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Outline of the talk

• Global warming: an environmental emergency
– The perfect storm: John Beddington and  other “weathermen”

– CO2 concentration in the atmosphere

– Effects of global warming

– Why we should act quickly 

• The energy system: the main cause of global warming 
– Energy sources: past, present and future

– Indicators for helping decisions on energy production 

– Non conventional fossil fuels

• Energy for transportation
– Hydrogen as energy carrier

– Hydrogen production processes: the colours of hydrogen

• Conclusions
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World population grows  … even if less than in the past years
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John Beddington’s perfect storm
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4 World Wide Emergencies

FOOD

ENVIRONMENT

WATER
ENERGY

Richard E. Smalley, Nobel Laureate, Chemistry, 

1996, MRS Bulletin, June 2005
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Timeline: the weathermen 

• 1824 - Jean Baptiste Joseph Fourier predicts greenhouse effect.

• 1896 - Svante Arrhenius calculates 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%. 

• 2021 – IPCC temperature will continue to raise until at least 2050, for any scenario
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World Economic Forum: Global Risk Report 2022

• Short term  
(0-2 years)

• Medium term 
(2 – 5 years)

• Long term 
(5 – 10 years)
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Greenhouse gases concentration in the atmosphere

2010: 380ppm 

1900: 280ppm
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Greenhouse gases concentration in the atmosphere

N2O

CO2

CH4



Trieste, Tuesday, 04 October 2022- 10There is no planet B! How to avoid the perfect storm

Industrial processes - 4%

Land use change - 12%

Land & Animal Farming – 14%

ENERGY-RELATED EMISSIONS
67%

Transportation – 14%

Electricity & Heat – 25%

Fuel Combustion – 9%

Energy in Industry – 15%

Fugitive emissions – 4%

The energy system is the main responsible of the emissions
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IPCC 2021: future annual emissions of CO₂ (left) and of a 
subset of key non-CO₂ drivers (right).
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Average earth temperature from 1880 to  2021 
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What is really warming the planet?
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IPCC 2021: the current state of the climate: 
temperature raised of about 1.2° in 100 years

• Human influence has warmed the climate at a rate that is unprecedented 
in at least the last 2000 years

– Changes in global surface temperature relative to 1850-1900
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The temperature of the planet has remained relatively 
stable for the last 11,000 years (Holocene)

Marcott et al. 2013; Science
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Now the planet has an anomalous “fever”

Today
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Which could grow in the future

Paris 

agreement

Today
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To the point of becoming a threat for society

Paris 

agreement

Business

as usual

Today
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RCP8.5, at the end of 21  
century, EURO-CORDEX
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Oceans are heating up too

• Annual divergence of global ocean 
temperature from 20th century average 
(1880 – 2019)

• Ph and CO2 concentration
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Glacier melting 

100 years ago

Today http://climate.nasa.gov/sof/
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Permafrost melts  
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Melting arctic ice caps 
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IPCC – 2021: Human activities affect all the major 
climate system components

• Global mean sea level change relative to 1900: in 2300 will be from 2 to 7m (SSP5-8.5)
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In 2100 part of the cost of the north Adriatic sea will be 
under water
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Predictions at 2200: Venice – Italy
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Plant productivity 

• In GREEN 
increase of 
Productivity

• In RED 
decrease of 
Productivity
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… and that’s not all about it!!! 
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Outline of the talk

• Global warming: an environmental emergency
– The perfect storm: John Beddington and  other “weathermen”

– CO2 concentration in the atmosphere

– Effects of global warming

– Why we should act quickly 

• The energy system: the main cause of global warming 
– Energy sources: past, present and future

– Indicators for helping decisions on energy production 

– Non conventional fossil fuels

• Energy for transportation
– Hydrogen as energy carrier

– Hydrogen production processes: the colours of hydrogen

• Conclusions
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A pioneer …. (an Hero !!!)

Mtoe/anno

1912

~ 1 TW
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1912 is an important year…. 

• “The furnaces of the world are now burning about 
2,000,000,000 tons of coal a year,” the article reads. 
“When this is burned, uniting with oxygen, it adds 
about 7,000,000,000 tons of carbon dioxide to the 
atmosphere yearly. This tends to make the air a more 
effective blanket for the earth and to raise its 
temperature. The effect may be considerable in a few 
centuries."
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But after 1912 … no good news!

1 Mtoe/anno  ~ 1.3GW

E
n

er
g

ia
u

sa
ta

in
 M

to
e

WWII

Nel 2000 12.3 TW Nel 2018 19 TW
Total energy supply (TES) by source, World 1990-2018



Trieste, Tuesday, 04 October 2022- 40There is no planet B! How to avoid the perfect storm

.. .and for the future … ? 

24 TW
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Source: The Outlook for energy: a view of 2040, Exxon
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Fossil fuels production: projection
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Working on 

demand 

reduction is  

very sensitive

The energy system is inefficient !!! 
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Indicators for decision makers

• Energy returned on energy invested EROEI and 
derived indicators (ESOEI – EROC)

• Levelized cost of energy – LCOE - LCOH

• Life Cycle assessment - LCA
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Energy returned on energy invested (EROEI)

Production 

Process
Raw 

Materials

E
n
er

g
y

E
n
er

g
y

Waste

𝐸𝑅𝑂𝐸𝐼 =
𝐸𝑜𝑢𝑡
𝐸𝑖𝑛

EROEI= 
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Energy returned on energy invested (EROEI)

Source: C.A.S.Hall, J.W.Day Jr., “Revisiting the Limits to Growth After 

Peak Oil”, Am. Sci. 97 (2009) 230 
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EROEI: recent data and time trends 

Source: King et al, 

Nature Energy, 2018
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Levelized cost of energy (LCOE)

• Levelized cost of energy  includes:
– depreciations of initial capital, 

– Return of investment, 

– Operating costs, fuel, labor,..

– Maintenance costs 

• Expressed in 

– Euro cents/kwh

– US$/MWh
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Life Cycle Assessment - LCA
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Oil production prediction

From: 

http://www.mtshouston.org/outlook/outlook_2

014/Parker27Mar2014.pdf 
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Non conventional fossil fuels
Tar sands, Alberta (Canada)
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National Geographic

Magazine, March 2009

Huge quantity of land is necessary and …
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National Geographic Magazine, March 2009

… large treatment plants and …
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National Geographic Magazine, March 2009

… large places for waste discharges.
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Unconventional fossil fuel:  Shale oil & Gas problems and risks

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

Average production 
trend per x well ,
Bakken formation
Montana, USA
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Fracking: water consumption

• Water consumption per frack: average 5 Mil gallons (=20 Mil liters) 
• Water volume equivalent to 15 Olympic water pools 

• 400 – 600 incoming trucks

• 200 – 300 outgoing trucks  
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Carbon Capture and Sequestration (CCS)

• CO2 produced is captured with a suitable solvent 
and stored in exhausted oil fileds
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Carbon Capture and Sequestration (CCS)

• CCS facility of Petra Nova
– Coupled with a coal power station at Parish 

Generation Station in Texas,

– It is out of service since 2 years

– It is not economically sustainable 
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Most popular new power-generating technology 
installed: 2021

Source: BloombergNEF 2021
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Outline of the talk

• Global warming: an environmental emergency
– The perfect storm: John Beddington and  other “weathermen”

– CO2 concentration in the atmosphere

– Effects of global warming

– Why we should act quickly 

• The energy system: the main cause of global warming 
– Energy sources: past, present and future

– Indicators for helping decisions on energy production 

– Non conventional fossil fuels

• Energy for transportation
– Hydrogen as energy carrier

– Hydrogen production processes: the colours of hydrogen

• Conclusions



Trieste, Tuesday, 04 October 2022- 64There is no planet B! How to avoid the perfect storm

Energy for transportation

Source: The Outlook for energy: a view of 2040, Exxon
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Electrolysis to produce hydrogen, … fuel cell to use it
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Fuel cells for automotive industry
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H2 and heavy logistic 
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Battery or Hydrogen for automotive? 
Toyota vs. Tesla
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Battery vs. Hydrogen for trucks – long distance
trips up to 400 km is 62%of EU truck activity
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An alternative to a future based on hydrogen
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Hydrogen color spectrum
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Hydrogen production cost for different technology 
options in 2030
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Outline of the talk

• Global warming: an environmental emergency
– The perfect storm: John Beddington and  other “weathermen”

– CO2 concentration in the atmosphere

– Effects of global warming

– Why we should act quickly 

• The energy system: the main cause of global warming 
– Energy sources: past, present and future

– Indicators for helping decisions on energy production 

– Non conventional fossil fuels

• Energy for transportation
– Hydrogen as energy carrier

– Hydrogen production processes: the colours of hydrogen

• Conclusions
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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

We are in trouble!!


