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2 Energy and human development  
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3 Energy and human development  

fonte: Zuttel et al., 2010 – Hydrogen: the future energy carrier 
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4 World primary energy demand 

Source: World Energy Outlook 2012, International Energy Agency 

In the New Policies scenario, over 35% 
increase in the next 25 years 
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5 Primary energy demand - by fuel 

Source: World Energy Outlook 2014, International Energy Agency 

New Policies scenario 

+ 37% 



Mitigation of GHG emissions – S. Consonni, 23 June 2015 

6 Primary energy consumption per capita (2013) 

Source: BP Statistical Review 2014 

World average ~ 12.5 GToe / 7 billion people  ~ 1.8 Toe per capita 

0-1.5
1.5-3.0 
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7 The expanding role of developing countries 

Source: World Energy Outlook 2013 
International Energy Agency 

New Policies scenario 

Increase in population and evolution of lifestyle 
overcome decrease of energy intensity --> 

increase of energy demand 
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8 Primary energy demand - by fuel 

Source: World Energy Outlook 2012, International Energy Agency 

New Policies scenario 

All data in Million Toe (except growth rate) 

35% increase over 25 years 

Overwhelming role of fossil fuels: in 2010, 81% of total 

Bioenergy dominates 
non-fossil sources 
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9 World hard coal reserves at end of 2010 

Source: World Energy Outlook 2012, International Energy Agency 

In addition, reserves for about 
300 billion tons of lignite 

Total of 1 trillion tons 
is equivalent to about 

140 years of current global 
coal production 



Mitigation of GHG emissions – S. Consonni, 23 June 2015 

10 Reserves / Production ratio 

●  The R/P ratio tells us for how many years we can 
maintain current production until reserves are 
depleted 

●  In a "STATIC" world where reserves, prices and 
production remain constant, the R/P ratio would 
progressively decrease year by year 

●  But in pratice the R/P ratio changes due to changes 
in: 

– Reserves 
– Prices 
– Production 

ear][barrels/yProduction
[barrels]Reserves[years]

P
R =
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11 Evolution of proved oil reserves 

Source: BP Statistical Review 2014 
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12 Average IEA crude import price - by scenario 

Source: World Energy Outlook 2014, International Energy Agency 

 released 12 nov 2014   
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13 Un-conventional sources: Oil sands 

Total bitumen in place: 
over 2500 billion bbl 

1300 billion in Athabasca 
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14 Shale gas 
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15 Fossil fuel reserves at end of 2011 

Source: World Energy Outlook 2012, International Energy Agency 
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16 Outlook for Fossil Energy Sources 
. 

●  When considering the contribution of unconventional 
sources and new technologies, the reserves of oil and 
natural gas appear capable of meeting world demand     
well within the XXII century 

●  Much longer prospects for coal 

●  Established, efficient and reliable allow the production of 
useful energy from fossil fuels at low cost 

●  In summary, the use of fossil fuels does NOT raise great 
concerns regarding their availability - at least for this 
century - nor about the technologies needed to use them  

●  Concerns are mainly related to 
ENVIRONMENTAL IMPLICATIONS 
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17 

Carbon 

Oxygen 

●  Main product of combustion process 

●  Basic product of biological processes: 
after being carried by blood, CO2 is 
transferred to the respiratory system by 
lungs and it is eventually exhaled 

●  Basic input for chlorophyll photo-
synthesis 

●  Widely used in the food industry (e.g. 
mineral water) 

●  Due to concerns on Climate Changes it 
may be considered a pollutant 

●  Being heavier than air, when stratified it 
can cause asphyxia 

Impact on Environment: global scale 
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18 

18 

The five routes for the long term 

0) Do nothing (and adapt) 

1) Reduce demand / increase efficiency 

2) Renewable sources 
–  hydro 
–  biomass 
–  wind 
–  geothermal 
–  solar 

3) Nuclear 
–  thermal fission 
–  self-breeding fission 
–  fusion 

4) CO2 Capture and Storage (CCS) 
–  a the stack 
–  from air 

One 
or more 
of these ? 

This looks risky 

This is 
appealing, but 
it's not enough 



Mitigation of GHG emissions – S. Consonni, 23 June 2015 

19 World energy-related CO2 emissions - by scenario 

Source: World Energy Outlook 2011, International Energy Agency 
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20 The Wedges approach: stabilization triangle 

Graphic courtesy of Rob Socolow 
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21 Stabilization Wedges 

Graphic courtesy of Rob Socolow 
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22 What is a “Wedge”? 

A “wedge” is a strategy to reduce carbon emissions that 
grows in 50 years from zero to 4 GtCO2/yr. 
Such strategy accounts for 1/8 of the stabilization effort 

       

4 GtCO2/yr 

50 years 

Total = 100 Gigatons CO2 

A wedge avoids the emissions of 100 GtCO2. 
This is six trillion dollars at $60/tCO2. 

Graphic courtesy of Rob Socolow 
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23 Efficient use of fuel of Light Duty Vehicles (LDV) 

Number of LDVs circulating in 2015 is ≈ 1 billion 
At 12 km per liter, driving a LDV for 12,000 km emits ≈ 2,5 t of CO2        
In 2065, estimated 3 billion LDVs in 2065 will emit 7,5 Gt of CO2 

Effort needed by 2065 for 1 wedge (-4 Gt): 
3 billion LDVs driven 12,000 km/yr at not 12 but 25 km per liter 
3 billion LDVs at 10 l/100km, driven not 12,000 but 5,700 km/yr 

NOTE: 3 billion cars at 25 km/l AND driven 5,700 km/yr: ≈ 1.5 
wedges --> effects do not add up ! 
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24 1 GWel coal power station 

660 GW of these coal-fired power stations emit 4 GtonC/yr 

1 electricity-supply 
wedge results from not 
installing such 660 GW 

capacity - 
or from capturing all the 

CO2 it would generate 

world coal-fired capacity 
expected by 2040: 
2630 GW 
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25 
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26 Photovoltaic power 

Effort needed by 2065 for one wedge:  

5300 GWpeak if displacing coal 
(x 6 for intermittency + 1 to compensate storage losses) 

more than twice if displacing nat gas 

installed power in Italy in 2013: 18 GWpeak 
  

at 7 m2 of solar cells per kWpeak (avg efficiency 14%) the generation of 5300 
GWpeak would require ≈ 33000 km2 of PV cells 
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27 Growth of photovoltaic power 

Source: IEA Technology Roadmap Solar PV Energy - 2014 edition 

At end of 2014 installed power has reached 177 GW 
a bit more than 3% of the power needed to make a wedge by 
displacing coal-fired power 

growth 
rate 
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28 Wind power 

Effort needed by 2065 for 
one wedge:  

2600 GWpeak 
if displacing coal 

(x 3,5 for intermittency 
+ 0,5 to compensate 

storage losses) 

more than twice if 
displacing nat gas 

in 2011 installed power was 
240 GW 
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29 Wind power 

Source: Global Wind Energy Council - 2014 statistics 

Growth of wind power capacity 

To make a wedge, capacity 
installed at end of 2014 
(370 GW) must increase by 
a factor of 7 
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30 Electricity production costs 

Source: World Energy Outlook 2014, International Energy Agency 

New Policies scenario, 2020 
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31 The cost of promoting renewable energy 

1) In Italy, expenditure for incentives to: 
–  hydro 
–  biomass 
–  wind 
–  geothermal 
has nearly reached the cap of 5.8 billion Euros/yr 

2) In 2015, incentives to PV will approach 7 billion Euros, 
bringing total incentives to about 12.5 billion Euros 

3) The nearly 7 billion Euros of incentives for PV avoid the 
emission of about 10 million tons of CO2, for a specific cost 
of 700 € per ton avoided 

4) The 5.8 billion of incentives for other renewables avoid 
the emission of about 25 million tons of CO2, for a specific 
cost of 230 € per ton avoided 
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32 32 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

CCS: Capture + Transport + Storage of CO2 
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33 

33 

The peculiar role of Carbon Capture & Storage 

•  CCS gives the possibility to DECOUPLE the use of fossil 
fuels from CO2 emissions 

•  Given: 
–  the overwhelming dominance of fossil fuels 
–  the sheer cost of the energy infrastructure 
–  the time and the resources needed to change the 

current situation 
–  the costs and the many issues still raised by 

renwable sources 
the shift from fossil sources to low-carbon-emission 

sources (renewables / nuclear) REQUIRES TIME 

•  CCS can give us the time we need 
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34 Sleipner (North Sea) 
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35 Conclusions 

•  Stabilizing and reducing GHG emissions poses 
daunting challenges 

•  The sheer size of the job to be done may leave us in 
despair, but ... 

•   ....  there are reasons for optimism: 
–  the world energy system is still very inefficient 
–  the same for incentives / carbon tax schemes 
–  the same for international cooperation 
–  we do have degrees of freedom 
–  most of the 2065 physical plants is not yet built 
–  human ingenuity may bring further options 
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36 Final message 

"Business As Usual" 

"New Policies" 

Source: World Energy Outlook 2011, International Energy Agency 

New Policies scenario 

All means are necessary ! 
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37 Outline of this talk 

Thank you 
for your attention ! 

www.leap.polimi.it 


