00 MWh/Year per capita of
electricity
E We emit the corresponding pollution.
E 25 times the energy that a person can produce

U In Angola, they consume (and corresponding pollution) for 0.16 MWh

E About the same energy produced by a person
E Buté
C 20% of children die by the first year of age

C Life expectancy is 39 years
I Asin Italy 150 years ago!

[1]AAVV. , 20 0 3, Potenfidl fer Cbhinunity Heating with Combined Heat and Powero , Building Research Establishment Ltd.
[2] Piacentino, A., 2004, Applicazioni della cogenerazione e della trigenerazione in edifici residenziali e del terziario civile: analisi energetica,

exergetica ed economica delle diverse soluzioni impiantistiche utilizzabili, Universita degli Studi di Palermo.

[3] AA.VV., 2004, Energy Consumption Guide ECG084 i Energy Use in Prisons, Action Energy.
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Electricity consumption per capita of electricity 2017

U Italian electricity consumption:
~ 4764. kWh/person Kahoot #6

E Each of us has about 24 "slave-

B s equivalents" Kahoot #7
~~ .U Norway: 25019 kWh/person
% ¢ 5 times as much Italy
— e ¢ Is Norway a susteinable country???
o= Geografia et e oy !
o delenerga  EEmmEs Em Ol India 818. kWh/person
elettrica ot e e .
:— :_;:: C 1/6 Of Italy
R — ¢ They are over 1 billion citizens
-~ 0 China: 4292 kWh/person
N e
C A little less than Italy

C Most populous country
U 20% of the population consumes

TO)104 "AF+Kh a“fatal: WAvAIA Y
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U Attitudes of good practices

E We (ltalians) can easily reduce our consumption "without" affecting the
guality of our lives.

E Two german shepherd dogs consume more resources than an average
bangladeshi
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Population, profits and energy consumption in ltaly

La popolazione residente a meta di
Ciascun anno e calcolata corme media dei

Mumeri indice (base 1963=100)

200 | valori relativi al 31 dicembre dell'anno
considerato e di quelo precedente.
55 Il prodetto interno lordo ai prezzi
g 50 / di mercato & il valore dei beni e senizi
=~ s finali prodaotti dal sistema econaormico
= Toscana avi O : i fiferi i
© >  / o) riell'anna di rlfgrlwentq, al Inrdq d-_:ugll
-‘§ 45 Italia V.4 () arrartamenti e delle imposte indirette.
g 4.0 - .&Q Il consumo interno lorde di energia
S / / 9\) & dato dalla sormma dei quantitativi di fonti
S 35 ,4/ // Q prirarie prodotte, di fonti prirmarie e
= /’ / 00 secondarie irmportate e della variazione
° 39 — * dklle scorte di fonti primarie e secondarie
$ y/a ‘{\. presso produtton e irmpartator, dirminuita
D 25 74 \g\o celle fonti prirnarie e secondarie esportate.
% _ //‘ 00 Il consume interno lordo di energia
o 20 /e @\ elettrica & uguale alla produzione larda di
S - energia eleftrica pid il saldo scarmbi can
B 15+ I'estern.
5
&}

” o° o
1.0 6 Il consume finale di energia & dato dal

\Emsurro interno lordo di enargia
ba rrinuits del consurna del settore

$E8ESEE558888888888858 \() ! 10
T B B T s B e T e R A e B B B O VAR \ energetica; quest'ultimo include |e
Anno \:\O“ relative variazioni delle scorte.
- s\)mp La produzione lorda di energia elettrica
200 GO“ dli un insieme di impianti di generazione, in
(Q\J Ln deterrrinate periodo, 213 sormnma delle
e(\e quantita di enargia eettrica procitte,
misurate ai rmorsetti de generatori elettrid.
150
Population
p Consuma intarno lordo di energia eletirica
- Consumo intarno lordo di energia
100 Prodotto interno lordo ai prezzi di mercato

Pag. 8 1963 &7 M 75 ‘79 ‘83 87 ‘0 a5 09 2002 Popolazione residents 3 meta anna
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Electricity required and produced in ltaly

350.000+
300.0004
250.0004
200.000+

150.000
C|onsumi: complessivi 297.179,9 GWh; per abitante 4.896 kWh

Consumi per categoria di utilizzatori

100.000+

50.000+

0__| 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 I 1 1 1 —
A 19 11 19 N &P P &l @ o\ P o gl P N P P Sl ® AN AD D

Deficit Superi Nascondi M Richiesta M Produzione by TERNA:

U Consumption is about the twice in about 25 years.

U The energy produced is less than energy requirement
E The difference is filled bying energy from others countries

U Note 2008 crisis
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The cost of energy

U Question:

E Is a liter of gasoline cheap or expensive??
C 1.600 U /Aqe2021

E CHEAP!!

E How much are you willing to pay 0.5 liters of water??

¢ 1.00
c200/ L ¢ = ‘i‘
i More than gasoline!!!
<Y
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How muchener gy é
\

r habits
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How muchener gy é

0 Butitis NOT EASY to GIVE UP certain RIGHT-
BENEFITS!

E Are we willing to let our infants die??

E Are we willing to die at 50 years old??

E Are we willing to not get our kids in school?
E Are we willing to not have efficient hospitals?
E Are we willing to not have mobilephone?

E Are we willing to not have vacations?

E Are we willing to suffer cold in our homes?
C But hot, too?

U Energy IS NEEDED!!!
E Unless we are willing to go back in time 150 years!
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What energy source do we use?
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Gross electricity production (ltaly)

o
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Riepilogo Storico della Produzione di Energia in Halia

U Growing
exchange

U Hydropower is stable
since 1960

U Thermoelectric
power is growed

foreign

B ScambiEstero
OFotovoltaica
OEaolica
BTermonucleare
OGeotermoelettrica
BTermoeletirica

Oldroeletirica

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Anno

U Photovoltaic IS
relevant only from
2010
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History of electricity production in ltaly

U thermo-electric
remains the
main fraction

Riepilogo Storico Variazione Percentuale Fonti - talia

100%
90%
80%

0% A

B Scambi Estero
60% - O Fotovoltaica
OEolica

30% ~ B Termonucleare

O Geotermoelettrica

Percentuale

40% B Termoelettrica

Oldroelettrica

30% A

20%

10% A

0%

T T
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Fueli n hi storye

u 2 energy

Share of Global ary Energ

100% 18016 transitions
Traditional Biofuels* E from Wood
80% an; N to coal
. _ cemno
E From coal
o to Oil
her Renewables** & 01970
o @o.years E °70 years

A

20% /

0% . Q

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2016

Data Source: VaclavSmil (2017), Energy Transitions: Global and National Perspectives /__\
Notes: *Burning wood and other organic matter

**Wind, solar and modern biofuels Cr yS t(.bl
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EU: Electricity mix production by fuel (2017)

Mix di generazione UE elettrica per fonte U The electricity is produced mainly

L'Unione europea presenta un mix di generazione elettrica pivttosto diversificato

con nucleare, carbone e gas, le principali fonti energetiche. Nella termoelettrica, il us | N g
gas grazie a vantaggi ambientali ed efficienza potra sostituire la generazione da
fonti a maggior impatto ambientale, come il carbone. E Nuclear
Biom <
ol© Isse E Coal
< E Natural Gas
> %Y ¢ In the future, It will substitute the carbon
& %
2
S
s}
)
%
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Greenhouse effect and trend of terrestrial

temperatures
CONCENTRAZIONE DELLA CO2 IN ATMOSFERA E TEMPERATURA TO red uce C02
NEGLI ULTIMI 400.000 ANNI
(carotaggi presso ghiacciaio Vostok) emissions IS
Concentrazione della CO my,
= e equivalent to
: I‘ " f -
B W | L / reduce fossil
s B \ ou \ A YA r\f‘\ N ’l \ i\] 1
T & v Y 2 TR el B ‘ Wi i ( fuels!!
220 - ’\\. f‘-\l \ \J/V \ .‘.“ . / | Vi \ J. 'y' f-.,". b 'I -
e W e M E coal(©)
180 . " 4 _ _
160 L——————y S— - e = e e - EOlI(CnHm)
400 000 as0 000 300 000 2soooo 200 000 150 000 100 000 50 000 0 <
: ‘ E Natural Gas (CH,)
Variazione della temperatura rispetto al presente (°C)
4°C
zc | f , i
\ | | |/ L1
oc 1\ | I A 'l#
200 4 \ \ | "[. '\\ 'l "' j",l ., \r ’ }, f
4 | M, I VA v | m a' Ll ‘
LAYE AN . \ '.-'\ {1\ _i J '\l t." | _ [
£°C W \‘4' \-.-\.\ /‘./l,'. '., \‘ l'.'ll|ﬂ l"'g ."'f‘l‘v‘ '. . | “ ‘U i ” l| ’ “'lf ‘| l i .| h}ll‘ |
&C- bt T N Wy H %‘q"m
O g 1, S S — x S — ,
400 000 350 000 300 000 250 000 200 000 150000 100000 50000 0

Fonte: Petit ] -R., et al,, 1999. Climate and atmosphetic history of the past 420,000 years from the Vostokice core,
“pAntarctica. Nature. Vol. 399, p. 429-436.
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The age of Oil e

U We are living in the "age of oil"
E How there was the Copper, Bronze and Iron Ages
E When it ends, we will pass (forcibly) to another "age”

U "Unconventional" energies will have the upper hand

_i»mmma@ = ~
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Fueli n history &UIOREE 1 n t

U We Must Decrease

100% the Oil and Coal use

ZZ‘:‘“"“"" Blofuel 0 We need to increase
80% Crude Ol renewable  energy

Natural Gas pI‘Od UC'[iOH
60% Hydro E Electric

Nuclear 5 ]

Other Renewables u Wh | Ie . use Of
. V' Natural Gas

i E Transition
s \ 0 When???
N\ E Now!

C In the next 15 years
0%

[
»

f
1900 1920 1940 1960 1980 2000 2016 2060
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Where are we today?

Global share

-
T

o PR g 0 The energy transition path has
- I already begun
Glokal PV ‘*“"“E;‘a?zmx sdarpy W YD butt s

i auction price
fighs with uction price
Gapacity bt o bending 30U USDMA

Globs \
‘Wind capacity
E 80 usonawe @ ~115ew
~100¢ew -'Ii’ 20m n 2010 2008

Global renewabie

shiare in elecirioty 209&
Cist of battery
alectricity storage

540

LSCy/kwWh

U Started with the Kyoto Protocol
¢ 1997

ele:j icty storage
First solar
500t'|:usanc plane night
units

210 E And..
amund t'lewo'lu Ls::.-fkwh Tes Lmeus

. the benefits can already be
PARSAGREENENT — o £ observed

, EL ¢ but they are not sufficient
apy W0 \ Gty
D 31

00 = KEY BENEFITS OF THE ENERGY
o TRANSFORMATION

N coss e el et

Blectric 11’25 wision fior o

Instamed this vear
I/-—.: Gobal share

‘$, Lower renewable power costs
) ooty )

9 Increase energy access
mmmmmmmm EEEQ,;E[\:DE MW

Transition Dizlogue

@ Reduce emissions and air pollution

'-':I Tes, 2C1E-" :(5-
C'I IFEh.-! Cl ; {Elex
NE L A0S, (Clea ‘I' i

o sz,
it 3, 20MBY; (EC, 201Ba);
cz, EC'IE:; (LATA, ZONET ( EUEF 2018}

I Increase welfare and growth
([ = g
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Where are we going?

U The path taken is only at the beginning
E The actions taken so far are not enough...L

Annual energy-related CO: emissions, 2010-2050 (Gt/yr)

35 33 Gt in 2050

Buildings Electrification 1

30 L of heat and
Buildings transport w/RE: Renewable
Transport 36% energy and
75 electrification
- deliver 75%
oy
Transport Eé)éacet?gﬁglon Rﬁ?;ﬁle of emigsion
20 resulting 209 reductions
District Heat from the
REmap Case
E
15 ==
Power a“dzgt;‘,:rs'
10
REmap Case: 9.8 Gt in 2050
5
Industry

O—

2010 2015 2020 2025 2030 2035 2040 2045 2050
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Chronological curve of hourly powers in the hourly
year in the year 2010

by T:brna, 2&:)10

Gennaioc  Febbraio Marzo Aprile Maggio  Giugno Luglio Agosto Settembre Ottobre Novembre Dicembre
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Supply-demand match

U Electricity Supply and Demand MUST be BALANCED
E Difficult to store electricity!

BT I
| #8 | hitp:

vww.ternait/default.aspx?tabid=1024

Domanda Elettrica Nazionale®

Megawatt xjo0
£ &

\

36
= \
: \\
28 T S O i1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Previsione MW: 42.289 min/max : 28.847/44.959
EiConsuntivo Mw: 42,850 22-09-2011 @ 11:00
* fabbisogno nazionale composto per |'89% da rilevazioni in tempo reale e per il restante 11% da stime fuori linea,
,~

Andamento del fabbisogno di energia elettrica in tempo reale
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Main feature of the electrical system

U Electricity cannot be stored (on large scale)
E At all times, a perfect balance must be maintained between:
C Production (Generators, "Cyclists")
C Consumption/demand (Loads, "slope of the road")
U The demand is left free to vary "like-it-want"

E Generators must react instantly to adapt to load variation
C Sliding-Production

Pag. 29
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Demand-Supply curve

Zonadimercato: CMOR; NORD; AUST; CORS; FRAN; MFTY; SLOV; SVIZ; XFRA Mercato del Giorno Prima "e P . = _I: d b
Data: 05/07/2017 Ora: 12 " u rlce IS Orl I Ie y
Giorno: Mese: Anno: QOra:
{(€/MWh) as v Luglio r 2017 ¥ 12 v I
an00] : the lneetlng of the
so0
prezzi zona: NOId Su pp y an
450 prezzo di vendita acquisti vendite
(€/MWh) (MWh) (MWh)
400 51,94 25.484,36 | 22.355,05 el I lan Cu rve
350 Transiti zonali .
i transito h d d
« wew e (] The demand curve
AUST 10.000,00 Q0,00 . .
250 CNOR 1.100,00 779,09 f d
FRAN 10.000,00 Q0,00 IS IXe
200 MFTV 10.000,00 Q0,00 -
SLOV 10.000,00 00,00 E I ! |m 1 |
150 SVIZ 10.000,00 00,00 tS a OSt Vertlca
100 Zona: nord
_— transito
=0 a limite (MWh) (MWh)
J_,J"'J’ E AUST 10.000,00 -237,00
Iilwh CMOR 3.600,00 Q0,00
6100 12200 18300 24400 30500 36600 42700 48300 54900 61000 ) FRAN 10.000,00 -289,22
» Quantitd in vendita accettate (26248,223 Muh) MFTV 10.000,00 00,00
= Quantitd in acquisto accettate (30645,223 MWh) SLOWV 10.000,00 620,00
SVIZ 10.000,00 -2.444,00
Torna alla cartina -
LEGENDA
AUST BRNN CNOR COAC CORS CSuUD FOGN FRAN GREC MALT XFRA
Austria Brindisi Centro Nord |Corsica Ac | Corsica Centro Sud |Foagia Francia Grecia Malta Ic:::il::lcilgg“
MFTV NORD PRGP ROSN SARD SICI SLOV SuUD SVIiZ BSP XAUS
Monfalcone |Mord Priolo G. Rossano Sardegna |Sicilia Slovenia Sud Svizzera Slovelnlax Austr!a N
coupling coupling

* Zona rapprasantativa dell'interconnassione dedicata al market coupling tra Italia e Slovenia/Francia/Austriz
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The "gasoline" of the solar panels is not
predictable!!

09-01-2020 e =
i 00 sor1wm U WiNter-Day
Lol ] E Only 6-7 h, peak: 400.W/m?
. EEE E C What's happen if we want a pizza for
% s00 dinner??!!
400 :
200 U Summer-Day
D L] l ; Zli -|1. ; 1|E- :' lll *.Ill ll-:' 1|1 1|2 1|] ll:'l 1|5 llﬁ 1|'|‘ llE 1|9 2|-:' 2|1 ZIE le ll E 11 h’ peak 900 W/m2
ora solare - , ,
— Radiazione globale — Radiazione diffusa E Bute aouple of coulds thaté
POLO SCIENTIFICO _(LAMMA), SESTO FIORENTINO (FIRENZE)
09-08-2019 09-07-2019

Radlazione
0.0 853.3 w/m?

Radiazione

0.0 9260.0 w/m?

1200 — 1200 —
1100 — 1100 —
1000 — 1000 —
900 —| 900 —|
BO0 —| BO0 —|
n. Joo — r Joo —
E soo E soo
= 500 = 500
400 — 400 —
300 — 300 —
200 - 200 -
100 — 100 —
o T T T T T T T T T T T T T T T T T T T 1T T T o I I —

o 1 2 3 4 5 & 7T B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 213 O

ora solare
— Radiazione globale —— Radiazione diffusa
_ POLO_SCIENTIFICO_(LAMMA), SESTO FIORENTINO (FIRENZE)
Pag. 31
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ora solare

— Radiazione globale —— Radiazione diffusa
_ POLO_SCIENTIFICO_(LAMMA), SESTO FIORENTINO (FIRENZE)
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If we install manyand manys ol ar panel

Zona: Italia

Prezzo Energia Elettrica

U Needless to install a lot of solar panels s
E None of these produce energy for me at night — ©  foer e Mercato sletiico

30

£/MWh

20

N+

1 2 3 4 56 7 8 9 101112 1314 15 1617 18 19 20 21 22 23 24
Ora

S oSEES SO mmm s X T T %
jEms=s EEEESSERCS BEERRERuE A : S S = SANSSSSSSS i del giorno: 20/04/2020

Zona: Italia

U The price is already low during the day ,

o

E Sunny-Day: problem between 20:00-22:00 .  Prezzo Energia Elettrica

il 20 Aprile 2020 (giorno piovoso)

E Cloudy-Day: problem between 10:00-13:00 fonte: GME -Mercato elettico

1 2 3 4 56 7 8 9 1011121314 151617 18 19 20 21 22 23 24
Ora
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Growth of photovoltaic systems and their effects

LA CRESCITA E | RISULTATI U After 2011, the average size of the
plants decreased
E Around 8-9 kW
C Domestic plants
U Since 2014, despite new plants, the
annual production does NOT
Increase!

E In this configuration, NO to incentivize
solar panel!

B Taglia media degli impianti (kW)

—®— Produzione annuale degli impianti fotovoltaici in Itz

60 30.000

20.000

10.000

0
2009 2011 2013 2015 2017
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Wind Energy - Non-programmability!

U Wind production is not programmable
E Great variation during the day and between different days.

6,000

5,000

4,000 -

MW

3,000

2,000

1,000

Fonte CAISO Report of Integration of Renewable Resources 2010

1 2 3 4 5 5] 7 8 9 1o 11 12 12 14 15 16 17 18 19 20 21 22 23 24

Hour

C Wind power from 2005 to 2012 for many days in California.
I Each color represents a different day, while the thick line is the monthly average

E for example: Fixing at 10:00 am, one day the power is 100.MW and another
day it is 3'800. MW

Pag. 34 cC 328 time< laraer
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Current limitations

U The demand is fixed
E Power generation MUST follow the demand

U Limits of renewable energy

E They are "Non-programmable" energies
C Solar panels work ONLY with daylight (and sunny)
C 'Wind turbines' work ONLY in the presence of wind

E Without particular climatic conditions, the power systems stop!
C Electricity is not produced!
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But then?

A | need a lot of (low-cost) energy

A 1 cannot emit CO,
A Fossil fuels cannot be used

A | have to follow the electrical load
A Programmable power plants are necessary

A Thermodynamic power plant are perfect
A But they use Fossil fuel L
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Requirement needs
Much ENERGY

- </ > -

Carbon free Low Cost
(No CO, emission)

i Thermodynamic Power Plant
i Nuclear

i Renevable energy

.

|

Biomass

Qcen Energy
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Declaration of intents for 2030 and for 2050

U In 2050, 80% of energy should be carbon-free

U In 2030, 30% of energy should be carbon-free

E Energy Transition!
C The "Oil Age" is finishing!

Figura 1. Consumo interno lordo di energia

1639 Mtoe 1395 Mtoe 1255 Mtoe 1178 Mtoe 1239 Mtoe 1192 Mtoe
mm uso non energetico di 100%
combustibili fossili
m solidi S0%
80%
= liquidi fossili
70%
I gas naturale
60%
mm nucleare
50%
mm e-fuel liquidi 40%
e-fuel gassosi 30%
I energie rinnovabili 20
10%
0%
2016 2030 2050 2050 2050 2050
Riferimento Md dgl Llldi Md a degli
aml scel «1,5°C»
al di sctto |:Ii intermediu ( mlssmm
2 °Ca (-80% pari a zero)
di emissioni)
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Electricity production

U How to increase the percentage
of electricity produced from
renewable sources?

Electricity generation (TWh/yr) POWER E |ncreasing renewable energy plants
60000 C Buté it is not sufficient!
50000 E But also it needs:
C Develop transmission networks
40000 Generation: C Manage Enel’gy demand
« Wind, * Solar, » Biomass, .
20000 + Hydropower, + Others". C Take advantage sources that allow
Infrastructure and operation: ﬂ eX| b| | |ty
+ Power grids extension, -
20000 + Reinforcement of existing lines, C Energy StOrage
» Enhanced equipment deployment,
« Electricity storage, * Smart meters.
10000
0

—
2016 REmap Case 2050
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Problems and solutions

Problems Solution

U Too much energy consumed U Energy saving

E To decrese energy loss
E To Increase efficiency conversion

U Time shifting between U Energy Storage
Demand and Production E Hydraulic pumping plant

E Batte
Demand management
0 «Oneway» energy flow U Sector coupling
E End user and energy system

U Fixed energy demand U
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Smart City
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Demand managment

U Residential
E Demand (Loads) can be managed ‘“intelligently"

(smart)
I ¢ Smart meters that decide when to start appliances
f;.:::;m | . I The user imposes a time range to start or finish the
£§‘= ra ! operation
> ™ . V b » i.e. washing machine can start from 22:00 to 8:00

Controller

» because at 8:00 | want dry them
» A computer matches demand with supply (Al)
» The wheater forecast is fundamental!

C Storage systems in homes

I Electric cars can supply energy overnight
» They recharge power when you arrive in the office!
» Application of sector coupling

e

E Domotic!
¢ Home automation

E Load shifting!
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Who are PRO-SUMER?

U Consumers (us) become an active part of the system
E we are not more only CONSUMER

E We produce energy, too!
C Thus, we consume, produce, store and sell energy!

E A new figure PROSUMER
¢ PROducer + conSUMER

CONSUMER 4 PROSUMER
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SMART CITY CONCEPT

U The concept of Smart City was born in 2009, in Rio de Janeiro
E Plan aimed at improving the quality of life of citizens
E To optimize waste management
E Limit energy waste

E Use of technological innovation

U ltisdefinedni nt el Inis gna ihd ciypthat would emulate the
proposed project in Rio de Janeiro.
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"Smart" introduced in the European Union as part of
the "Horizon 2020" program

U Smart city as a place having the following 6 dimensions:

Smart mobility,

Smart economy,

Smart life, SwnsGel
Smart citizens, '
Smart intelligent,

Smart environment. Smart Moblity Open Dvta

© @ © ©O

_—
—

Smart Agriculture nternet of Things

L o

.))

. ))

.))
)
)

. ))

Smart Economy
g Smart Energy
. Smart Mobility

_—

—

| Smart Governance
a Smart Living

Smart Environment

* UMM
SN

TN
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ICT

Smart Grid & Demand
response

Electric vehicle
infrasture

Distributed generation
Integration system

Consumption
visualization &
Behavior change

Renewable energy &
Co-Generation of
y and heat

electricit

Intelligent
transportation &
Smart parking

Congestion solution &
Tolling system

Public franspoit
system information
sharing

Private care and
public transport
resources sharing

LOwW emission vehicies
& New public transport
system

Smart Buildings

Household, building
and energy
management systems

Smaﬂ watar m’e‘t_ers Safety & security
Smart home

entertainment and
communications

Distribution network
control, leak deatection,
GIs

eGovamment

Smart consumer
appliances and
devices

Remote social
infrastructure (health,
education)

Rain storm and flcod
managemenl!

Consumption
visualizalion &
Behavior change

: P2P room-sharing
Smart city Apps
yOPP platform
Energy efficient building
design & refurbishment of
old buildings

New purification

methods Green hospitals
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Smart-Grid

u A ‘"smart-grid* electricity grid
connects producers and consumers
E It use a network of information

U What do it DO?é

E Retrieve information from Smart-meters,
vehicles and all products and tools

. connected to users
Smart Grid

X = C Smart-meter not only for prosumer
S :}\ :::::’;;; C In real time
N = — ¢ Using 5G
Ff;“'»‘;;,_ “ : B § ‘355:‘.:;;-. . a — - - .
1404 : Eb w2 =, E Rationalizes energy consumption and
L '8 ) { “& S s ) -
gl ... S, generation

C demand-supply match!
E Efficient distribution energy
C_Avoiding overloads and voltage variations.

Via
&y
i

gl | "'14(:']'yf_f":iu;;fl§ €§§> §§§
ATT TeF)  Pelet

N
ol

e Porwer Plant
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Oltre il 2050

U Production from distributed energy sources introduce blockchain
transactions between ProSumer
E Peer-to-Peer (P2P) energy trading
C There are not more intermediary
C It permits the transition to a real decentralized system
E This system already exists
C "Brooklyn MicroGrid"
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Strengthening transmission networks

U Link between production and
consuming

U Keyword: INFRASTRUCTURE!

E Example: Germany

C Offshore wind power generation in the
North Sea

C Energy consumption in factories in the S .
South = Transm ission lines (= 10 GW)

»e . . . O Yearlyénergy(=50Tth)
U To permite between neighbouring
countries
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Energy STORAGE and Hydrogen
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Energy Storage Technologies

Segmentation of electrical energy storage

U Energy criteria
E Specific Energy
¢ kJ/kg or kJ/m3

| E Peak Power
T, .. C kW/kg

© Siemens AG 2014 All rights reserved.

Seconds  Minutes Hours Days Weeks
>

Capacity
10 GW
E Size
Geographical .
100 MW Compressed air capacity constraints Hydrogen storage’ C kW
10 MW = : ;
E Discharge time at rated power
1MW A
C hours
100 kW £
5
10 kW E
Super
1kW | capacitor
Minute Hour Day Week Season

Discharge duration
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Energy storage

U The progressive decrease in the costs of

Lithium-ion battery pack price (real 2018 $/kWh)

storage systems is making electricity = '

'I,ZODA

storage costs competitive

800

U For storage in homes

pric $94/kWh price $62/kWh

o ] 400 A
E For the construction of real storage plants La .,--___\___ \

Source: BloombergNEF
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Energy Storage: Power-to-X

U Power-to-X
E Excess energy produced from renewable sources at peak times of
production is converted to X
E For example: hydrogen: P2H2

C Hydrogen (in molecular form, from water) can then be:
I Stored
I Introduced into the gas distribution grid

Offshore Green electricity Safely Zero carbon Burning hydrogen does not produce
wind produces hydrogen stored | heating for homes CO.I
2-
//l\\ o 5000

>N\

Power +
{02 I leI

., J

Transported

through network
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Hydrogen e Sector-Coupling

Renewable
| energy sources

I
4|

Local
electricty grid

Injection into the
natural gas system

Business and
industry

Hydrogen
storage

o

Supply from the
natural gas system Electricity charging
and hydrogen

filling station
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The hydrogen supply chain

ELECTRICITY
>
(48]
I i %%A
) = B Q — :.'!' :: viation
o O KA ==
By-product Biomass- Imported Re-
based hydrogen electrification Heavy-duty
hydrogen (Power-to-Power)
POWER BUILDINGS oT Y
oo ” J‘ J Fuel-cell
ai lectric
= — @ 5 e
= Co, (CC) 1 TRANSPORT ~ Vehicles
Renewable Electrolyser 1 —
SiaetHcty | | INDUSTRY 525

o R OE W | e

O Storage Methanation Blending
(salt caverns, [ e § e | E
- storage tanks) l l == “ 1S
S— ®) Y High-grade Industry
Grid heat feedstock Shipping
Gas grid (>650°C)
Kahoot #10

Pag. 58



UNIVERSITA | DIEF
DEGLI STUDI | pipartimento di

F [ RE N Z E Ingegneria Industriale

Italy and Hydrogen

SNAM: PER LA PRIMA VOLTA IN EUROPA FORNITURA DI

procmoetoncemaiesurereormasissones ([ April 2019, SNAM Injected a Natural Gas-

pe=
01 01 aprile 2019 - 14:20 CEST
e naturale, ret

ol

E 5% in volume

ol

E First time in Europe
E "Blending"

01 aprile 2019 - 11:00 CEST

TAGS idrogeno, cambiamento climatico

01

APR fonte: snam.it

Snam ha avviato la sperimentazione dell'immissione di una miscela di idrogeno al 5% in volume e gas naturale nella rete di trasporto
gas italiana. La sperimentazione, prima di questo genere in Europa, ha luogo a Contursi Terme e prevede la fornitura di H2NG (miscela
di idrogeno e gas) a due imprese industriali della zona.

“ La prima iniezione di idrogeno in Europa in una rete di trasporto con Fornitura diretta a clienti industriali— ha dichiarato 'AD Snam
Marco Alvera — proietta Snam e il nostro Paese nel futuro dell’energia pulita. | gas rinnovabili come l'idrogeno green e il biometano,
infatti, avranno un ruolo centrale nel mix energetico decarbonizzato oltre il 2050 insieme alle fonti rinnovabili tradizionali’.
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The prospects of hydrogen in Germany (May 2020)

14 May 2020, 14:03 Soren Amelang

\ g od Germany's gas grid operators present
; i concept for 2030 green hydrogen grid
#Gas .
U For 2030, hydrogen grid
Clean Energy Wire o
E 1200 km
e E Using the existing natural gas
) %, Leipzig ° g rl d
: E Group's director says:
. I "This would create a completely
K new energy network in
B8 e Germany on the basis of the
Y existing natural gas network,
giving industries such as steel
N or chemicals the opportunity to
Rotchen SR s become climate neutral"

Initial H2 2030 grid in blue; later additions of "visionary grid" in green
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New Infrastructure

= o
Vrnana,
. LT -
[ / A
: Amsterdam
L]
(S

- H, pipelines by conversion of
existing natural gas pipelines

Newly constructed H, pipelines
== Possible additional routes

Countries within scope of study

Countries beyond scope of study

A Potential H, storage:
existing / new
salt cavern

Gijén
 —
. .( Bilbao
—e

4’5/

Corufia
@ Potential H, storage: /
Aquifer
Potential H, storage:
Depleted field
® Industrial cluster
* City, for
orientation
purposes
(if not indicated
as cluster already)

https://gasforclimate2050.eu/ehb/
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Europé€an Hydrogen Backbone initiative 2020
supported by Guidehouse

U Pipeline
E 6800 km for 2030
E 23000 km for 2040

E Investment:
C 027-64 billion, for the
2040 infrastructure
E Cost of transport:

C 00.09-0.17 per kg of
hydrogen, per 1,000 km
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The colors of hydrogen

U A color can be associate In base of
production

E GREY hydrogen
C From fossil fuel
I with CO2 emissions
E BLUE hydrogen

C From fossil fuel

I Without CO2 emissions
» CO2 capture (andé stored!)

E VIOLET hydrogen

C Elettrolizers use electric electrolyzers use
electricity from nuclear Plant

E GREEN hydrogen

Research for Future,Jay Bartlett and Alan Krupnick, 2020 C E|eC'[I‘0|yzerS use e|ectl’iCity renewable En ergy
I Solare ed eolica ad esempio

e T v A
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