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World population 
grows … 

http://www.units.it/
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The global risks landscape

• Reviving economic growth 
(Economic)

• Reforming market capitalism 
(Economic)

• Facing up the importance of identity 
and community (societal)

• Managing technological change 
(technological)

• Protect and strengthen our system of 
global cooperation (geopolitical) 

• Environmental related risk 
(environmental) 

http://www.units.it/
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Source: The Global Risks 
Report 2021 16th Edition

http://www.units.it/
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Global risks network: what drives 

global risks?

Outer Arc = Drivers
Inner Arc = Risks

http://www.units.it/
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Evolving risks landscape 

• Evoluzione dei rischi per probabilità

http://www.units.it/
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Evolving risks landscape 

• Evoluzione dei rischi per imaptto

http://www.units.it/
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John Beddington’s perfect storm

http://www.units.it/
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4 World Wide Emergencies

FOODENVIRONMENT

WATERENERGY

Richard E. Smalley, Nobel Laureate, 
Chemistry, 1996, MRS Bulletin, June 
2005

http://www.units.it/
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Timeline: the weathermen 

• 1824 - Jean Baptiste Joseph Fourier predicts 

greenhouse effect.

• 1896 - Svante Arrhenius calculatres that greenhouse 

effect will lead to the global warming. 

• 1938 - Guy Stewart Callendar first scientific proof of 

global warming.

• 1957 - Roger Revelle much less CO2 is adsorbed by 

oceans.

• 1958 - Charles David Keeling Mauna Loa 

measurements. 

• 1998 - Michael Mann, et al., hockey stick‘ graph.

• 2007 – IPCC human responsibility of CO2 growth is 90%. 

• 2013 – IPCC human responsibility of CO2 growth is 95%. 

http://www.units.it/
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http://www.units.it/
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http://www.units.it/
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UN 17 SDG: Italy reached only 12 

of the 105 targets!

http://www.units.it/
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Mtoe/anno

1912
~ 1 TW

A pioneer …. (an Hero !!!)

http://www.units.it/
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G. Ciamician, Science 1912

http://www.units.it/
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1 Mtoe/year  ~ 1.3GW

Energy used

Mtoe

WWII

12.3 TW

In 2000 about 12 TW
Total energy supply (TES) by source, World 1990-2018;      2018= 19TW

http://www.units.it/
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Primary energy consumption 

from 1990 to 2040

24 TW

http://www.units.it/
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Source: IEO2010 see EIA Home Page 
(http://www.eia.gov/oiaf/ieo/index.html)

Data in  QUAD. 1 QUAD (quadrillion BTU) 
= 1.055 EJ (10 E18 J) = 0.033 TW

In 2009: 474 exajoules (474×1018 J) 
equivalent to a 15 TW h/y

Energy produced

http://www.units.it/
http://www.eia.gov/oiaf/ieo/index.html
http://en.wikipedia.org/wiki/Joule
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Source: The Outlook for energy: a view of 2040, Exxon

100 quad = 3.33 TW

http://www.units.it/
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2010    474  exaJ =  15,000,000,000,000  Wh => 17 TW

2030  23 TW  ;  2058  32 TW

http://www.units.it/
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Fossil fuels production: projection

http://www.units.it/
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Energetic transitions

http://www.units.it/
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C.A.S.Hall, J.W.Day Jr.,
“Revisiting the Limits to 
Growth After Peak Oil”,
Am. Sci. 97 (2009) 230 

Energy return on energy invested 

(EROEI)

Production 

Process
Raw 

Materials
Waste
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Comparison of EROEI 

Power Source EROEI(actual)

Hydro 50, 43 and 205

Nuclear (centrifuge) 18.1, 18.4, 14.5, 13.6 and 14.8

Nuclear (diffusion) 6.0, 6.7, 5.8, 7.9, 5.3, 5.6 and 3.9

Coal 12.2, 7.4, 7.32, 3.4 and 14.2

Gas (piped) 16

Gas (piped a lot or liquefied) 3.4, 3.76 and 4

Solar 10.6

Solar PV 12-10, 7.5 and 3.7

Wind 12, 6, 34, 80 and 50

Source: The 
World Nuclear 
Association, 
2011

Source: Energy Sources: Energy 
Return on Energy Invested 
(ERoEI) — A Worthy Concept 
Difficult to Calculate
by S. Tom Bond on December 1, 
2015

http://www.units.it/
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EROEI: King et al. 2018

Source: King et al, 
Nature Energy, 
2018

http://www.units.it/
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ESOEI: energy stored on energy 

invested 

• ESOI - energy stored on energy invested 

– includes energy storage, 

– An answer to criticism of non-continuity of renewables 

http://www.units.it/
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CO2 Carbon capture and storage

(CCS)

• adsfvdsf

http://www.units.it/
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CCS is a chemical process

• Process simulation

• CO2 transport

• Material and 

energy 

balances

MEA HPC

Blower (B-101) 20,945 kWe FG compressor (K-101 + 

K-102)

93,798 kWe

Pump (P-101) 373 kWe Pumps (P-101+P-102) 1441 kWe

CO2 compressor (K-201) 12,785 kWe CO2 compressor (K-201) 15,931 kWe

Booster pump (P-201) 267 kWe Booster pump (P-201) 268 kWe

Total auxiliaries 34,370 kWe Total auxiliaries 111,438 kWe

Reboiler duty (C-102) 248,445 kWth Reboiler duty (C-102) 129,241 kWth

89,440 kWe 46,527 kWe

Total (auxiliaries + 

reboiler)

123,810 kWe Total (auxiliaries + 

reboiler)

157,965 kWe

http://www.units.it/
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Information to be transferred to 

indicator calculations

• From Process simulation SW

MEA HPC EROEI LCOE LCA

Installed capacity (Pinst) kWe 564,700 564,700 x x x

Energy for auxiliarya % 7.8 21.4 x x

Thermal energyb % 84.2 91.75 x x

Net power output (P) kWe 431,431 397,266 x x x

Total plant cost (TPC) € 246,610,100

(CCS only)

522,848,300

(CCS only)

x

576,394,900

(CCS+NGCC)

852,663,100

(CCS+NGCC)

x

Share of investment costs due to 

operation and maintenance (so&m)

% 12.4 13.15 x

Fixed operation and 

maintenance costs (FO&MC)

€/kW/year 67.28 143.18 x

Variable operation and 

maintenance costs (VO&MC), 

cf = 0.4

€/kWh 0.020 0.030 x

Variable operation and 

maintenance costs (VO&MC) 

cf = 0.85

€/kWh 0.009 0.014 x

Total amount of solventc kg 53,317,213 9,691,908 x

http://www.units.it/
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Calculation of EROEI

• EROEI = Eout / Ein

• Eout = P cf L
– P is the net power output

– L is the plant life time (in years)

– cf is the capacity factor for the 
energy production 

• Ein = Ecap + Eo&m + Ef

• Ecap= P e = (P TPC) / ( P ec)
– TPC is the total plant cost

– 𝜀𝑐 is the proportional factor between costs of energy and capital costs

• Eo&m = P e L so&m

– so&m is the share of the investment costs dedicated to operation and 
maintenance

– ranging from 4% to 20% according to the different technology

• Ef = (P cf L) / (η EROEIfuel)
– η is the global efficiency of the energy production plant

– EROEIfuel is energy related to the production of the fuels, its extraction, 
intermediate storage, refining and transportation to the location of the plant 

http://www.units.it/
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Sgouridis et al. 2019 – Nature Energy

http://www.units.it/
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EROEI: King et al. 2018

Fonte : King et al, 
Nature Energy, 
2018

http://www.units.it/
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From EROEI to EROC

• Net energy per 

tons of CO2

• Shows the 

performance of 

energetic sources 

subject to the 

constraints of 

climate change

Ratio of the net potential energy produced and carbon emissions

EROC = [(1 – 1/EROI)/(carbon emission factor)]  

http://www.units.it/
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Economics of PV. Grid parity is 

reached and LCOE is reduced

• Economical factors and policy 
contributed to favor PV diffusion. 

• In Italy:
– LCOE of PV lower than traditional 

primary energy resources

– Among the first energy markets to 
achieve grid parity

– Grid parity is possible without new 
technology now 

http://www.units.it/
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Levelized Cost of Energy - LCOE

• 𝐿𝐶𝑂𝐸 =
𝑂𝐶×𝑃×𝐶𝑅𝐹+𝐹𝑂&𝑀𝐶

8760×𝑐𝑓
+ 𝑉𝑂&𝑀𝐶

• OC [€/kW] is the overnight cost (cost per unit power produced), 

• P [kW] is the net power output of the plant, 

• cf [-] the capacity factor, while 

• FO&MC [€/kW/year] and VO&MC [€/kWh] are the fixed and the 

variable operation costs respectively. 

• CRF [−] the capital recovery factor,

• 𝐶𝑅𝐹 =
𝑖×(𝑖+1)𝐿

(𝑖+1)𝐿−1

• The overnight cost is calculated as the ratio between the 

Total Plant Cost (TPC) relative to the CCS plant only and 

the net power output P

http://www.units.it/
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EROEI and LCOE for CCS

• EROEI and EROC  𝐸𝑅𝑂𝐶 =
1−𝐸𝑅𝑂𝐸𝐼

𝑐𝑎𝑟𝑏𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

• LCOE

Process cf EROEI EROC

NGCC no CCS 0.40 17.60 16.81

0.85 21.37 16.99

NGCC + CCS MEA 0.40 7.73 163.1

0.85 12.36 167.1

NGCC + CCS HPC 0.40 5.21 163.1

0.85 9.06 167.1

cf NGCC with 

MEA

Extra cost due 

to MEA

NGCC with 

HPC

Extra cost 

due to HPC

0.40 [131 – 153] 53 [178 –200] 100

0.85 [102 – 124] 24 [126 – 148] 48

E. Barbera, A. Mio, A. Massi Pavan, A. Bertucco, M.  Fermeglia, 2021, Applied Energy, Submitted

http://www.units.it/
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Unconventional fossil fuel:  Shale 

oil & Gas

http://www.units.it/
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Nature 2011, 477, 271

Ground water contamination 

Science 2013, 340, 826

PNAS 2013, 110, 11250

Nature 2013, 498, 415

Increased risk of earthquakes 

Science 2013, 341, 142

U.S. NAS Report 2012, ISBN 978-0-309-25367-3

Low EROEI

Environ. Sci. Tech. 2013, 47, 5459

Release of methane in atmosphere 
Nature 2012, 482, 139

Fast production decline 

Nature 2012, 494, 307

“Fracking”: problems and risks

http://www.units.it/
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Fracking: water consumption

• Water consumption per frack: average 5 Mil gallons (=20 Mil liters) 

– 400 – 600 incoming trucks

– 200 – 300 outgoing trucks  

– Water volume equivalent to 15 Olympic water pools 

http://www.units.it/
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COVID and oil in 2020…

• Oil price: 

– from 75 to 20 $ barrel

– < 0 $ on April 20 2020 

– Bounces up at 40 $ 

• Shale oil industries: 

– Small companies 

bankrupt 

– 300 billions  debts 

– Shale wells down from 

800 to 269 (67% less)

• Nebraska 86% wells 

closed

• Texas 83% 

• Montana 80% 

• Oil extraction cost in 

Arabia  

– 5-10 $ barrel

• But is this good?

http://www.units.it/
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COVID and oil in 2020…

http://www.units.it/
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N2O

CO2

CH4

N2O

CH4

CO2

Concentration of greenhouse 

gases in the athmosphere

2010: 380ppm 
1900: 280ppm

http://www.units.it/
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Temperature anomalies

http://www.units.it/
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Earth surface temperature has increased by about  

0.85 degrees in recent 100 years

http://www.units.it/
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Emission Gap Report 2020 - United Nations Environment Programme

G
re

e
n

h
o

u
se

 g
as

e
s 

e
m

is
si

o
n

s 
p

e
r 

ye
ar

 
in

  G
tC

O
2
e

Emission gap

http://www.units.it/
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La Terra si sta riscaldando

http://www.units.it/
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Oceans are heating up

• Annual divergence of global ocean temperature from 20th

century average (1880 – 2019)

http://www.units.it/
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http://www.units.it/
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What is really warming the planet?

http://www.units.it/
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Glaciers melting …. 

100 years ago

TODAY

http://climate.nasa.gov/sof/

http://www.units.it/
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Mont Blanc, Grande Jorasses peak

http://www.units.it/
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Artic glacier melting

http://www.units.it/
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Surface temperature increase in 

the Arctic

• The average increase in surface temperature since 

1951-1980 reference period is greater in the Arctic

http://www.units.it/
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Mean sea ice draft

• Sea ice draft is the subsurface fraction of the ice thickness

Source: Rothrock at al. 1999

http://www.units.it/
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Minimum sea ice Arctic volume

• Min Arctic sea ice volume, 1979 though 2011

Source: PIOMAS

http://www.units.it/
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Scioglimento del pemafrost

http://www.units.it/
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Seasonally frozen and thawed: 

ACTIVE LAYER

Perennially 

frozen

Perennially 

unfrozen

Seasonally cryotic

Perennially

cryotic (2y) 

PERMAFROST 

THICKNESS

Perennially 

non cryotic

PERMAFROST 

TABLE

PERMAFROST 

BASE

D
e
p

th

T> 0°CT< 0°C 0°CGround surface

Permafrost: 

ground-thermal regime

Permafrost
Defined based on ground 
temperature

Defined as ground (sediments, 
rocks, soil,…) that remains at or 
below zero °C for at least two 
consecutive years 

Humidity, may be present in 
the permafrost

Permafrost does not necessarily 
have to be frozen since freezing 
point of water could be lowered 
by several degrees

http://www.units.it/
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Seasonally frozen and thawed: 

ACTIVE LAYER

Perennially 

frozen

Perennially 

unfrozen

Seasonally cryotic

Perennially cryotic

(2y) 

PERMAFROST 

THICKNESS

Perennially 

non cryotic

PERMAFROST 

TABLE

PERMAFROST 

BASE

D
e
p

th

T> 0°CT< 0°C 0°CGround surface

In a warming 
environment

• Warming of permafrost
• Active layer grows
• Permafrost layer shrinks
• Permafrost base rises up

Permafrost: 

ground-thermal regime

http://www.units.it/
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www.c3project.net

Permafrost melting in rocks

http://www.units.it/
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Raise of the sea level

http://www.units.it/
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In 2100 large portions of Italian 

coastline will be underwater

• 5.500 squared km will be flooded due to sea level rising, ENEA 

scientists said

– At risk North Adriatic, Gulf of Taranto, Gulf of Oristano and Cagliari.

http://www.units.it/
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Plant productivity 

– In green increase - In red decrease

http://www.units.it/
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… and that’s not all about it!!! 

http://www.units.it/
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The end of stone age

“The Stone Age didn’t end because the 

world ran out of stone …. And 
… The Oil Age will not end because we run out 
of oil! “

Don Huberts

http://www.units.it/
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There is nothing of greater 
importance!

http://www.units.it/

