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0. INTRODUZIONE, CLASSIFICAZIONE DELLE MACCHINE
Generalita, classificazione e criteri di studio.

1. ELEMENTI DI TERMOFLUIDODINAMICA DELLE MACCHINE
1.1 Richiami e complementi di termodinamica e di gasdinamica
1.2 Teoria monodimensionale delle turbomacchine

2. LE MACCHINE OPERATRICI IDRAULICHE E TERMICHE

2.1 Turbomacchine operatrici

2.1 Regolazione delle macchine operatrici

2.2 Pompe, i ventilatori e i compressori

Programma del Corso 221 Pompe
Macchine 2.2.2 Ventilatori

2.2.3 Compressori

3. LE MACCHINE MOTRICI IDRAULICHE E TERMICHE
3.1 Turbine idrauliche

3.2 Combustione e inquinamento

3.3 Turbomacchine motrici termiche

3.3.1 Turbine termiche

3.3.2 Macchine a vapore

3.3.3 Turbine a gas

3.3.4 Cicli combinati e cogenerazione

3.4 Motori alternativi a combustione interna

3.4.1 Principi e aspetti funzionali di base

3.5 Cenni all’utilizzo dell’idrogeno nella transizione energtica
4. COMPLEMENTI DI MACCHINE MARINE

4.1 Generalita sui sistemi propulsivi navali

4.1 Macchine a vapore per la propulsione marina
4.2 Turbine a gas per la propulsione marina

4.3 Motori per la propulsione marina



Domanda di energia mondiale

Figure 67. Growth in world electric power

generation and total energy consumption,
1990-2035 (index, 1990 = 1)
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i Domanda di energia mondiale

World energy consumption increases for fuels other than coal
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Source: EIA, International Energy Outlook 2018

https://www.eia.gov/beta/international/




i Where does electricity come from?

world electricity generation by fuel
billion kilowatthours
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i Where does ENERGY come from (1973)

World Energy Supply by Fuel
1973 - 2009




| Iniziamo con un messaggio di ottimismo

il mondo ha piu risorse energetiche ogqi
di quante ne abbia mai avute nel passato

World Energy Resources
2013 Survey: Summary




Iniziamo con un messaggio di ottimismo

il mondo ha piu risorse energetiche ogqi
di quante ne abbia mai avute nel passato

World Energy Resources
2013 Survey: Summary

Dobbiamo essere grati ai combustibili fossili: sono stati, sono e
continueranno per molti decenni a essere il principale motore
propulsivo dello sviluppo. | progressi tecnologici nel loro utilizzo sono
stati formidabili, sia in termini energetici, sia, ancora di piu, in termini
ambientali.




Europe’s electricity providers face an existential threat

Oct 12th 2013 | From the print edition

The
Economist

Bill Butcher

ON JUNE 16th something very peculiar happened in Germany’s electricity market. The wholesale price of electricity fell to
minus €100 per megawatt hour (MWh). That is, generating companies were having to pay the managers of the grid to take
their electricity. It was a bright, breezy Sunday. Demand was low. Between 2pm and 3pm, solar and wind generators produced
28.9 gigawatts (GW) of power, more than half the total. The grid at that time could not cope with more than 45GW without
becoming unstable. At the peak, total generation was over 51GW, so prices went negative to encourage cutbacks and protect
the grid from overloading.....
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Andando verso la base del triangolo le risorse

aumentano
.f-h\
Risorse v N\ Bassi costi di
convenzionali ’,r’ b, produzione
£ \\

/ High medium®,
y quality oil/gas

11



Andando verso la base del triangolo le risorse
aumentano

Risorse A, Bassi costi di
convenzionali S/ \ produzione
/ 9
High medium®,
y quality oil/gas
t!'

/

Alti costi di
produzione

Risorse non
convenzionali

12



Le risorse di idrocarburi sono enormi: si inizia a non
parlare piu di picco del petrolio

° 2010 World oil consumption =
32.3 billions barrel

World cumulative consumption
i

World remaining proven reserves

@

I

70% in the Middle East

Recoverable resources

i34

1

70% in the U.S., Canada
and Venezuela i

OIL IN PLACE OIL IN I{'LACE
unconventional * conventional *

[Leonardo Maugeri. Harward
Kennedy School]
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China accounts for more than 40 percent of the global
net increase in nuclear capacity

world nuclear electricity generating capacity, 2010 and 2040
gigawatts
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OECD

L'Organizzazione per la cooperazione e lo sviluppo economico (OCSE)
(in inglese Organisation for Economic Co-operation and

Development (OECD); in francese Organisation de coopération et de
développement économiques (OCDE)) € un'organizzazione
iInternazionale di studi economici per i paesi membri, paesi sviluppati aventi
in comune un sistema di governo di tipo democratico ed un‘economia di
mercato. L'organizzazione svolge prevalentemente un ruolo di assemblea
consultiva che consente un'occasione di confronto delle esperienze
politiche, per la risoluzione dei problemi comuni, l'identificazione di pratiche
commerciali ed il coordinamento deIIe politiche locali ed internazionali dei
paesi membril. ; '
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By 2040, China’s energy use will be double the U.S. level; India’s a little
more than half despite its faster GDP growth

energy consumption by selected country
quadrillion Btu
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Energy mix over time

world energy consumption by fuel
quadrillion Btu
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U.S. energy consumption by source and sector, 2021

quadrillion British thermal units (Btu)

source®

percentage of sources

end-use sector¢

percentage of sectors

petroleum
35.1
(36%)

natural gas
31.3
(32%)

renewable energy
12.2 (12%)

S0
4%

259
(35%)

residential
11.6 (16%)

commercial
9.1 (12%)

total = 73.5

quadrillion Btu
electric power sector®
et = electricity retail sales
1(8% A
i), 12.9 (35%)
total = 97.3
quadrillion Btu
-
total = 36.7 quadillion Btu cla

Sources: U.S. Energy Information Administration (EIA), Monthly Energy Review (April
2022), Tables 1.3 and 2.1-2.6.

Note: Sum of components may not equal total due to independent rounding. All source
and end-use sector consumption data include other energy losses from energy use,
transformation, and distribution not separately identified. See “Extended Chart Notes"
on next page.

* Primary energy consumption. Each energy source is measured in different physical
units and converted to common British thermal units (Btu). See EIA's Monthly Energy
Review (MER), Appendix A. Noncombustible renewable energy sources are converted
to Btu using the “Fossil Fuel Equivalency Approach”, see MER Appendix E.

® The electric power sector includes electricity-only and combined-heat-and-power (CHP)
plants whose primary business is to sell electricity, or electricity and heat, to the public.
Energy consumed by these plants reflects the approximate heat rates for electricity in MER
Appendix A. The total includes the heat content of are electricity net imports, not shown
separately. Electrical system energy losses calculated as the primary energy consumed by
the electric power sector minus the heat content of electricity retail sales. See Note 1,
"Electrical System Energy Losses,” at the end of MER Section 2.

< End-use sector consumption of primary energy and electricity retail sales, excluding
electrical system energy losses from electricity retail sales. Industrial and commercial
sectors consumption includes primary energy consumption by CHP and electricity-only
plants contained within the sector.
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Scenario planning and Shale gas revolution

« History of shale gas production Top rmhaldm
* Resources concentrated and '
close to market

= Private land ownership

* Highly developed supply chain
infrastructure

Tcm

* Small and fragmented
resources

« Insufficient supply chain and
difficult access to market

* Land ownership
= Environmental opposition

*« Limited experience
* Distance to market
* Pipeline reach

* Population density
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Source: Reuters, Woodmackenzie
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Shale gas

Schematic geology of natural gas resources

o o

Conventional \r’/

ﬁnn-asésan;uatad Coalbed methane

Conventional
associated
gas

E

Sandstone ght sand —&
gas

s 5. Energy (3as-rich shale
@) Informalion
Adminstration



The evolution of shale gas

First extraction in Fredenia, NY, in shallow low-pressure fractures

First field-scale development of shale gas (Ohio Shale, Kentucky,
Antrim Shale, Michigan)

Hydraulic Fracturing becomes commercially viable (> 1 million wells)

First patent for directional drilling
First demonstration of massive hydraulic fracturing

A Horizontal drilling becomes commercially viable
havd i/ First large-scale hydraulic fracturing on shale well (Barnett, TX)

First horizontal shale gas well with hydraulic fracturing (Barmett TX)

Shale gas production takes off

In 2012 US shale gas production alone ranks third glebally, after US and Russia

—Hrom-Degiovanni ENI]
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The shale gas phenomenon was unforseen

The US expected a sharp decline in domestic gas production and LNG imports were the only solution
to cope with gas demand
Many I0Cs invested in the LNG chain as a result of increasing US gas demand forecasts
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Today the US could have been the second largest LNG importing country after Japan
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Shale gas is reshaping US gas market

US Gas Production & Consumption
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Andamento costi combustibile
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i Andamento costi combustibile

Figure 9.3 Cost of Fossil-Fuel Receipts at Electric Generating Plants

(Dolirs® par Kilhon Biu, Including Taoes)
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* Link

s Per esempio

= https://tradingeconomics.com/commaodity/coal
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ECONOMICS Calendar News MarketSv

Coal 2022 Data -2

Summary  Forecast Stats Download ~  Aleris

Coal (USD/T) 418.75 +179.75 (+75.21%)
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Evolution of road passenger transport activity in
selected countries in early 2020- covid

Year-on-year % of change
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Evolution of road passenger transport activity in selected
countries in early 2020- covid

Dashed line represents periods of full lockdown
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Change in monthly oil demand in selected countries, 2020 relative
to 2019

Change in monthly oil demand in selected countries, 2020 relative to 2019 Open &
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Change in CO2 emissions by fuel, 1990-2020

Download chart + Cite  Share

Gt CO2
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* Electricity production

Heat
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Electricity production

.. from heat to steam

Heat bails water

creating high-pressure
Fossil fuel is burned ol

steam
ta release heat
S
::'F T Steam forces
-.:fi‘ turbine blades
to spin
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Electricity production

.. from steam to
electricity

Heat hoils water Shaft drives Electric power
. . creating high-pressure generator released from
Fossil fuel is burned e
steam spInning magnet
to release heat ; :
i in generator coil
L Stearmn forees
-.3}_‘1 turbine blades
i to spin e .
o 8
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Electricity production

Heat boils water Shaft drives Electric power
. . creating high-pressure generator released from
Fossil fuel is burned s
steam spinning magnet
to release heat : :
in generator coil
SEFE
1{-5_4—# Steam forcas
.-."*.5{ turbine blades .
] :‘_ji‘:_.: to spin @ -
(o i

Exhaust steam is cocled,
condensed to water in
radiator using cooling water

"
 Pump returns o
i T
water to boiler

AN

Same principle for
> nuclear as well!
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Combined cycle

. .. Airintake Exhaust
Electricity Fuel

‘ l * Heat recovery boiler | | Exhaust duct
- - [':.:l]
'-'.'—-—

. (}enerator Speed reducer Gas turbine
Electricity

-

Water supply

Generator Speed reducer Steam turbine
Condenser Water supply tank




Rendimento elettrico, %

Impianti di generazione
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