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Foreword 
 

 

The Italian Physical Society (SIF), partly in answer to an invitation from the European 

Physical Society (EPS), has decided to publish an analysis of the energy situation in Italy, 

concentrating mainly on the period between 1990 and 2020. 

The energy problem is linked to the various energy sources, to energy demand and 

consumption, which is increasing in its various forms, to the environmental effects generated 

by energy production, such as soil and atmospheric pollution. The aim of this report is to 

tackle these problems, as is the duty of every advanced society. Below, as well as analysing 

the situation, we shall indicate the prospects forecast for Italy. 

To start with, on a general level, we first recall that the world‘s primary energy 

consumption in 2006 was 10,878.6 million tonnes of oil equivalent (Mtoe), distributed as 

indicated in Table 1 (and shown in Fig. 1) between the various regions of the planet. In the 

table and figure the percentage contribution of the most heavily used energy sources are 

given: the various figures show the important role of fossil sources (oil, natural gas and coal), 

which account for over 85% of use, followed by about 6% of renewable sources (which also 

include hydroelectricity) and about 6% for nuclear energy. 
 

Table 1: World energy consumption in 2006. 

 
REGION Total 

Consumption  
[Mtoe] 

Consumption by energy source  

Oil  

[Mtoe] 
Gas 

[Mtoe] 
Coal 

[Mtoe] 
Nuclear 

[Mtoe] 
Renewable 

[Mtoe] 

North America 2,803 1,124.6 702.5 611.6 212.3 152.0 

Central and South America 528.6 236.5 117.5 21.8 4.9 147.9 

Europe-Eurasia 3,027.1 970.1 1,031.7 552.9 287.8 184.6 

Middle East  554.2 280.1 260.3 8.9  4.9 

Asia-Pacific  3,641.6 1,148.0 394.7 1,792.1 128.2 178.6 

Africa 324.1 130.5 68.2 102.8 2.4 20.2 

TOTAL 10,878.6 3,889.8 2,574.9 3,090.1 635.6 688.2 

Percentage contribution  35.8% 23.7% 28.4% 5.9% 6.3% 

Source: Bp Statistical Review of World Energy (June 2007). 

 

  

 
Fig. 1: World energy consumption in 2006 [Mtoe] and percentage contributions of sources used. 

 

To have an idea of the trends in energy demand over time we show in Fig. 2 the world‘s 

energy consumption, divided between the various energy sources, from 1850, observing that 

Central & South America 

528.6 Mtoe 

North America 

2803.0 Mtoe 

Europe-Eurasia 

3027.1 Mtoe 

Asia-Pacific 

3641.6 Mtoe 

Meedle East  

554.2 Mtoe 
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the demand has grown constantly, with a sharp acceleration starting from the middle of the 

last century. 

 
Fig. 2: World energy consumption trends in the 

years 1850-2000 (source: Science 309 (2005) 550). 
 

The Energy Information Administration (EIA) of the United States in its International 

Energy Outlook 2007 foresaw a growth of 57% in world energy consumption in the period 

2004-2030 (see Fig. 3). The increase will be much greater (95%) in the Non-OECD 

countries
1
 compared to the rate (24%) in the OECD countries. The total estimated 

consumption for 2030 is about 18 billion tonnes of oil equivalent. 

 
 

 
 

Fig. 3: Forecasts of energy consumption growth [in Gtoe
2
] over the 

period 2004-2030 (source: EIA- International Energy Outlook 2007). 
 

In the worldwide context Italy plays a role that is marginal and in some ways atypical, 

since it has favoured natural gas amongst fossil sources, rather than coal, and has outlawed 

nuclear production (nevertheless, Italy imports energy derived from nuclear fission from 

                                                 
1
 Countries that do not belong to the Organization for Economic Cooperation and Development (OECD). 

2
  1 Gtoe= 1 billion toe. 
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France however) (see Fig 4 (a)). Its current overall energy requirement is 2,236 TWh
3
 (about 

2% of world consumption) of which 30.9% is used for transport, 28.3 % for industry and 

30.9% for domestic and industrial heating (see Fig. 4 (b)). 
 

  
 (a)  (b) 

Fig. 4: (a) Primary energy consumption by source and (b) energy usage in Italy in 2006 

(source; EUROSTAT, see also Tab. 1.1.) 
 

The community within which Italy operates is the European Union (EU): in Fig. 5 we 

therefore give, for a useful comparison, the percentage contributions of the various sources to 

primary consumption (Fig. 5(a)) and to electric energy production (Fig. 5(b)) in the 27 states 

of the EU and in Italy. The figures given represent the percentages of the various sources in 

the year 2004.  
 

  
Fig. 5: (a) Percentage division of the various sources of primary energy consumption and (b) 

of electrical energy production in the EU-27 and in Italy in 2004 (source:EU- SEC (2007) 12). 
 

We also show, in Fig. 6, how production of electrical energy, by a long way the most 

important energy vector, is diversified in its sources in the larger European countries. The 

data given represent the percentages of the various sources in 2005.  

The figure shows the major difference between Italy and the other countries with regard 

to the type of fuel used. In particular our country stands out for the obvious absence of 

nuclear energy production and for the small percentage of coal. Note that, despite major 

investment in wind power in Germany and Spain, amongst the large European nations Italy is 

still the country with the highest percentage of renewables thanks to natural hydroelectricity. 

In contrast the production of so called new renewable sources is still negligible. 
 

                                                 
3
 1 TW (terawatt) = 1000 billion watts; 1 TWh (1 terawatt hour) = 1000 billion Wh, 1 Wh = 3600 Ws. 
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Figure 6: Percentage of electricity production in terms of the various energy sources used in the 
major European countries (in 2005) (source: EU data, adjusted and integrated with TERNA 

data See also Tab. 1.3). 
 

When examining current and future energy production it is necessary to bear in mind the 

aims of limiting environmental pollution and its possible effects on climate change
4
, for 

which the Kyoto protocol
5
 requires Italy to reduce its greenhouse gas emissions by 6.5% 

compared to 1990 levels by 2012. These emissions have continued to rise in Italy from 1990 

to today and, at the end of 2006, the reduction aimed for was equal to 17% of the 1990 

emissions. 

The European Union has proved to be the most determined political body at a world level 

in pursuing policies to protect the climate. In this context we recall that the European Union 

has approved legislation at various times to guide the energy policies of the member states 

with the aim of: 

 diversifying energy sources and guaranteeing security of supply; 

 contributing to sustainable growth of the world economy and of developing countries; 

 developing a strong European high-tech industry in the field of renewables and ensuring a 

dominant role at world level. 

In particular, we recall: 

                                                 
4
 The Intergovernmental Panel on Climate Change (IPCC), in its report presented in Bangkok on 5 May 2007, 

laid down that in order to minimize the risks of possible climate changes the concentration of atmospheric 

carbon dioxide should not exceed 535 parts per million (double the figure before the industrial revolution). To 

avoid exceeding this threshold it is necessary to halt the extremely rapid growth in greenhouse gas emissions by 

2015. 
5
 The Kyoto protocol is an international treaty on the environment concerned with global warming signed in the 

Japanese city of Kyoto on 11 December 1997 by more than 160 countries at the COP3 Conference of the United 

Nations Framework Convention on Climate Change. The treaty came into effect on 16 February 2005, after also 

being ratified by Russia. The treaty establishes the requirement for the industrialized nations to achieve a 

reduction in polluting emissions (carbon dioxide and five other greenhouse gases, i.e. methane, nitrogen oxide, 

hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride) of no less than 5.2% compared to the emissions 

recorded in 1990 — considered as the base year— over the period 2008-2012. 

 

http://it.wikipedia.org/wiki/Ky%C5%8Dto
http://it.wikipedia.org/wiki/11_dicembre
http://it.wikipedia.org/wiki/1997
http://it.wikipedia.org/wiki/16_febbraio
http://it.wikipedia.org/wiki/2005
http://it.wikipedia.org/wiki/Russia
http://it.wikipedia.org/wiki/Gas_serra
http://it.wikipedia.org/wiki/1990
http://it.wikipedia.org/wiki/2008
http://it.wikipedia.org/wiki/2012


11 

 

 the 1997 White Paper, which set the aim of installing 3 GW of solar photovoltaic power 

by 2010; 

 the 2000 Green Paper, which set the aim of doubling the contribution of renewables from 

6% to 12% by 2010; 

 the Directive on energy production from renewable sources, with the aim of raising the 

contribution of renewables for electricity production from 14% to 22% by 2010; 

 the ―20/20/20‖ Plan of March 2007, which fixed new ambitious targets in the energy field 

for 2020: a 20% reduction in greenhouse gas emissions compared to the 1990 reference 

figures; a 20% reduction in energy consumption compared to today‘s figures; use of 

renewable sources at a level of 20% of total consumption of primary sources. Moreover, 

this plan proposes, as a fourth aim, the use of biofuels in the transport sector amounting to 

at least 10% of total consumption. 

 the Energy Plan for Europe, adopted by the European Council in March 2007, which 

includes nuclear power amongst the energy technologies to be pursued and assumes 

research and development (R&D) support to improve the safety of nuclear power plants 

and of radioactive waste management; 

 the launch of the European Strategic Energy Technology (SET) Plan, which allows the 

EU to move towards an energy system with low greenhouse gas emissions, with an 

overall energy mix that includes: a considerable share of renewables for electricity and 

heat production and for transport; the use of gas and coal with CO2 capture and hydrogen 

production; nuclear fission and, in the long term, nuclear fusion; 

 the launch of the European Technology Platform on Sustainable Nuclear Energy, on 21 

September 2007 in Brussels, which recommends keeping and enhancing European 

technological leadership in the nuclear field by means of a major R&D programme that 

includes reactors of II, III and IV generation. 

Partly as a result of these decisions, amongst western nations the 15 states of the old 

European Union have achieved, with respect to 1990, a reduction in emissions of 0.9%, 

compared to a 15.8% increase in the USA. The reduction in the 25-state European Union 

however was 4.9% instead. Nevertheless the course undertaken by the European Union is far 

from consolidated. Since 2001 in fact the emissions of the 15 European states have 

progressively diverged from the virtuous behaviour of the Kyoto targets, although remaining 

lower overall than the 1990 levels. Policies to limit consumption, improve the transport 

system and generate energy from renewable sources have so far proved unable to compensate 

for this trend reversal.  

With these fundamental considerations in mind the SIF has set up an ―Energy 

Commission‖ made up of the following members: 

 

Giuseppe-Franco Bassani Emeritus Professor and former Director of the Scuola Normale 

Superiore – Chairman of the Commission.  

Marco Bianucci Senior Researcher CNR – Expert on solar energy.  

Sergio Carrà Emeritus Professor, Milan Polytechnic – Chemical Physicist. 

Luisa Cifarelli Professor, University of Bologna – SIF delegate for relations 

with the European Physical Society. 

Enzo De Sanctis Director of Research at INFN Frascati – SIF representative. 

Gaudenzio Mariotti  ENEL – Technical research area – Expert in energy problems. 

Pietro Menna  EC – Directorate General for Energy and Transport – Member 

of the Energy Commission. 

Alberto Renieri  ENEA – Director of the Department of Nuclear Fusion, 

Technologies and Presidium. 
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Renato Angelo Ricci  Emeritus Professor, University of Padua – Chairman of the 

Galileo Association 2001. 

Giovanni Ricco Professor, University of Genoa – INFN Representative. 

Ugo Romano  ENI Strategy and Development Department – Responsible for 

Technology. 

Edoardo Ronchi  Senator – Vice Chairman of the Territory and Environment 

Commission of the Senate. 

Giorgio Rostagni  Professor, University of Padua – Expert in Energy Techniques 

and Economics. 

Walter Tocci  Member of Parliament – Member of the University and 

Research Commission of the Chamber of Deputies. 

 

with the cooperation of  

 

Maurizio Masi Professor, Polytechnic of Milan. 

Stefano Monti ENEA Senior Researcher – Expert in nuclear energy. 

Gianni Silvestrini Scientific Director of the Kyoto Club. 

 

They have taken part as individuals and not as official representatives of the institutions 

they belong to. We thank them for their contributions.  

On the basis of the work carried out at several meetings, the SIF is proud to present the 

following report, in the hope that it may be of use to anyone who wishes to approach the 

problem, even without already possessing a technical and scientific knowledge of the subjects 

dealt with.  

In the first chapter we present the challenges that Italy faces in terms of obtaining energy 

resources and, at the same time, of protecting the environment and (hopefully) the climate. In 

the chapters that follow Italy‘s various energy sources, their potential and their problems are 

analysed individually. Nuclear fusion has also been included, even though it is not an energy 

option available in the time span being examined, because it has characteristics that make it 

attractive as a primary source for energy generation. A separate chapter is devoted to 

electricity consumption and production. The problems of the hydrogen vector and of CO2 

capture and storage and of energy efficiency and saving are analysed separately.  

To assist the reader a brief summary giving the current status, problems and prospects of 

the subject being dealt with is highlighted in a frame at the beginning of each chapter. A 

glossary of the many acronyms, abbreviations and units of measuremrent that appear in the 

text is given in the final pages.  

Finally an overall view of the conclusions and possible guidelines that emerge from the 

analysis carried out in this report is given in the final chapter. 

 

Giuseppe-Franco Bassani 

Chairman of the Energy Commission, SIF 

Honorary President, SIF  

 

Luisa Cifarelli 

President, SIF 

 

Enzo De Sanctis 

Vice President, SIF
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1. Italy and the energy challenge  
 

 

1.1 INTRODUCTION 

Our society has to face two fundamental challenges: to find and secure the energy 

resources necessary to sustain growth and economic development in the developed countries 

and, even more important, in the developing countries; to guarantee protection of the 

environment trying to mitigate, where possible, the processes of climate change now 

underway. To find a balance between these requirements it is necessary to arrive at a 

transition towards a more sustainable energy system and development.  

In its ―Climate Change 2007” report, the Intergovernmental Panel on Climate Change 

(IPCC)
6
 demonstrated that global emissions of greenhouse gases, weighted on the basis of 

their global warming potential (GWP), increased by 70% between 1970 and 2004, and by 

24% between 1990 and 2004. Emissions of CO2, quantitatively the most important 

greenhouse gas (excluding water vapour), increased by 80% from 1970 to 2004, and by 28% 

from 1990 to 2004. There is not yet a universal scientific consensus on the real human origin 

of climate change; it is therefore necessary to persevere with determination in our studies of 

the possible causes of these changes, considering that CO2 emissions produced today will 

remain in the atmosphere for about 100 years. 

As far as mitigating climate change is concerned, the Kyoto Protocol represents the first 

negotiated instrument for the internationally agreed reduction of greenhouse gas emissions. 

The Protocol assigns Italy the task of reducing its greenhouse emissions by 6.5% compared to 

1990 levels, to be achieved in the period 2008-2012. In the first year of implementation of the 

Protocol the path that Italy has to follow in order to reach energy sustainability is still very 

uphill one. Indeed in our country emissions, instead of diminishing, have increased by 13%, 

so that the emission reduction to be achieved by 2012 now stands at 17% of 1990 levels. 

 

1.2 ENERGY IN ITALY 

In Table 1.1 the gross domestic consumption of energy and energy usage in Italy, in 

millions of tonnes of oil equivalent (Mtoe), in the years 1990, 2000, 2005 and 2006 are given. 

In the table the distribution of consumption between the main energy sources and the 

variations recorded in the periods 1990-2006, 1990-2000 and 2000-2006 are also shown. For 

a more accessible reading the trends in energy consumption by source (in the years 1990-

2005) and by sector of final use (in the years 1994-2005) are shown in Figs. 1.1 and 1.2, 

respectively. 

The data highlight a continuous increase in total energy consumption (total increase of 

32.1 Mtoe from 1990 to 2006, with a percentage increase equal to 19.6%), with a higher rate 

in the period 1990-2000 and a slowdown in the period 2000-2006.  

Primary energy consumption per source shows a drop for oil products, which however 

remain the source that contributes the most in quantitative terms to energy demand, (see for 

example Fig. 4(a) of the Foreward which shows consumption in Italy distributed between the 

various sources in 2006). In particular, in the period considered, there was a reduction in oil 

consumption of 7.8 Mtoe, a considerable increase in gas consumption (+30.6 Mtoe) and an 

increase in coal consumption (+1.6 Mtoe). Renewable sources increased by 5.6 Mtoe (from 

                                                 
6
 The IPCC was set up in 1988 by the United Nations as a scientific supporting body with the task of evaluating 

– and presenting to decision-making bodies – the current state of scientific, technical and socioeconomic 

knowledge on the causes and consequences of climate change: http://www.ipcc.ch/ 
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Fig.1.2: Energy consumption by final use sectors - trend over the period 1994-2005 [Mtoe] 
(source: ENEA: Energy and Environment Report 2006). 

 

1.2.1 The electrical sector 
In Table 1.2 we examine the electrical energy sector.  
 

Table 1.2: Italy – Electrical energy budget by source in the years 1990-2006.  
 

AVAILABILITY AND USES 1990 1995 2000 2005 2006 

[TWh] 

Solid fuels 32.0 24.1 26.7 43.6 44.2 

Gas fuels 39.1 46.4 97.6 149.3 158.1 

Liquid fuels 102.7 120.8 85.9 35.9 33.8 

Gas derivatives 3.6 3.4 4.3 5.8 6.2 

Other fuels and other sources 1.2 1.3 4.1 12.4 13.1 

Total thermoelectric  178.6 196.1 218.5 246.9 255.4 

Natural Hydroelectric 31.9 38.5 44.2 36.1 37.0 

Geothermal 3.2 3.4 4.7 5.3 5.5 

Biomass and refuse n.a. n.a. 1.9 6.2 6.7 

Wind  0.0 0.014 0.560 2.340 2.971 

Solar photovoltaic  n.a.  n.a. 0.006 0.004 0.002 

Total renewables  35.1 41.9 51.4 49.9 52.2 

Hydroelectric from pumping 3.2 3.5 6.7 6.9 6.4 

GROSS PRODUCTION 216.9 241.5 276.6 303.7 314.0 

Pumping absorption and auxiliary services 16.4 17.9 22.5 22.4 21.6 

NET PRODUCTION 200.5 223.6 254.2 281.3 292.4 

Imported nuclear 34.7 37.4 44.3 49.2 45.0 

ENERGY INPUT INTO THE GRID  235.1 261.0 298.5 330.5 337.4 

Losses in the grid 16.4 17.6 19.2 20.6 21.0 

ENERGY DESTINED FOR CONSUMPTION 218.7 243.4 279.3 309.8 316.4 

Agriculture 4.2 4.0 4.9 5.4 5.4 

Industry 119.5 129.5 148.2 153.7 156.8 

Services 42.3 52.7 65.1 83.8 86.9 

Residential 52.7 57.2 61.1 66.9 67.3 

Source: TERNA 

 

In this sector the share destined for consumption grew between 1990 and 2006 by 97.7 

TWh; with a reduction in the growth rate from 2.7% per year, in the period 1990-2000, to 

2.2% per year, in the period 2000-2006. The contribution of renewable sources increased 

from 35.1 TWh in 1990 (16.2% of gross production) to 52.2 TWh in 2006 (16.6%). The 

higher percentage contribution recorded in 2000 (51.4 TWh, equal to 18.5%) is the result of a 
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greater production of electricity from water power, due to a greater availability of water in the 

hydroelectric basins. 

In Table 1.3 we show, as a useful comparison, how electrical energy production is 

diversified between the various sources in Italy and the larger countries of the European 

Union. The data refer to the year 2005. In the lower part of the table we give the percentage 

contributions of the various energy sources (for a more accessible reading see Fig. 6 in the 

Foreward). 

The data show that in electricity production the structural weaknesses that today 

characterise the EU‘s energy systems are emphasised in the case of Italy: in the energy mix 

fossil fuels represent the predominant source (about 80% for Italy, almost 60% in the EU-27); 

nuclear use is limited to imports and the percentage of coal is small. Note that, amongst the 

larger member states, despite heavy investment in Germany and Spain in wind power, Italy is 

still the country among the main ones with the highest percentage of renewables, but only 

thanks to natural hydroelectric power because, for the so-called new renewables, we still lag 

far behind. 

 
Table 1.3: Production of electrical energy and sources used in the main European countries in 

the year 2005 [in TWh]. 
 

SOURCES  Italy Germany UK France Spain 

Hydroelectric (natural inflows) 36.0 19.6 5.0 52.2 19.6 

Geothermal 5.3     

Wind 2.3 27.2 2.9 1.0 21.2 

Solar  1.3    

Biomass and refuse 6.0 16.6 9.6 5.1 3.1 

Other 0.2   0.1 0.1 

TOTAL RENEWABLES 49.8 64.7 17.5 58.3 44.0 

HYDROELECTRIC (from pumping) 6.9 7.1 3.0 4.7 3.5 

Coal and lignite 43.6 269.6 134.9 27.6 79.1 

Oil 47.1 10.6 5.4 7.2 24.4 

Natural gas  155.1 76.6 154.9 26.0 80.5 

Other 1.2 28.6 3.1  5.1 

TOTAL THERMAL  247.0 385.4 298.3 60.8 189.1 

Nuclear 0.0 163.1 81.6 451.5 57.5 

TOTAL PRODUCTION  303.7 620.3 400.5 575.4 294.1 

Import(-)/export(+) balance -49.1 5.0 -8.3 63.0 1.4 
 

% renewables 16.4% 10.4% 4.4% 10.1% 15.0% 

% oil 15.5% 1.7% 1.4% 1.3% 8.3% 

% coal 14.4% 43.5% 33.7% 4.8% 26.9% 

% gas 51.1% 12.3% 38.7% 4.5% 27.4% 

% nuclear 0.0% 26.3% 20.4% 78.5% 19.5% 

% other sources 2.6% 5.8% 1.4% 0.8% 2.9% 

Source: EU data, checked and integrated with TERNA data 

 

Another structural weakness, which is particularly evident in Italy, is dependence on 

foreign imports. The 27 states of the European Union as a group currently depend on energy 

imports for over 50% of their needs; the figure for Italy is even more marked at up to 84.5% 

(see Fig. 1.3).  

Figure 1.4 shows that Italy is also the European country with the highest imbalance of all 

between electrical energy imports and exports (45 TWh). Over the past few years the 

substitution of old and obsolete plants by new plants has not reduced the percentage of 

imports since the energy cost differential compared to neighbouring states remains high, 

which makes it cheap to buy energy from abroad. 
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Fig. 1.3: Energy imports into European countries in 2004 
(source: EUROSTAT data analysis). 

 

 
 

Fig. 1.4: Electrical energy balance in the main European countries in 2006  
(positive = imports, negative = exports). 

 

1.3 GREENHOUSE GAS EMISSIONS IN ITALY 

In Table 1.4 we give the greenhouse gas emissions in Italy for the years 1990, 1995, 

2000, 2005 and 2006 and the variations in the periods 1990-2000 and 2000-2006.  

The data indicate a continuous increase in greenhouse gas emissions which, by the end of 

2006, had grown by 54.6 Mt-CO2-eq in absolute terms and by 10.5% in percentage terms 

compared to the 1990 figures. The average annual growth rate was 0.65% per year. 
 

Table 1.4: Italy – Greenhouse gas emissions. 
 

SECTORS 

 

 

YEAR AVERAGE VARIATION 

1990 1995 2000 2005 2006* 1990-2000 2000-2006 

[Mtoe CO2] [%/year] 

Energy 422.9 435.5 455.8 483.7 474.4 0.78 0.07 

Industry 36.5 34.6 35.0 40.8 41.7 0.41 3.19 

Solvents and other products  2.4 2.2 2.3 2.1 2.1 -0.42 -1.45 

Agriculture 40.6 40.3 39.9 37.2 37.4 -0.17 -1.35 

Refuse  17.1 19.9 20.7 18.4 18.5 8.3 -10.7 

TOTAL 519.5 532.5 553.8 582.2 574.1 0.66 0.61 

Source: Unfccc- NIR Italy. CRF (April 2007 Greenhouse gas source and sink categories) 

* APAT estimate 2007 
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The data show a continuous increase in greenhouse gas emissions which, by the end of 

2006, had grown by 54.6 Mt-CO2-eq in absolute terms and by 10.5% in percentage terms 

compared to 1990 values. The average annual rate of growth was 0.65% per year. 

Figure 1.5 gives the percentage relevance in Italy of different sectors with regard to CO2 

emissions from 1990 to 2004. In general this figure does not show significant variations in 

the ratios between the various sectors, except for a slow but gradual reduction of the 

industrial sector and an equally slow increase of the transport sector. The weight of the 

electrical sector is increasing slightly and is currently around 33% of overall CO2 emissions. 

 

 
 

Fig. 1.5: Share of CO2 emissions of the various sectors in Italy. The reference to 
―other sectors‖ covers the service and residential sectors (source: ENEA data). 

 
 

 

Fig. 1.6: Variation in CO2 emissions from various sectors compared to 
1990 emissions recorded in the period 1990-2004 (source: ENEA data). 

 

Figure 1.6 indicates for each sector the CO2 emissions in Italy in the period 1990-2004 

compared to the 1990 levels. For a more quantitative analysis the numerical values for 

greenhouse gas emissions are given in Table 1.5 for the years 1990, 1995, 2000, 2005 and 
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2006 in the various end use sectors and also the variations in the periods 1990-2000 and 

2000-2006.  

The graph and the table show a very steady trend in the growth of emissions in the 

transport sector, that show a shift from 1.87% per year in the period 1990-2000 to 1.07% per 

year in the period 2000-2006. The energy industry sector (mainly dedicated to electricity 

production) moved irregularly, dropping initially, then rising fairly sharply until 2002, then 

finally tending to climb more slowly. The growth rate of emissions doubled in the period 

2000-2006 compared to the period 1990-2000. 

Trends in the ―manufacturing industry and construction sector‖ (which however tends to 

fall) and the ―other sectors‖, service and residential sectors, (which however tend to rise) are 

more subject to fluctuations. The residential sector shows a considerable increase in 

emissions in 2005, probably due to climate reasons. 
 

Table 1.5: Italy – CO2 Emissions – Energy sector. 
 

SECTORS 
 

 

YEAR AVERAGE VARIATION 

1990 1995 2000 2005 2006* 1990-2000 2000-2006 

[Mt CO2 eq] [%/year] 

Energy industries 134.1 138.0 147.8 159.9 167.7 1.02% 2.24% 

Manufacturing and 

construction 
88.9 87.8 87.9 82.0 80.9 

-0.11% -1.33% 

Transport 101.5 112.0 120.5 126.9 128.3 1.87% 1.07% 

Other sectors 76.5 75.9 78.5 93.0 76.3 -0.26% -0.47% 

Others 1.0 1.4 0.8 1.2 0.7 -0.02% -0.02% 
Source: Unfccc-NIR Italy-CRF (April 2007 Greenhouse gas source and sink categories) 

* APAT estimate 2007 

 

In Fig. 1.7 the trend in greenhouse gas emissions in the main EU countries and in all 27 

member states in the period 1990-2005 is given. As you can see Italy, from 1990 to 2005 

continued to increase its greenhouse gas emissions (+12.1%), while France, Germany, the 

United Kingdom and the 27 EU member states combined reduced them. 

 

 
Fig. 1.7: Greenhouse gas emissions in the main European countries. 

 

In 2006, partly thanks to favourable climate trends, there was a reduction in greenhouse 

gas emissions (-1.2% compared to 2005). In 2007 this tendency reversal was confirmed even 

in the absence of special weather conditions (-0.5% compared to 2006). This result was 

achieved mainly thanks to better performance in the residential sector, where the drop in 
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emissions was 6%. It would be equally appropriate and necessary to extend this virtuous 

performance to other sectors, above all transport. 

The path to meeting the Kyoto undertakings is still long and hard: Italy ought to make up 

for the 12.1% surge in emissions in 2005 compared to 1990. A weighty legacy that from now 

to 2012 would imply a reduction of 88.4 Mt-CO2-eq in greenhouse levels compared to the 

2006 emission of 574.1 Mt-CO2-eq, as indicated in the following summary: 
 

Emissions 1990 519.5 Mt-CO2-eq 

Emissions 2006 574.1 Mt-CO2-eq 

Kyoto objective (93.5% of 1990 emissions) 485.7 Mt-CO2-eq 

Distance Objective (Emissions 2006 – Objective) 88.4 Mt-CO2-eq 

 

1.3.1 The electrical sector 

While production data are generally fairly reliable since codified procedures exist for 

measuring them, estimates of CO2 production may vary considerably from one source to 

another. In particular the figures from various sources for CO2 production in Italy by the 

electricity system are given in Table 1.6. 
 

Table 1.6: Italy – CO2 emissions electricity sector according to various sources. 
 

SOURCE 1990 1995 2000 2005 

 [Mt CO2] 

Unfccc CRF-13/04/2007 107 109 116 121 

APAT 2007  134 138 148 160 

TERNA n.a. n.a. 143 147 

Eurelectric 123 n.a. 134 138 

 

The first of these sources divides the emissions between the various fuels used, as 

indicated in Table 1.7. 

 

 
Table 1.7: Italy – CO2 emissions from the electricity sector. 

 

 

YEAR VARIATION 

1990 1995 2000 2005 1990-2000 2000-2005 

 [Mt CO2 eq] %/year 

Electricity and heat Production 107.14 109.48 115.58 120.59 0.8 0.9 

Solid fuels 28.15 20.68 23.16 39.61 -1.8 14.2 

Gaseous fuels 15.79 14.81 38.62 57.90 14.5 10.0 

Liquid fuels 63.05 73.61 53.49 22.77 -1.5 -11.5 

Other fuels 0.15 0.37 0.32 0.31 11.3 -0.6 

Source: Unfccc-CRF(13/04/2007) 
 

So we can observe that from 1990 to 2000 both the use of coal for electricity production 

and its relative greenhouse gas emissions dropped, respectively, by 5.3 TWh (from 32.0 to 

26.7 TWh, see Table 1.2) and by 4.99 Mt-CO2-eq (from 28.15 to 23.16 Mt-CO2-eq, see Table 

1.7). Between 2000 and 2005 both rose however by 16.9 TWh (from 26.7 to 43.6 TWh) and 

by 16.55 Mt-CO2-eq (from 23.16 to 39.61 Mt-CO2-eq). 

In the period 2000-2005 a significant reduction in the use of oil derivatives for electricity 

production occurred, and there was therefore a matching fall in relative greenhouse gas 
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emissions (about 30 Mt-CO2-eq). On the other hand a sizeable growth in electricity 

production from gas increased greenhouse gas emissions by about 20 Mt-CO2-eq. 

Indeed, if we compare the growth in emissions with the growth in production, we see that 

it occurred in the context of a much greater increase in electricity production. Table 1.8 

(based on TERNA/Eurelectric data, which lies within the range of emission estimates) shows 

the increase in production from 1990 to 2000 and to 2005 highlighting that, compared to a 

40% increase in production from 1990 to 2005, the increase in emissions was only of the 

order of 19%. 

 
Table 1.8: Comparison between the increase in electricity production and the increase in emissions. 

 

Year Electrical 

production  

[TWh] 

CO2 Emissions 

[Mt] 

Increase in production 

compared to 1990 

Increase in emissions 

compared to 1990 

1990 216.9 123.4   

2000 276.7 143.1 27.5% 11.6% 

2005 303.7 147.0 40% 19,1% 

Source: TERNA/Eurelectric 

 

1.4 ITALY’S ENERGY EFFICIENCY  

To measure a country‘s energy efficiency the economic indicator of final energy 

intensity, defined as the ratio between primary energy consumption and gross domestic 

product (GDP), is often used. 

 

 
 

Fig. 1.8: Final energy intensity of the GDP of some EU countries 
(source: ENEA-Energy-Environment Report 2006). 

 

Until the late ‘90s Italy had final energy intensity values lower than the average for 

European Union states (see Fig. 1.8). In 2004, however, it had a final energy intensity 

comparable to the EU average (although slightly higher) and to that of France and much 

higher than Germany‘s (about +12%) and Britain‘s (about +25%). This demonstrates that in 

the last few years Italy has not managed to keep pace with most European countries which, 

even with greater economic growth, considerably reduced their energy intensities.
8
 

                                                 
8
 ENEA in its ―Energy environment report 2006‖ wrote: ―In Italy, after at least two decades (from 1975 to 1995) 

in which economic growth showed rates of variation much higher than energy rates, the trend seems to have 

reversed over the past few years, with GDP variations lower than (if not actually negative) compared to those 

for energy consumption. Energy consumption, despite the sharp slow down of GDP recorded in 2005, are rising 



22 

 

Analysing Italy‘s energy intensity trend from 1974 to 2004 we notice a first phase in 

which the value fell constantly because of high energy prices caused by the oil crisis; a period 

with stationary values followed until 2002; after which the intensity started to rise again (Fig. 

1.9).  

 

 
 

 
Fig. 1.9: Energy intensity in Italy, from 1974 to 2004 (ktoe/$) (source: FM 2008). 

 

Over the last two years however our country has reversed this trend, albeit slightly. In fact 

preliminary data for 2007 indicates a fall in energy consumption of 1.4% which follows on 

from the 0.8% reduction recorded the previous year. In this context the mild climate, high-

energy prices and the first results of the intervention policies launched by the Government in 

office have influenced events. 

                                                                                                                                                        
overall and seem to be dragged along above all by the variations recorded in the consumption of electricity and 

natural gas in the civil, service and residential sectors.‖ 
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2. Energy from fossil fuels 
 

 

Summary 

Fossil fuels play a dominant role thanks to several advantages that can be identified as their relatively low 

cost and the availability of abundant transport and refining infrastructures.  

As for coal, the cheapest fossil fuel, in a long term scenario one can forecast wide use of technologies with 

low environmental impact, such as clean coal and conversion to liquid hydrocarbons, both of which have 

already been developed and applied on an industrial scale. 

As far as oil is concerned, it is reasonable to assume that world reserves are equal to 2.5 times those used so 

far. Possible technological challenges in development and production concern the question of returns from the 

oilfields and the reduction in development and operational costs. To this we can add the exploitation of non-

conventional oils, which are continuing to grow in importance because of increasing concerns about the stability 

of the area where the deposits are located. Oil consumption trends in Italy since 1990 show a slight tendency to 

increase but with considerable fluctuations. 

Natural gas, a plentiful resource which is versatile in its applications, has limited environmental impact. It is 

used on a regional basis so that only 20% is channelled into the international market. It would be important to 

develop technologies for long distance transport and for conversion into liquid fuels.  

In Italy the consumption of natural gas has always tended to be higher than in most European countries. Its 

simplicity of use and the rapid development of combustion technologies with low environmental impact may 

favour its direct use for several applications, residential and industrial, where gas has now almost completely 

replaced the use of oil, while its penetration in the transport sector is still limited. 

Worldwide, according to current forecasts, almost half of natural gas consumption will be channelled into 

electricity production. Advanced technologies, such as combined and cogenerative cycles, may allow 

performances on any scale much higher than those of coal or oil plants. 

 

 

2.1 INTRODUCTION 

Currently a quantity of energy is used worldwide roughly equal to 13.8∙10
12

 W = 13.8 

TW of power, distributed 

between the various sources as 

illustrated in Fig. 2.1, which 

covers a time period from 1850 

to 2000.  

The curves shown indicate 

the important role played by 

fossil fuels (natural gas, oil, 

coal), which account for over 

80% of consumption, followed 

by about 10% produced from 

biomass, about 6% from 

nuclear and the rest from 

renewable energies (water, 

solar, geothermal, wind power). 

Italy‘s situation is in a sense 

atypical since it has banned the 

production of nuclear energy, 

favours natural gas and penalises coal. 

The dominant position of fossil fuels is due to the following advantages: 

– the relatively low cost of the energy obtained (~0.04 – 0.05 $ /kWh);  

– the availability of ample infrastructures for transporting the crude oil (1,000 barrels 

per second), refining it and distributing the finished fuels; 

Fig. 2.1: Trends over time (from 1850 to 2000) of 
consumption of the various energy sources (Science, 309, p. 
550, 2005). 
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– the availability of an efficient energy vector made up of hydrocarbon blends. 

The cost of energy produced from different sources differs, the lowest for energy derived 

from fossil fuels, the highest for energy from renewable sources. 

The mentioned consumption levels reduce as the costs of the various energy sources 

increase so that usage is substantially affected by economic factors. The dominant role played 

by fossil fuels therefore reflects their low cost, which has held back the advance of other 

energy sources. Thus modern industrial economies, from the energy point of view, are based 

essentially on the use of carbon derivatives by means of combustion. Hydrocarbons also 

constitute the raw material for the preparation of various widely used chemical products, 

above all polymer materials, and about 4% of oil is used for this purpose. 

 

2.2 COAL 

Coal is the most plentiful fossil fuel in nature. Proven reserves amount to about 900 

billion tons which represent about 2/3 of fossil fuels. The characteristics that also determine 

its commercial value are its carbon content, its calorific value and absence of impurities.  

The world‘s annual coal production, according to the International Energy Agency 

(IEA)‘s most recent estimates, is about 5.5 billion tons which covers 25% of global energy 

requirements. The main use for coal is for the generation of electricity and heat (68%); a 

significant share (18%) is used in the metallurgical sector. 

Unlike hydrocarbons, coal reserves are well distributed throughout the planet. Thanks to 

this peculiarity coal is the material least exposed to supply risks and market disturbances. 

Consumption is also expected to show constant growth (1.4%) with a strong preference for 

usage in the producing countries (85%) in the thermoelectric generation sector. However coal 

is particularly exposed to political environmental scenarios, both because of aspects 

connected to local pollution factors (ash, gas emissions, NOx, SOx, metals) and for its 

possible impact on global climate change because of its high output of carbon dioxide. It 

therefore seems justified to devote considerable attention both to increasing the performance 

of thermoelectric generation processes by direct combustion (supercritical steam cycles with 

a performance close to 50%) and to reducing gas emissions (NOx, SOx, metals, particulate) 

and solid emissions (vitrification and secondary use of ashes). 

Taking the long term view, two lines of development emerge for coal-based technologies 

with low environmental impact:  

– using technologies called clean coal, 

– converting coal into liquid hydrocarbons. 

In both cases a conversion cycle is created which allows the contaminating components 

and the green house gases obtained during the conversion of the mineral to be separated and 

captured. A process common to both lines of development is the partial combustion of the 

coal to give synthesis gas, capturing and permanently storing ashes, metals, carbon dioxide, 

sulphurated and nitrogenated compounds. 

Clean coal technology is based on the gasification of the coal to synthesis gas (CO/H2), 

preferably at the mouth of the mine, followed by the purification of the gas (and segregation 

of the contaminants), and then by the conversion of the gas into electrical energy, by means 

of the Integrated Gasification Combined Cycle (IGCC) with the stable capture and storage of 

CO2 in geological structures. 

In the liquefaction processes two possibilities are followed: 

– the direct transformation of the coal into liquids by a process of hydrogenating 

cracking, or pyroscission; 

– indirect liquefaction, which passes through synthesis gas with a later production of 

liquids by means of the Fischer Tropsch reaction or the synthesis of methanol and 

dimethyl ether. 
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Both of these technologies have been developed and applied on an industrial scale. 

Compared to the crude originating from oil, the products of the direct liquefaction of coal 

(syncrude) present significantly different distillation curves, especially with regard to the 

content of fractions with a high boiling point. The various fractions are characterised by high 

aromaticity and by the presence of significant concentrations of aromatic nitrogenated, 

sulphured and oxygenated compounds. The presence of heteroatoms, in particular nitrogen, 

sulphur, phosphorus, tends to be concentrated in the highest boiling fractions. These 

composition characteristics make liquids from coal unsuitable for direct use as fuel and they 

first have to undergo hydrogenating treatments (hydrotreating and hydrocracking). 

On the other hand a positive aspect of coal-based syncrudes is the absence of metals such 

as nickel and vanadium, widely found in natural crude particularly in the form of porphyrinic 

oil-soluble type complexes. Compared to direct liquefaction, the indirect way passing through 

the Fischer Tropsch reaction offers the advantage of producing fuels of excellent quality. 

 

b) The situation in Italy 

In what follows some significant information about the use of solid fossil fuels will be 

summarised. The data come from the ENEA report presented in the month of April 2007. The 

report classifies as solid fuels coal, coke and gases derived from them, and also other fuels, 

mainly made up of biomass and refuse, fuels therefore classifiable as renewable or 

assimilated sources. In some cases it was possible to separate the contribution of the latter 

from the contribution of fossil fuels, while in other cases this was not possible. 

 
Fig. 2.2: Consumption of coal, coke and derived gas in Italy from 1993 to 2005 [Mtoe]. 

 

The trend in the use of fossil fuels since 1990 shows, after an essentially stable period or 

with a modest increment approximately between 2000 and 2004, a significant increase linked 

above all to the increase in the use of coal for electricity production (the coming on line of the 

ENEL plant at Brindisi Sud). 

This increase is basically linked to the fact that coal is currently the fossil fuel which is 

cheapest and which offers security of supply. 

 

c) Direct uses 

Direct consumption of solid fuels can be attributed essentially to the steel industry and to 

a lesser extent, to the construction materials industry. A small percentage, approximately 

constant over time, is seen to be linked to non energy use, while the use of this kind of fuel in 

the service and residential sectors has been reduced practically to zero over the past 10 years. 
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d) Electrical energy production 

The increase in the use of coal over recent years is mainly due to its use in electricity 

production, increasing from 5 Mtoe in 1993, to 12 Mtoe in 2005. In percentage terms the use 

of coal in electricity production has 

roughly doubled, rising from less 

than 8% to almost 16%. This 

increase has also dragged upwards 

coal‘s percentage of total primary 

energy, which has gone from 6% to 

about 8%. In these applications coal 

has substituted progressively grow-

ing shares of oil.  

It must be stressed that the 

percentage calculated on total pri-

mary energy used for electricity 

production is different (and to be 

precise a little higher than the per-

centage of electricity produced by 

solid fossil fuels), thanks to the 

inferior output of the latter source compared to others. 

 

2.3 OIL 

Oil is made up of a mixture of gas, liquid and solid hydrocarbons, primarily saturated 

ones (open structured paraffins and cyclically structured naphthenes), followed by olefins, 

unsaturated because of the presence of double bonds, and aromatics, in which benzenic rings 

are present. It is believed that oil was formed from organic material deposited at the bottom 

of the sea by means of a fermentation process that lasted for some millions of years, with the 

participation of anaerobic bacteria and inorganic catalysts. The discovery of new deep 

deposits has breathed new life into the hypothesis that it may also have derived from mineral 

precursors. This possibility would open up new interesting perspectives for the availability of 

reserves. 

 

a) The global situation 

Every year 30 billion barrels of oil are extracted, about 1,000 barrels per second. It is thus 

legitimate to ask whether there is a sufficient quantity to meet future world demand and 

whether recent price increases are a sign of reserves running out. The cost of a barrel of oil 

fluctuates due to economic and political factors. The upward trend should partly be attributed 

to the discrepancy that has been created between the increase in demand, due above all to the 

increase in consumption in developing nations, and the limited extraction and refining 

capacity due to lack of investment. 

In accordance with a model formulated in 1956 by the geologist M. King Hubbert, 

working in Shell‘s laboratories, oil production follows a bell curve with its highest point at 

50% of the total quantity of oil present in the subsoil, including reserves and resources 

(Ultimate Recoverable Resources, URR). According to pessimists this peak will occur by 

2010, while, according to optimists, this event will not occur before 2020. As one can see 

there is considerable uncertainty, but it should be pointed out anyway that reaching maximum 

production will have profound consequences for our economy, which is profoundly 

dependent on this energy source.  

It is reasonable to assume that world oil URR resources are equal to about 2.5 times those 

used so far which amount to almost a trillion barrels. Exploration aims to identify and make 

Fig. 2.3: Percentage consumption of coal, coke and 
derived gas in Italy from 1993 to 2005. 
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available resources not yet explored or discovered, and requires ever more sophisticated 

technological and instrumentational know-how, which permits an increase in exploration 

success expressed by the ratio between positive wells and wells drilled. 

As already mentioned, world demand for energy shows a very high rate of growth, 

propelled by the population explosion and by economic and industrial growth in third world 

countries. In the emerging nations oil demand is growing at a rate about three times higher 

than that forecast for the OECD. In particular the transport sector will contribute significantly 

to increases in demand. It is also possible to forecast that over 80% of energy supply will be 

accounted for by the availability of fossil sources.  

The history of the oil industry has shown that the use of new technology can have a 

positive impact on a whole chain of activities including exploration, drilling, engineering and 

production, and cultivation of deposits. All of this contributes to growth in exploration 

returns, increases in the recovery factor of fields, improving the safety of operating 

conditions in the meantime and reducing environmental impact.  

New technologies have reduced the costs of finding and extracting oil by 50-80%, 

according to the geographical area. The most significant contribution was made by seismic 

and drilling technologies, with underwater and submerged production systems. The 

progression of discoveries over the last thirty years appears in constant growth and should 

reach over 30% (world average) in 2010. It will not infrequently be over 80% however in 

new areas of exploration where it will be possible to apply successfully some innovative 

exploration technologies which tend to improve the image of the subsoil using high 

resolution seismic signals. These techniques, thanks to improvements under way, will allow 

lithological bodies to be discriminated from fluid contents, such as oil, gas and water. 

Technologies to ―see‖ in detail geological bodies at great depth are being rapidly developed. 

A further advance in the identification of deposits will come from quantitative modelling of 

sedimentary basins and from techniques to analyse hydrocarbon traces on the surface. All this 

with the special use of geochemistry and aerial spectrophotometry, which in combination 

have led to very promising results.  

There are basically three great technological challenges in development and production 

and they are concerned primarily with the net increase in the recovery factor of oil bearing 

deposits and the reduction in development and operational costs. A further challenge that will 

be considered later is concerned with the exploitation of so-called non-conventional oils.  

Currently only about 30% of oil discovered is extracted on average, but some cases have 

shown that an integrated application of new emerging technologies may lead to recovery 

factors of over 70%. It therefore seems possible to reach average recovery factors of about 

50% by 2015. To this aim some exploratory technologies such as 4D seismic (three 

dimensional seismic repeated over time) and inter-well tomography, which will become 

widespread and will allow deposits to be monitored in real time, appear promising. This leads 

us to believe that, within ten years, most fields will be equipped with surface sensors also 

thanks to the miniaturisation of instruments and the use of optic fibres. It will be possible to 

maximise well productivity and the drainage of every part of the field and thus optimise the 

processes of Enhanced Oil Recovery (EOR). The problem of acid gas and sulphur 

management is linked on the one hand to protection of the environment, and on the other to 

the quality of the hydrocarbons produced. This aspect currently concerns 25%-30% of world 

natural gas production, but the share seems destined to rise over time by up to 40%, if areas 

like Russia and the Middle East become important players in the world supply of natural gas. 

We can thus foresee that over fifteen years there will be a considerable increase in annual 

production of sulphur linked to natural gas extraction. This raises a series of difficulties that 

demand technological progress both to avoid this production (re-injection of acid gases into 

the field) and to encourage new applications.  
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Growing concern about the political stability of the areas where hydrocarbon reserves are 

located increases the importance of resources of oils called non conventional oils, 

characterised by hydrocarbon fractions with a high molecular weight (heavy oils), which with 

tar sands constitute the largest known, but still little exploited, resource of hydrocarbons. It is 

expected that by 2030 the 

equivalent production of non 

conventional oil will be over 10 

million barrels per day (equal to 8% 

of the world‘s supply of crude), 

coming mainly from Canada‘s oil 

sands and from Venezuela‘s extra-

heavy crude. 

Independently of the moment at 

which the production peak may 

occur, in a long term scenario 

conventional oil will represent a 

decreasing share of total hydro-

carbon availability, while non 

conventional reserves, character-

ised, as mentioned, by hydrocarbon fractions with a heavy molecular weight, will tend to play 

a progressively preponderant role. With tar sands they constitute the largest known, but still 

little exploited, resource of hydrocarbons. In first approximation they can be classified on the 

basis of their high density (API degrees lower than 10°). This distinguishing characteristic 

means that usual extraction technologies cannot be used in production. World resources are 

estimated at about 6,000 billion barrels distributed mainly between Venezuela (Orinoco belt) 

and Canada (Alberta oil sands). At our current level of knowledge 650 billion barrels are 

technically recoverable from the tar sands and 430 billion barrels from the heavy and ultra 

heavy oils. 

Towards the end of 2005 the combined production of Canada and Venezuela reached 

about 1.7 million barrels per day, which represents barely 2% of world oil production. An 

important aspect of the exploitation processes of these non-conventional reserves consists in 

the total absence of mining risk since they are enormous well-identified deposits and their 

extraction rate depends only on their upgrading and refining capacity. 

Oil shale is fine-grained laminate sedimentary rock containing between 5 and 40% 

organic in a solid state (kerogen), or the not yet mature precursor of oil. From this it is 

possible to extract a mixture of hydrocarbons (oil shale) by means of heat treatment in 

surface plants. In the ―petronix‖ process for example the oil shale is heated to pyrolysis 

conditions (350-400 °C), generating up to a maximum of 200 litres of hydrocarbons per ton. 

Explored resources of oil shale (found in 33 countries) are estimated at about 2,900 

billion barrels. Of these about 2,000 billion are in the USA, mostly in Colorado (1,500 

billion) in the Green River Shale formation. With the present state of technology there are no 

reliable estimates of technically recoverable resources. On the basis of some considerations 

on the probable efficiencies for the conversion processes recoverable resources would 

amount to about 1,000 billion barrels. 

In conclusion, on the basis of the picture given above, it is reasonable to assume that for 

several years fossil energy sources will continue to play a major role, unless (i) significant 

discoveries are made reducing the cost and availability of carbon free sources, and (ii) 

external factors are introduced, such as environmental taxes which would significantly limit 

their use. 

fig. 11: distribuzione mondiale delle shale oil 

Fig. 2.4: Trends in primary hydrocarbon sources [millions 

of barrels per day]. 
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b) The situation in Italy 

Figure 2.5 shows the development of oil consumption in Italy since 1990, divided by 

petrol product. The figure shows a slight growth with ample fluctuations.  

The two most interesting segments, that cover most of the graph, are the second and the 

third, which identify consumption in the form of petrol and diesel. It is interesting to see how 

the total of these two has risen, but only extremely slightly, while there is an obvious 

reduction for petrol in favour of diesel. This means that an important part of transport has 

shifted to diesel power, with an increase in efficiency that has obviously compensated at least 

partially for the increase in traffic.  

 

 
Fig.2.5: Evolution over time of oil consumption in Italy [Mtoe]. 

 

c) Direct uses 

Over 50% of global crude production has to satisfy transport demand and this is destined 

to increase by up to 54% by 2010. The International Energy Agency forecasts that, in the 

long-term, energy demand for the transport sector will grow by 2.1% annually on average. 

Since the environmental pressure in the transport sector is high, it becomes necessary to 

identify strategies and measures tending to reconcile growth in demand with the aim of 

reducing emissions. For these reasons, national and international authorities, the oil 

companies and vehicle manufacturers are pressing to make movement by motor vehicle ever 

more eco-compatible. In fact vehicles and fuels can be devised and used in such a way as to 

limit the possible impact on the local and global environment. In the major areas of the world, 

regulations impose stringent requirements for the content of sulphur and aromatic 

compounds, by adopting appropriate technology to arrive at the required quality. Western 

Europe, the USA and Japan have available refineries with high desulphurisation capabilities, 

while the refining systems in other areas are less satisfactory. Sixty-five percent of the petrol 

market is made up of low sulphur quality petrols; as far as diesel is concerned, from 2007 

60% of world demand will be made up of low sulphur diesels. The outlook for market 

penetration of non-oil based fuels depends on the regulations that will be introduced to 

encourage the use of less polluting products. Hydrogen represents a possible niche fuel in 

future. Other innovative transport technologies also include electrical engines powered by 
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batteries, hybrid systems or fuel cells. Given the foreseeable impact on distribution and 

refining, the definition of the optimum fuel for these categories of vehicles will require 

solutions and decisions more at a political level than at a technical one. Extensive market 

penetration by new propulsion systems is not expected before 2020, as transport 

infrastructures become established. 

 

d) Conversion into electrical energy 

As indicated before, only a minimum share of oil, tending to diminish even further, is 

used for electricity production. This share was about 10.3 Mtoe in 2004 and about 7.9 Mtoe 

in 2005. 

On the basis of the investment programmes of Italy‘s main electricity companies, we can 

assume that the use of oil to generate power will practically disappear over the next few 

years, because of its high costs, unless it occasionally comes back into favour due to limited 

supplies of other fuels, as happened in the gas crisis in the winter of 2006. 

 

2.4 NATURAL GAS 

Natural gas is mainly made up of the simplest of hydrocarbons, methane. It is estimated 

that there are large quantities of easily extractable natural gas in the world. Another major 

potential source of methane would be the so called ―hydrated gases‖, consisting of solid 

whitish masses, made of methane and other hydrocarbons with a low molecular weight, 

trapped in a special crystalline structure of ice. The water molecules form a rigid lattice, 

which contains cavities with a diameter of about 8 Å, able to house the methane molecules; at 

full saturation there is one methane molecule present for every six molecules of water. 

Natural gas is a plentiful resource and versatile in its uses, which allows uses with 

reduced local environmental impact. Its distribution is characterised by regional or macro-

regional logistics. On average, about 80% of production put on the market stays in the region 

of production, while the remaining 20% is launched onto the international market. To satisfy 

growing demand for gas from other localities calls for gas transport technology over land for 

long distances, the laying of deep water gas pipelines, the planning, construction and 

maintenance of gas pipelines in hostile environments, and the transport of liquefied gas 

(LNG). About a fifth of identified reserves of gas is not put on the market and is defined as 

―remote‖, because of the high costs of the infrastructures necessary to transport it from the 

production areas to the areas where it would be used. This type of reserve includes: 1) 

unextracted gas from established deposits; 2) gas associated with oil production, re-injected 

into the field, burned or released into the atmosphere. The possible exploitation of reserves 

and deposits of remote gas is a strategic option that depends on economic and environmental 

motives. Where the distances and quantities in question allow it, the transport of natural gas 

reaches its market outlets by means of pipelines, either conventional or high pressure ones. 

Nevertheless, in a context of growing demand, and also given the major projects under way 

for the transport of gas via pipelines, liquefied natural gas (LNG) maintains a good position 

in international trade: in 2002 about 450 Gm
3
 of methane were imported/exported by gas 

pipelines while 150 Gm
3
 were sold as LNG. 

The factors governing the LNG market are growing demand, which encourages 

investment in the sector, possible diversification of supply, environmental limitations with 

regard to atmospheric immissions. The lines of research and innovation aim at reducing costs 

along the whole chain (liquefaction, storage, transport, regasification) in order to make the 

LNG competitive. Another technological option which combines the opportunities furnished 

by the great availability of gas in remote areas with the increase in the demand for liquid 

fuels is represented by the chemical conversion of natural gas. The gas-to-liquids (GtL) 

supply chain allows us in fact to use the reserves, obtain high quality synthesis fuels, lacking 
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in sulphur or aromatics, and diesels with a high cetane number. Yet another option for 

exploiting natural gas is the conversion to appropriate energy vectors, such as methanol and 

dimethylethene, which can be used directly as fuels or for the production of intermediates for 

chemical use. 

 

 
Fig. 2.6: Development of natural gas consumption in Italy over time [Mtoe]. 

 

a) Hydrated gas 

The first announcement of the discovery of methane hydrates in natural deposits dates 

back to 1965, when the first samples were observed in the Siberian permafrost followed by 

analogous findings in the Arctic areas of Canada and Alaska. Later it was realised that 

although they are stable at low temperatures and relatively high pressures they are widely 

found in a crystalline phase in many areas of the planets. There is considerable uncertainty 

about the estimates of the size of these resources however. Estimates made at the end of the 

‘80s (20·10
15 

Nm
3
) were based on the hypothesis that the hydrates were concentrated at the 

continental margins where the formations containing organic material destined to turn into 

methane over time are more commonly found. In reality the very structural stability of the 

seabeds is heavily dependent on the properties of the hydrates. Studies of the giant landslide 

that took place about 8,000 years ago at Storegga, in the Norwegian Sea, identified the 

structural collapse of unstable hydrate formations as one of the possible causes. This gives 

rise to an extremely cautious attitude when considering the possible exploitation of this 

source. Our knowledge of the possibilities of such exploitation is still at an early stage. In 

order to free the methane contained in the hydrates it is necessary to provide energy, even 

though there is a substantially positive balance between the combustion energy provided by 

the methane itself and the energy necessary to free it from the crystalline structure of the 

hydrate that contains it. The processes currently being evaluated are respectively: 

– depressurising the deposit by production of the free gas underlying the formation of 

hydrates; 

– heating by injecting steam or hot water; 

– unfreezing by injecting additives (methanol, glycols); 

– destabilisation by CO2 injection and attendant CO2 hydrate formation; 

– mining extraction by conventional means. 
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b) The situation in Italy 

Italy‘s consumption of natural gas has always tended to be higher than in most European 

countries. It is the source that has expanded most in the period being considered, rising from 

about 30,000 Mtoe in 1990 to 45,000 Mtoe in 2005. 

 

c) Direct uses 

The simplicity of natural gas use and the rapid development of combustion technologies 

with low environmental impact promotes its direct use in numerous applications, both 

residential and industrial, where it has almost completely replaced oil, while its penetration of 

the transport sector is more limited because of the constraints of accumulation capabilities. 

 

d) Conversion into electrical energy 

Worldwide the electrical sector will require expansion able to provide a capacity equal to 

about 4800 GW by 2030 in order to satisfy increased demand. By that year, almost half the 

world‘s natural gas consumption will therefore be devoted to producing electricity. Advanced 

technologies, such as combined and cogenerative cycles, will allow, on any scale, 

performances much greater than those of conventional coal or fuel oil plants to be reached. 

The Kyoto Protocol, which came into effect in February 2005, encourages increases in 

efficiency and the use of cogeneration, compatibly with the 18% target by 2012 urged at a 

European level. 
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3. Water power 
 

 

Summary 

The use of water power is one of the most ancient ways of exploiting natural energy. 

Italy‘s hydroelectric output, which accounted for about 2/3 of the total in 1963, has remained almost 

unchanged over time, progressively diminishing its importance in percentage terms. 

Compared to current yearly hydroelectric output, which varies between 40 and 45 TWh, we can assume 

Italy‘s residual potential to be a figure of 15-20 TWh. To exploit this potential completely however would 

require that difficult obstacles of various kinds, technical, environmental and economic, be overcome. 

Optimistically one might assume between now and 2020 a retrieval of the order of 20% of this potential, equal 

to 3-4 TWh yearly, with an output that could reach around 45-50 TWh, in relation to the evolution also of the 

country‘s hydraulicity (that is to say the overall water resources available in the hydrographic basins used for 

electrical power production). 

 

 

3.1 CURRENT STATUS 

The use of water power is one of the most ancient ways of exploiting natural energy, 

developed originally by means of mechanisms for transforming the energy from water flow 

into mechanical energy. With the advent and rapid spread of electrical energy at the end of 

the 19th Century, this resource began to be exploited ever more intensively; transformation 

into electric energy replaced conversion into mechanical energy, so much so that this kind of 

energy is often described as ―obligatory electrical use‖ energy. 

Thanks to wide availability of water resources in the Alps, and to a lesser extent in the 

Apennines, Italy‘s electricity industry was born basically as a hydroelectric industry. In 1963, 

the year when the industry was nationalised and ENEL was set up, there were already 

hydroelectric plants with a capacity of 12,500 MW and that year hydroelectric production 

was 46 TWh, which corresponded to 65% of total electricity production.  

From 1963 to 2006 installed power has almost doubled, thanks to the construction of 

large pumping plants. So there has certainly been no lack of investment. If we look at 

production however, we see that it has stayed basically constant, with major fluctuations due 

to varying availability of water for hydroelectric production. This in fact has been influenced 

both by climate change, which has led to a reduction of water flow, and by changes in 

regulations, with the introduction of the concept of Minimum Vital Outflow. 

Figure 3.1 shows the trend in primary production and in production due to pumping
9
, over 

a long period, from 1963, the year when ENEL was established, to 2006. Analysis of the 

graph shows primary production fluctuating typically between 40 and 45 TWh, with some 

more or less accentuated peaks. There were peaks < 40 TWh in the mid ‘70s, in the early ‘90s 

and more recently in 2003 and 2005. There were peaks > 45 TWh in 1979 and in 2001. It is 

interesting to note that the average figure for primary production was 41.3 TWh considering 

the whole period from 1963 to 2006, and practically the same, 41.1 TWh, considering only 

the past ten years. We can therefore conclude that in reality there is no particular reason to 

                                                 
9
 The production data derive from statistics put on the web by TERNA, the company with a majority public 

shareholding that administers electrical energy production in Italy (website www.terna.it).  

The TERNA data provide in the first instance the energy values provided overall by all hydroelectric plants, 

both those fed by natural flows and from pumping plants. For the years from 2000 the figures are also available 

disaggregated into its two component parts. The appraisal in this chapter has been extended to the years prior to 

2000 assuming that the energy from pumping is equal to absorbed power (data available in the TERNA 

database), multiplied by an overall system performance of 73%. 

http://www.terna.it/
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fear a steady drop in production in future, and that the negative factors discussed above have 

so far been basically counterbalanced by the increase in installed power. 

As far as this aspect is concerned, we notice that, compared to 12.5 GW in 1963, in 2006 

production had reached 21.3 GW, of which a third was provided by pumping plants
10

. Of the 

remaining plants, about 85% was associated with plants with a power of over 10 MW, about 

2.5% with plants below 1 MW. Programmes under way allow us to forecast a development in 

the medium term of primary plants up to about 14,300 MW for those plants above 10 MW, 

and about 2,400 MW for those of less power. 

 

3.2 FUTURE TRENDS 

As can be deduced from the production trends over the past few years, the possibilities for 

hydroelectric production expansion are rather limited at present. It might be interesting to 

examine the potential for microwater power, which, according to some scholars, would 

amount to hundreds of MW and 

might also involve the agencies 

that manage reservoirs and river 

basins: such potential might 

justify technological innovation 

for the exploitation of this 

potential at more limited costs. 

A more detailed analysis of the 

potential of small plants is 

contained in the CESI report 

―Development of the residual 

potential of minor hydroelectric 

power in Italy‖, edited by E. 

Brega in 2001 in the context of 

the ―Ricerca di Sistema‖ (Research System). 

To sum up we can state that, even in a framework of progressive exhaustion of non 

exploited availability of water sources, it should be possible to reach by 2020 an overall 

power of about 18,000 MW, of which 3,000 MW from plants of less than 10 MW. 

This figure might represent the limit for this source since almost all experts agree that 

Italy has an annual hydroelectric potential of 65 TWh. In this context, it is necessary to bear 

in mind planning and environmental restrictions, sometimes impossible to overcome, which 

make it extremely difficult to exploit this potential to the full, such as the one year 

moratorium which recently affected the Province of Sondrio and which represents a 

significant example. 

The unit costs in order to reach the power objectives given above are expected to increase 

given that any initiatives will be ever more marginal and that a mature technology is 

involved. 

In conclusion, compared to current hydroelectric production, which varies as we have 

seen between 40 and 45 TWh, we can assume that Italy‘s residual potential is of the order of 

15-20 TWh. To exploit this potential completely would require that difficult obstacles of 

various kinds, technical, environmental end economic, be overcome. Optimistically we could 

hypothesise that between now and 2020 around 20% of this potential could be recovered, 

equal therefore to 3-4 TWh, with a production of around 45-50 TWh, bearing in mind also 

evolution in hydraulicity (water resources available in the hydrographic basins used for 

electricity production). 

                                                 
10

 Including all the power from mixed pumping plants. 

Fig. 3.1: Trend in hydroelectric production from 1963 to 
2005. 
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4. Energy from geothermal sources 
 

 

Summary 

Geothermal energy is produced by the nuclear reactions that take place in the Earth‘s core.  

About 9 electrical GW (equal to 78.8 TWh/year) are available from geothermal sources worldwide. Italy has 

the fourth largest installed geothermal capacity in the world (795 MW – 6.96 TWh/year). Analysts estimate that 

Italy could have the world‘s greatest geothermal potential per single inhabitant.  

For several years Italy‘s geothermal output for electricity production has remained basically stable at around 

5.3-5.5 TWh/year. There is not believed to be scope in this sector for significant increases, given that the power 

level is set by the potential of the geothermal fields that are already exploited. It might be possible to increase 

output from 5-6 TWh to about 6-7 TWh. Low enthalpy plants for heating and/or air-conditioning buildings 

might make an important contribution here. 

 

 

4.1 INTRODUCTION 

Geothermal energy is produced by nuclear reactions taking place at the Earth‘s core. The 

average geothermal energy flow is equal to 0.057 W/m
2
. Given that the Earth‘s surface is 

equal to 5.2·10
14

 m
2
 the Earth‘s geothermal potential is equal to 30 TW. If we only consider 

emerged land (about 30% of the total surface) this potential is reduced to 9 TW [1,2]. In 

reality this limit can be overcome since it is possible to think of off-shore installations located 

at strong anomaly sites. In geothermal jargon the word anomaly indicates the excess of 

energy flow compared to the average base rate, so an anomaly of 10 means that at that site 

the energy flow is ten times higher than average. This is basically due to a reduction in the 

thickness of the Earth‘s crust in the regions of friction between tectonic plates, as illustrated 

in Fig. 4.1[3]. 

 

 
Fig. 4.1: Localisation around the world of strong geothermal anomaly regions and of 
power generation plant installations [3]. 

 

4.2 TECHNOLOGIES 

Today the exploitation of geothermal energy is mainly carried out by hydrothermal type 

procedures, in other words based on the use of natural sources of mixtures of water and steam 

at high temperature (greater than 150-200 °C). This means that a technology is used in which 

a hole is simply drilled into a layer of hot rocks containing hot fluid, which emerges on the 

surface and is then sent to a turbine after being purified of its corrosive and harmful elements 
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and of the rock detritus that is dragged along by it. Unfortunately, these sources are a real 

miracle of nature and can therefore only be exploited in a few cases. If the rock layer is hot 

and dry (hot dry rock or more simply ―HDR‖), it can be flushed with water, which is 

transformed into steam and used to move turbines or other thermal machines.  

It appears to be more profitable to use hot dry rocks because they are easier to locate than 

hydrothermal fields. Indeed, on average general terms, the Earth‘s temperature rises by 30° C 

for every 1,000 metres of depth. Therefore, again in principle, at any point of the Earth‘s 

crust it is possible to find rocks at the desired temperature as long as an adequate depth is 

reached. For example, rocks at a temperature of 150° C may be found from a depth of 5 km. 

So HDR technology consists of creating at least one downward conduit (sending ―cold‖ 

liquid towards the hot rocks) and at least one return conduit (collecting the ―hot‖ fluid) as 

illustrated in Fig. 4.2 (a) [4]. 

 

 

  

(a) (b) (c) 
Fig. 4.2: (a) diagram of an HDR plant. (b) and (c) hypothetical advanced closed circuit 
geothermal plants with multiple coaxial boreholes and with a deep heat exchanger, 
respectively. 

 

Because of the low thermal conductivity of the rocks, it is necessary, in order to extract 

energy with an economically attractive production speed, to create a high thermal exchange 

surface by means of an appropriate fracturing of the rocky layer contained between the 

downward and upward bore holes, achieved by various methods, such as the use of fluids 

under pressure or explosives or heat. Control of the fissures created by the fracturing of the 

rock is not such as to guarantee a well defined path for the thermal vector fluid, which in this 

case always consists of pressurised water, between the downward and upward bore holes. 

Moreover this path is not stable over time because of the movement of the rock rubble 

dragged along by the fluid, or incrustation phenomena due to the deposit of secondary 

mineral phases, factors which in the long term may lead to a blockage of the previously 

established ―hydraulic circuit‖. Moreover, small modifications may anyway considerably 

alter the flow of the water since it always follows the path of least resistance while the size of 

the ―hydraulic circuit‖ is also affected by the limited distance between the downward and 

upward bore holes in order to allow the fracturing of the underlying rocks. So the exploitation 

of layers of hot dry rocks by means of this technology is subject to limitations and very 

variable performances which may prejudice the economics of the process itself. Finally, the 

steam obtained is heavily contaminated, even more so than that from geothermal deposits, 

and it therefore has to be appropriately treated, both before entering the turbine and before 

being sent back into the circuit after condensing. Not least there is the problem of the 

percolations of the fluid, which leads to losses in deep strata without any chance of recovery. 
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This drawback is a major problem for areas where water is a valuable resource. All these 

factors combine to determine a modest return pressure for the fluid (a few atmospheres) 

which limits thermodynamic yields. Therefore, the solutions proposed so far are not suitable 

for the creation of large scale power plants since, until now, the largest plants based on HDR 

technology and its modifications are limited to 5 MW. Also the modest duration of these 

plants over time is not such as to allow adequate amortisation.  

Therefore, the prospect of exploiting geothermal potential requires the creation of closed 

circuit plants called enhanced geothermal systems. The aim of these future generation plants 

is to create a real heat exchanger, characterized by a small diameter network, so as to produce 

a large thermal exchange surface, as illustrated in Fig. 4.2 (b) and (c) [5]. Current technology 

allows coaxial pipes (well bores) to be constructed in which the pressurised fluid is injected 

on the outer side and collected from the inner pipe on its way up [6]. Thermodynamically the 

solution of ―laying‖ an exchanger of ―horizontal‖ pipes at the right depth would be more 

efficient. At the present moment however this solution presents difficulties of a specifically 

technological nature, since the deep drilling technologies are not yet able to construct such 

systems. 

We must also stress ―drilling risk‖, that is to say the chance that drilling may not reach 

fields with temperatures of interest for exploitation. This risk is high whenever previously 

unstudied areas are explored by means of sample drilling or previous installations. 

 

4.3 THE CURRENT SITUATION 

Today, geothermal energy exploitation is basically limited to the exploitation of 

hydrothermal deposits. As summed up in Table 4.1, about 9 GW of electricity from 

geothermal sources are produced worldwide. In Italy, from the exploitation of the geothermal 

sources at Larderello (Livorno), ENEL now extracts electrical energy amounting to 1.5% of 

electricity share (about 0.63 GW - 5.5 TWh/year) with a target of arriving at 2-2.5% in the 

medium term.  

 
Table 4.1: Italy’s world placing in electricity production from geothermal sources (2005 data) [7]. 

 

 

 

 

An estimate of the country‘s geothermal potential carried out by ENEA in 1993 indicates 

that in Italy the resources overall for electricity generation (sites with a rock temperature 

higher than 200 °C and depths of less than 3 km) amount to 4.7-5.3 GW in the major anomaly 

areas. Figure 4.3 gives the thermal distribution of Italy‘s subsoil, highlighting the 

considerable potential for this source as far as our country is concerned [8]. In the Campi 

Flegrei area (Naples) and the Larderello area (Livorno) anomalies of the order of 100 are 



38 

 

found. There is also the undersea Tyrrhenian ridge, where the anomaly values can reach over 

200, corresponding to energy flows equal to 5-10 W/m
2
. 

 

 
 

Fig. 4.3: Distribution of geothermal energy flow in Italy [8]. 

 

4.4 FUTURE PROSPECTS 

As with all renewable sources, the chances of market penetration for geothermal power, 

without incentives of a political nature, depend on its availability and cost. This latter factor 

is due almost entirely to the amortisation of investment costs and to running costs, since the 

―raw material‖ is free and maintenance costs are usually limited. A geothermal electricity-

generation plant basically consists of two parts. The part ―above ground‖, completely 

analogous to a conventional thermal plant, where the steam produced in the ―geothermal 

boiler‖ is converted into electricity by means of a thermodynamic steam cycle (of the 

Rankine or Kalina type). The costs of this section of the plant are similar to those of a 

thermoelectric plant of analogous power (if the temperatures permit water to be used as the 

thermal fluid) or slightly higher (if lower temperatures demand the use of water/ammonia 

mixtures), since the steam is generated in a heat exchanger, which collects the fluid from the 

geothermal circuit, instead of in a boiler, while the remaining equipment (turbine, pump and 
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condenser) are exactly the same. The expensive part is the drilling carried out in order to find 

the hot field. This cost depends on the depth that has to be reached and on the nature of the 

rock layers that have to be drilled through. In average terms they are around 1-1.5 M€/km 

drilled [9]. Therefore, supposing that a field at the right temperature is located at around a 

depth of 3 km, simply drilling a downward and an upward bore hole involves an investment 

of between 6 and 9 M€. The whole question of profitability rests on the years of amortisation 

of this investment. Consider, for example, that at Larderello there are wells that are still in 

use after more than 100 years. 

We must stress a final fundamental advantage related to EGS Geothermal closed circuit 

plants: safety, total respect for the environment, the absence of CO2 emissions; indeed the 

thermal exchange fluid, in forced circulation in underground pipes, comes into no contact 

with the rocks or with the subsoil in general, excludes any negative implications for the 

environment and local inhabitants, with absolutely no waste products; the balance between 

the plant‘s capacity, the extracted heat and natural equilibrium, would ensure the system‘s 

continuity and sustainability in the long term. 

 

4.5 EXPLOITATION OF LOW ENTHALPY SOURCES 

To conclude our analysis of geothermal sources it is important to highlight the possible 

contribution of ―low enthalpy‖ approaches. Here all those installations that allow us to obtain 

a fluid around 70 °C are used, so that they can be employed for heating traditional buildings 

equipped with radiators; in well insulated buildings with radiating panels the fluid can 

already be used at only 30 °C; using the well known and developed technology of heat pumps 

would allow geothermal fluids at even lower temperatures to be used, exploiting a few 

degrees of ―thermal jump‖. Consider that a city like Milan consumes the equivalent of 1.2 

GW to heat itself. Much of this energy could be recovered by subtracting heat from abundant 

water in the superficial water table (cooling it to 1-2 °C compared to the original 15°C), and 

raising it to the required 70 °C by means of a heat pump, which essentially produces four 

times the energy that it consumes in order to sustain itself (a heat pump raises the heat that it 

extracts from a cold source to the hot temperature for use at the expense of mechanical 

energy). 

Bearing in mind Italy‘s geology illustrated in Fig. 4.3, domestic and industrial heating 

systems based on low enthalpy technologies could be set up practically anywhere. At the 

moment, dynamic operating systems of the uppermost part of the subsoil are also being 

considered, which would envisage the collection of heat from the subsoil during the winter 

cycle (when buildings have to be heated) and that return heat to the ground during the 

summer cycle (when buildings have to be air conditioned). 

 

4.6 CONCLUSIONS 

The best conclusions on the use of geothermal energy sources were expressed by the US 

Department of Energy (DOE), which in a 2005 report pointed out that ―Italy's most promising 

source of renewable electricity generation could be geothermal. The first-ever geothermal 

power generation took place in Larderello, Tuscany at the beginning of the 20th century. 

According to the International Geothermal Association (IGA), Italy has the fourth-largest 

installed geothermal capacity in the world (795 MW)…. Analysts estimate that Italy could 

have the largest, per-capita geothermal potential, in the world‖
.
 

So, to sum up, what limits the development of this energy source? Essentially, the 

simplicity of running a power plant in the Larderello area has, in a sense, hampered any 

search for new sites, even of a hydrothermal nature. Other installations, such as in the area 

around Lake Bolsena (Viterbo) have been halted by considerations of a social nature due to 

rejection by the local inhabitants after ENEL had already carried out all the necessary drilling 
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(an overall loss of about 200 M€). With the aim of developing a technology, and a subsequent 

business model, exportable to other situations, the exploitation of hot and dry rock fields 

seems to be the most promising, although we should still persevere with research into drilling 

systems that would allow the construction of closed circuit plants with a large exchange 

surface. Finally, it would be a real pity not to aim at the minimum objective of considerably 

increasing low enthalpy installations for heating residential and industrial areas. These 

involve the use of tried and tested technologies and are therefore already available today in 

order to set up plants throughout the country. To sum up, this would allow us to exploit a 

precious energy resource, widely available in Italy, both for electricity production and for 

heating, which is completely compatible with the environment, safe, continuous, and full of 

important technological and industrial opportunities for our country. 
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5. Energy from biomass 
 

 

Summary 

The term biomass includes any organic substance of biological origin that can be used as a source of energy 

or as a raw material in the industrial field. In Italy biomass constitutes the most important renewable source, 

contributing to the nation‘s energy budget, after hydroelectric power: in 2005, including refuse, biomass 

provided just over 2.5% of primary energy, mostly devoted to the production of thermal energy and electricity. 

The processes ripe for the exploitation of biomass energy which are used significantly in Italy are direct 

combustion of biomass as such and biogas production from anaerobic fermentation of animal husbandry, civil or 

agro-industrial waste. 

In the European Union, the prospects for the use of biomass for energy purposes should be seen in the 

context of a strategy that sets the aim of producing 20% of energy from renewable sources by 2020. 

In the biofuel sector, given the excess of petrol in the European market and the lack of a distribution network 

for ethanol, more attention will be paid, in the short-medium term, to the chances of opening up the market for 

diesel derived from vegetable oils. However in Europe the biodiesel yield per cultivated hectare is modest. In 

Italy, this is aggravated by the limited quantity of land that can be used for oil rich crops, which in any case 

makes it hard to reach an adequate critical mass. It follows that, given the aims set in the EU context, significant 

biodiesel production would have to be based on imported feedstock, with economical and regulatory 

implications, as well as environmental and social ones. 

The production of electricity from biomass has grown steadily over the last few years. In 2006 it was 6.7 

TWh. It would be desirable for this trend to continue, since it could also contribute to the solution to the age old 

problems of rubbish disposal. An yearly output of 16 TWh can be hypothesised for 2020. In the short to medium 

term it will be necessary to concentrate on small size cogeneration plants, 2-300 kW÷1-2 MW, for the 

production of electricity, steam and hot water intended for mountain and rural areas, in order to exploit as 

efficiently as possible the local availability of raw materials. In the large urban areas it is necessary to make 

priority investments in the thermal conversion of solid urban waste for the cogeneration of electricity, steam and 

hot water to be integrated with networks for industrial use (especially for small and medium industries) and 

domestic use (district heating). 

 

 

5.1 INTRODUCTION  

By biomass we mean in general any organic substance of biological origin that can be 

used as an energy source or as a raw material industrially. As can easily be imagined, the 

term refers to an extensive variety of compounds and materials. If we consider the 

applications in the energy field, which include both direct use, such as the generation of 

thermal and electric energy, and the production of energy vectors (which can be used in 

particular in transport and which in this case are called biofuels), among all the forms of 

biomass the following are particularly important: wood from the management and intensive 

exploitation of woods and forests, various substances derived from waste from agriculture, 

from animal husbandry and from industry (in particular the agrofood, wood and paper 

industries), domestic urban refuse and, finally, agricultural products intended for energy use.  

With over 1,100 Mtoe, in 2004 biomass accounted for about 10% of primary energy use 

worldwide. Moreover its use is distributed extremely unevenly between different countries: in 

Africa, for example, it (mainly wood, straw and animal waste) constitutes on average more 

than 40% of primary energy available, a value that in some countries however can be over 

90%. In the industrialised nations (OECD) however biomass contributes barely 3.4% to 

primary energy use. In particular, the USA obtains about 3% of its energy from biomass and 

the EU just over 4%, with peaks of 20% in Finland and 16% in Sweden, while with less than 

2% of requirements met by biomass, Italy is below the European average. In the EU, the 

prospects for biomass use for energy purposes must be set within the strategy that aims to 

produce 20% of energy derived from renewable sources by 2020. This strategy has the aim of 

respecting the objectives for greenhouse gas reduction laid down by the Kyoto protocol and 
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of limiting dependence on imports from the hydrocarbon producing countries, by fostering 

resources that are locally available, such as biomass.  

In terms of final use, much of the biomass used today in the world, accounting for about 

7% of available primary energy, satisfies the requirements of the domestic sector in the 

developing countries. Instead, in the industrialised nations biomass is primarily used in the 

industrial sector and for thermal/electrical generation and for the production of biofuels. The 

following chapters are dedicated to these two latter sectors, given the prospects for 

development in their respective markets. 

 

5.2 USE OF BIOMASS FOR THE PRODUCTION OF THERMAL/ELECTRICAL ENERGY 

Direct use of biomass in plants for the production of thermal and electrical energy is 

generally based on fuels such as wood, waste from wood processing (sawdust, woodchips, 

etc.) and agricultural by-products of a wood-cellulose type (straw, etc.). Given that the 

production of thermal energy represents the first stage for the most common plants available 

today for the generation of electrical energy from biomass, in the text that follows we shall 

tackle this second and more complex field which in practice also includes the first one. 

In 2004, biomass, and refuse which can be assimilated to it, led to the production of 227 

TWh, just over 1% of total electrical energy generated worldwide. Of these, no less than 196 

TWh were produced in the OECD nations. 

A general picture of the conversion technologies that can be used is shown in Fig. 5.1, in 

which power fields, specific investment costs and conversion rates of the main systems for 

producing electrical energy from biomass are summarised. 

 

 
Fig. 5.1: Conversion technologies and relative conversion efficiencies 

 

Figure 5.1 indicates that for higher powers it is possible to use a steam turbine cycle or a 

gas turbine cycle, after gasification. In fields with lower power (of the order of 1-3 MWe), 

applications are possible with gasifier-internal combustion engines, alternative steam engines, 

or (a solution not indicated in the figure) organic fluid engines. In a future that today seems 

far from any commercial applications, it might be possible to combine biomass gasification 

with the various fuel cell technologies.  

The plants for producing electrical energy from biomass that are most common today are 

based on Rankine steam cycles coupled with boilers of two types: grid furnaces, fixed for low 

energies or moveable for high energies, or fluidised bed boilers (boiling or circulating). 

Recourse to fluidised bed boilers instead of the more conventional solution with a grid boiler, 
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as well as giving better boiler performance, also allows more extreme steam conditions to be 

adopted and therefore provides better thermodynamic cycle performance. For particularly 

difficult feedstocks a rotating drum can be used. Both grid and fluidised bed boilers can now 

be defined as mature technologies, even though the peculiarities of the biomass require 

specific adaptations compared to other applications. Improvements are expected in 

conventional systems, in particular to tackle the aggressive characteristics of some kinds of 

biomass. 

The high specific costs of biomass plants, together with their necessarily limited output 

(the size of the biomass plant is affected by the size of the collection area for the biomass 

itself) leads us to consider the possibility of adopting ―hybrid‖ solutions, in which the 

renewable source is used alongside a conventional fossil source, with a share that arrives on 

an energy basis at 10-15% of the plant‘s total requirements. The technical feasibility of co-

combustion of biomass and coal has been demonstrated with the main combustion systems 

developed for coal (steam powder generators, both frontal and tangential and with a fluidised, 

boiling and circulating, bed). Several tests have been carried out at existing coal plants, both 

in the USA and in Europe. The trend is in the direction of boosting a growing biomass share. 

Farther away from the commercial application stage is gasification technology, in which 

the biomass is fed into a reactor (atmospheric or pressurised) which, in the presence of air 

and even steam, transforms it into a synthesis gas or syngas
11

 with a medium/low calorific 

power. According to the size of the plant, the requirements of any thermal users, and the 

pressure of the syngas, the latter can be sent to an alternator engine, to turbogas, to a 

combined cycle or, with appropriate precautions, even to a fuel cell. For this biomass 

treatment method too, as for combustion, integration with high power plants is possible: 

combined cycles, by means of mixing synthesis gas with natural gas; steam cycles, using 

synthesis gas to carry out reburning in the boiler so as to minimise NOx emissions. The 

technology is at a pre-commercial stage of large scale demonstrations and, in future, 

improvements are expected above all in purification systems for the synthesis gas. Known 

and documented experiments on a significant scale are seen in the Finnish pilot plant at 

Tampere and the Swedish demonstration plant at Värnamo. The latter, built between 1991 

and 1993, was an important step forward in the development of efficient biomass-based 

technologies with low environmental impact. The original demonstration programme, which 

came to an end in 2000
12

, showed moreover the need for the technology to be confirmed in 

power plants designed for commercial use. Amongst the various results obtained, it should be 

stressed that the most severe problems were due to the filtration systems, initially designed to 

be hot ceramic candle filters, later replaced by metal filters that proved to be more reliable. 

The greatest development of electricity production from biomass is expected in Europe 

and North America. It should be pointed out that a significant share of electrical energy today 

is produced by plants using biogas from the anaerobic fermentation of refuse and organic 

waste, a market that is growing fast. 

As far as production costs are concerned, the outlook varies considerably according to the 

technology and context. Current costs vary from 20 $/MWh in co-combustion, up to 100-150 

$/MWh for advanced gasification plants. 

Biomass electricity generation plants are characterised by:  

– inevitably limited size (determined by the optimal size of a biomass ―collection 

basin‖);  

– need for ample space to store the fuel;  

– non uniform and uncontrollable nature of the fuel; 

                                                 
11 It is basically a mixture of H2, CO, CO2 and steam. 
12 Today the plant is used in the framework of the European CHRISGAS project dedicated to research into applications for 

energy purposes of synthesis gas produced from biomass. 
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– temperature of the boiler pipes (and hence of the operating fluid in the power cycle) 

which, in the solution most conventionally adopted (grid furnace), cannot reach too 

high levels, in order to avoid corrosion; 

– very demanding fume treatment procedures.  

The combination of these unfavourable characteristics ensures that the power plants, 

whether they are fed with biomass or solid urban waste (or with a mixture of both) have very 

high specific costs (much higher than coal power stations), with relatively disappointing net 

conversion rates (below 30%). To these already unfavourable circumstances must be added 

the fact that the unit cost of the fuel, if it is not refuse to be disposed of, is often high, much 

higher than the unit cost of a good quality coal. 

In future, it is likely that reductions in the cost of a kWh generated from biomass may be 

achievable, especially in the case of more innovative plants, based on biomass gasification. 

Note that lower figures for generation costs (20-50 $/MWh lower) can be obtained with co 

generative plants. 

 

5.3 EXPLOITATION OF THE ENERGY FROM REFUSE 

Of all the methods available for biomass exploitation thermochemical conversion, with 

electrical energy production and cogeneration of thermal energy, is, therefore, the one with 

the best characteristics for widespread use in the short-to-medium term. 

The raw materials in this sector of usage are classified as follows:  

(i) tree, shrub or herbaceous cultivation;  

(ii) matter derived from various production phases in the forestry sector;  

(iii) waste from agroindustrial processes;  

(iv) organic part of domestic refuse. 

Solid urban waste can therefore be included amongst the waste products that can be used 

to produce thermal and electrical energy. 

The composition of refuse varies in strict correlation to the socio-economic characteristics 

of the community that produces the refuse. In particular the management and disposal of 

domestic refuse depends considerably on whether the recycling and reuse of waste material 

(plastic, paper, glass, wood, organic refuse) have become a decisive factor in reducing the 

quantities to send to disposal. 

Given that this refuse is intrinsically of a very heterogeneous and difficult to control kind, 

plants that use it generally pose more complex technological problems than those fed by 

biomass of known origin and type which is constant over time. 

Waste-to-energy conversion technologies can be classified as two types: mass combustion 

and refuse derived fuel (RDF). 

Mass combustion does not involve special advance treatments except for the separation of 

rough, non combustible components and the shipping of the remaining matter to the 

incinerator. 

RDF technology is characterised by preliminary operations on the mass of refuse such as 

classification, separation, granulation that lead to the creation of various streams: 20-30% can 

be recovered for recycling, 10-20% must be sent to dumps, 50-70% which contain the 

component with the greatest energy contribution. The latter can be reduced to a uniform 

(RDF) matter of such a size that it can be fed to a conventional solid fuel combustion process 

(grid or fluidised bed furnaces). 

Mass combustion technology, preferred traditionally because of its simplicity of 

management, is simply a system in which refuse is sent discontinuously to a water-cooled 

grid furnace. Typically a fuel reserve of 15-40 minutes is maintained. Combustion is 

controlled and maintained only by the inflow of air. The ashes are dumped from underneath, 

the steam is sent to the electricity conversion and heat recovery systems. 
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The picture for thermochemical conversion technologies is not basically different from  

that described for biomass technologies: indeed, even in the case of domestic refuse, it cannot 

be said that gasification has yet reached commercial maturity and current industrial systems 

are therefore based on combustion processes, which for the most part use grid furnaces, 

combined, for electricity production, with Rankine steam cycles. 

Modern waste-to-energy conversion plants are sized in a range of between 500 and 2,500 

t/g. A 1,000 t/d plant typically meets the needs of a community of 500,000 inhabitants. 

In a modern simplified scheme a magnetic separator to eliminate ferrous matter, a 

classification system (floatation, air jets, sieving) to separate lighter materials (paper, plastic, 

textiles) from heavier materials (grit, non ferrous metals) are used in sequence.  

The lightest refuse is crushed and granulated to make a fuel suitable to feed the burner 

(RDF). Typically an RDF contains about 25% humidity. The dry weight composition is: 

carbon 45%, hydrogen 6%, oxygen 31%, ash 14%, other (Cl, S, Fe, SiO2) 4%. 

Given the nature of the feedstock, special care must be taken in these plants to reduce 

pollutants downstream of the combustion phase: it is necessary to install suitable systems to 

control both macropollutants, such as dust, acid gases and nitrogen oxides, and 

micropollutants, such as heavy metals and organic compounds (dioxins and aromatic 

polycyclic hydrocarbons), present in the fumes in quantities much lower than the former (we 

are talking of micrograms or nanograms per cubic metre of fumes, compared to grams or 

milligrams). 

Dust reduction is particularly important since it is often the vector of other harmful 

substances, such as metals and dioxins. The most common systems employ electrostatic 

precipitators, sleeve filters or even wet washing towers. 

Acid gases can be removed in special reactors to which an alkaline compound such as 

lime (which also contributes to the removal of micropollutants) is sent, in dry form or in 

aqueous solution, Alternatively washing towers can be used, with water in which a reagent 

(soda or also lime) can be dissolved. 

Systems to eliminate nitrogen oxides, which are necessary to comply with legal limits 

even when using the best combustion techniques, including the recycling of fumes, are based 

on the injection of substances such as ammonia, which must occur, if catalytic systems are 

not used, directly in the combustion chamber or immediately downstream from it. On the 

other hand, the use of catalysts, although more complicated from the point of view of plant 

design, is more efficient, eliminating over 90%, compared to 60-70% for catalytic systems.  

Finally, micropollutants are controlled by means of absorbent substances such as active 

charcoal or again by catalytic systems. 

In general, the configuration of fume treatment processes can vary considerably and be 

extremely complex, according to the technologies chosen and the reduction targets set, which 

depend in turn on regulations in force. 

 

5.4 BIOFUEL PRODUCTION FROM BIOMASS 

Amongst the energy uses of biomass a role of ever greater importance is being played by 

biofuel production for the transport sector, using biological or chemical conversion processes, 

such as alcohol fermentation (to obtain bioethanol) and esterification of vegetable oils (which 

produces biodiesel). To feed these processes biomass deliberately grown for this purpose 

(oily plants, sugar cane, cereals) is mainly used, but technologies are being developed to 

make use, in the future, of a woody-cellulose type of biomass (like those used for 

thermal/electric energy production) or cultivation of algae, with greater guaranteed 

availability without interfering with food markets.  

Three outlooks can be identified that, for different reasons, today support the adoption of 

biofuels: 
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– environmental, pushing for a net reduction in greenhouse gas emissions into the 

atmosphere, in accordance with the Kyoto Protocol
13

; 

– political, aiming to reduce energy dependency on crude oil producing countries and to 

improve security of supply by diversifying sources; 

– agrarian, seeking new outlets for its own produce. 

Basically, the biofuel sector is currently made up of only two products, bioethanol and 

biodiesel, which can be used pure or mixed with traditional fuels derived from oil. It should 

also be noted that compared to the latter biofuels, because of their greater oxygen content, 

they have a lower calorific value for equal volume, in other words a lower ―energy output‖ 

and therefore imply higher consumption for equal distance travelled.  

In 2005 37 billion litres of biofuels were produced worldwide, i.e. less than 2% of the 

consumption of the transport sector. The market for these products is growing markedly and 

is likely to continue doing so, above all due to regulations fixing minimum market shares: 

compared to total fuels admitted to the market, the EU intends to reach a target of a 5.75% 

share derived from biological sources by the year 2010 (currently it is less than 2% and in 

reality there are major doubts that this target can be met) and 10% by 2020; the USA has a 

target of a 20% biofuel share by 2030 (basically bioethanol); finally, in Japan, there is a 

proposal to mix 10% bioethanol to petrol by 2020. 

Compared to corresponding oil products, the production cost of biofuel is on the whole 

significantly higher. To make them competitive, compensating for this difference, they enjoy 

various forms of government subsidies for production and duty exemption/reduction. So far, 

the only example in the world of established industrial production on a major scale which is 

commercially competitive compared to the corresponding products of fossil origin is 

bioethanol production in Brazil, where for some years no form of support for production or 

tax concessions are in force. 

Directly affected by the entry into the market of these new energy products, many oil 

companies do not limit their activities to monitoring the development of technology in this 

sector, but are directly involved in production, trade, research and development activities on 

innovative biofuels and advanced production technology. We should also note the 

requirement, above all from the manufacturers‘ market, for biofuel production to be 

progressively brought under the control of the refinery circuit, in order to guarantee adequate 

qualitative standards for these products. 

 

a)  Bioethanol 

Bioethanol has characteristics similar to petrol and it is the most widespread biofuel 

worldwide, even if its share (in volume) of the world petrol market is rather modest (about 

3%). 

Produced mainly in Brazil and the USA (with 16 and 14.7 billion litres respectively in 

2005
14

), bioethanol is generally obtained from sugars, as in the Brazilian case, or from maize 

starch, as in the USA, where, compared with a petrol consumption of 669 billion litres/year, it 

is estimated that ethanol from cereals may be able to supply up to 60-70 billion litres, before 

coming into competition with food use
15

. 

                                                 
13Remember that biofuels, from the environmental point of view, also have the advantage of being free of sulphur (they do 

not contribute therefore to the phenomenon of ―acid rain‖) and aromatic hydrocarbons (which are toxic and carcinogenic). 
14 In the USA, thanks to current policies in favour, production capacity is growing rapidly and the estimates available 

confirm that Brazilian production was overtaken in 2006. 
15 Competition with food use is an aspect that is being noticed more all the time. The cost of cereals on the market increased 

in 2007 coinciding with the surge in bioethanol production in the USA. Recently (September 2007) an OECD study 

criticised the rush into biofuels, which threatens to cause food shortages and to destroy natural habitats. Compared to 

production subsidies, according to the OECD, measures to contain consumption in the transport sector should be favoured 

and, if anything, investments in research into advanced products, in particular into second generation biofuels that do not 

create conflict with the food market. 
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With regard to production costs, Brazilian ethanol is competitive with crude oil prices of 

over 35 $/barrel, US ethanol at over 55 $/barrel, ethanol produced in Europe over 100 

$/barrel. The competitiveness of Brazilian ethanol is due to suitable investment made over the 

first 15-20 years since its introduction, but, above all, to particularly favourable local 

conditions, which cannot be reproduced everywhere, which indeed is rather difficult to 

reproduce elsewhere, including high productivity and the low cost of sugar cane, linked to the 

availability of land and extremely cheap labour. 

Bioethanol is generally used in a blend with petrol of fossil origin. There are however 

technical motoring limits to the maximum percentage of bioethanol that can be blended with 

petrol: up to 5% without modifying the engine, up to 10% with slight modifications 

(carburation) and up to 25% with significant modifications to the engine (carburation, 

injection, pump, filters, etc.). Only in Brazil and, to a lesser extent, in some areas of the USA 

is bioethanol used in an almost pure state (85%, so-called E85) in vehicles constructed ad 

hoc
16

. In most cases bioethanol is used in lower concentrations: in a 5% blend (Europe, 

standard EN228) or 10% blend (USA, so-called gasohol or E10).  

Bioethanol can also be used for the production of ETBE
17

, an additive used to raise the 

octane number and the oxygen content of petrols. ETBE is progressively replacing MTBE 

(Methyl-Tert-Butyl-Ether) which has already been banned in much of the United States
18

 

because of contamination of some aquifers. In particular, in the European Union bioethanol is 

mainly used for the production of bioETBE which can be mixed with petrol at current 

standards in a proportion of at most 15%
19

. 

Bioethanol in a pure state and petrol blended bioethanol have to be shipped in special 

pipelines or suitable vehicles to avoid contact with water which the bioethanol tends to 

absorb, with negative impact on motoring performance
20

. Petrol-bioethanol blends are also 

more volatile than petrol
21

, with implications for compliance with specifications, in particular 

in the summer months or in countries with higher temperatures.  

For these reasons ETBE is preferable to bioethanol, since it cannot be mixed with water, 

presents no logistical problems and, furthermore, does not raise the degree of volatility of the 

petrol
22

. Nevertheless bioETBE production could be limited by the relative lack of 

unsaturated hydrocarbons (olefin) in refineries necessary for the process. 

Production of bioethanol and bioETBE help increase an already growing surplus of petrol 

in Europe (over 50 billion lt in 2005), because of the expected shift of consumption due to the 

dieselisation process (decreasing demand for petrol and growing demand for diesel). Oil 

companies would be forced to market the quantity of petrol replaced by bioethanol outside of 

Europe (e.g. USA), with increasing logistical costs. 

                                                 
16So-called Flexible Fuel Vehicles (FFVs) that allow alcohol or petrol, or any mixture of the two fuels, to be used in the 

same tank. 
17 Ethyl-Tert-Butyl-Ether (ETBE) is a chemical derivative of ethanol by reaction with isobutylene. 
18 MTBE, first banned by the state of California, is now officially banned by 18 States in the USA. The Energy Bill 2005 

abolished limited responsibility for MTBE producers; in practice it is no longer used in any state. 
19 Specifications currently in force in the UE allow a maximum percentage of 15% (in volume) of ―Ethers containing 5 or 

more atoms of carbon per molecule‖ – such as ETBE (CH3)3COC2H5 – in petrol. The limit was introduced in order to meet 

the requirement of a maximum oxygen content of 2.7% (by weight) in petrol. ETBE has an oxygen content of 15.7% (by 

weight). 
20 Dedicated logistics could constitute a not unimportant difficulty in a bioethanol market of considerable proportions such as 

that which seems about to emerge, at least in some countries. 
21 Volatility expresses a liquid‘s tendency to evaporate and release vapours and volatile organic compounds (VOC). The 

bioethanol/petrol blend undergoes, for modest concentrations of bioethanol, an increase in volatility compared to the average 

of its single components. The volatility can be reduced by excluding from the blend valuable light high-octane components 

(e.g. butane) – with consequent loss of volume. 
22 After the ban on MTBE doubts also remain about the prospects of keeping ETBE. ETBE is chemically similar to MTBE, 

despite its lower solubility in water. If no one has yet criticised ETBE, this may be due to the product being little known. 
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Precisely because of the problems of the petrol market it has been suggested that the 

bioethanol should be blended with diesel (so-called E-Diesel), however this operation appears 

difficult to carry out because of technical and economic problems
23

, since the processes that 

can be technically applied (e.g. Fatty Acid Ethyl Esters – FAEE) are not competitive with 

traditional biodiesel production processes.  

 

b)  Biodiesel 

Biodiesel has characteristics similar to transport diesel and is extracted from vegetable 

oils (e.g. rapeseed, sunflower, palm) and from waste oils and fats. Biodiesel is marketed 

almost exclusively in Europe (in 2005 about 3.2 billion litres compared to diesel consumption 

of over 200 billion litres, with a share of less than 2%).  

Except in exceptionally favourable cases, the production cost of biodiesel is higher than 

that of mineral diesel: for example, with a reference price for Brent of 70$/b, producing 

biodiesel in Europe costs 0.68 €/litre, diesel 0.46. This comparison does not actually take into 

account the higher oxygen content of biodiesel and its subsequent lower energy density per 

volume unit: with equal conditions, the production cost of biodiesel in Europe rises to 0.78 

€/litre. 

Theoretically, biodiesel could be used in diesel engines even in a pure state. However the 

biodiesel produced by the traditional process releases not inconsiderable quantities of 

unsaturated hydrocarbons and weak organic acids, which in the long term (and for biodiesel 

concentrations above 20-30%) could lead to corrosion of the injectors and of the plastic 

materials used in engine parts (e.g. gaskets)
24

. Current EU specifications (EN590), now being 

revised, in any case permit a maximum biodiesel content in diesel of 5%.  

Unlike bioethanol, biodiesel transport does not require particular precautions and is 

actually safer than for diesel since biodiesel catches fire at a higher temperature (higher 

flammability point). Furthermore biodiesel does not present the same technical problems as 

bioethanol (volatility and hygroscopicity
25

), while it does instead have the defect of having a 

higher pour point
26

 than traditional diesel and its use in countries with cold climates is 

problematic.  

In Western Europe, biodiesel production would help to limit the growing deficit in 

medium distillates (about 40 billion litres in 2005). Here however the yield in biodiesel per 

hectare cultivated is modest. In Italy this is aggravated by the limited amount of land which 

can be devoted to oil crops, which therefore makes it difficult to reach an adequate critical 

mass. It follows that, given the ambitious targets set within the EU, significant biodiesel 

production will have to be obtained from imported feedstock, with economic and regulatory 

implications, as well as environmental and social ones as stressed earlier. 

 

c) Current production processes 

The production process for bioethanol varies according to the original biomass. In the 

case of sugar crops (such as sugar cane used in Brazil, or sugar beet in the case of Europe) 

first there is a pre-treatment, in which they are crushed and treated with hot water or steam to 

extract a liquid flow rich in sugars. Alcoholic fermentation follows – which transforms the 

                                                 
23 The main obstacle is the low cetane number which causes difficulty for firing the bioethanol by compression alone. 

Further problems derive from bioethanol‘s modest lubricating power. Both these problems however can be overcome with 

additives or by using special engines. The bioethanol is easily flammable (flash point when pure at 13°C), so storage of the 

ethanol-diesel blends, when there are high concentrations of ethanol, requires the same safety procedures as petrol. 
24 This limit can be avoided by producing biodiesel starting from hydrogenating processes that bring the molecules to full 

saturation. 
25 Hygroscopicity indicates a substance‘s ability to absorb humidity and/or water from the surrounding environment. 
26 The pour point indicates the minimum temperature above which a fluid flows without external help. Below the pour point 

the fluid tends to thicken and does not flow freely. Biodiesel has a pour point usually between 0 and -15°C (according to the 

biomass used). Conventional diesel usually has a pour point between -20 and -25 °C. 
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sugars into ethyl alcohol, usually with the use of yeasts. The residue from this stage, which 

contains both yeasts and unconverted biomass, has high protein content and is usually 

employed as animal fodder, thus becoming an important item in the general economy of the 

process
27

. The next phase is distillation, from which ethanol is obtained, which is particularly 

energy hungry and leads to a lowering of the overall yield of the process, even though the 

possibility exists of using the residue from the original biomass to extract the necessary 

thermal energy. This solution is normally practised in Brazil, where the waste material from 

the pre-treatment of sugar cane (bagasse) is used for this purpose. 

In the case of starchy crops (such as the maize used in the USA) the first phase of the 

process is complicated by the fact that, apart from crushing the biomass in special mills, it is 

necessary to transform the starch it contains into sugar before proceeding with fermentation. 

This transformation, called saccharification, is carried out in a separate stage by means of 

specific enzymes. 

Biodiesel is obtained by crushing oil seeds and the extract is then subjected to trans-

esterification
28

 with alcohol and a suitable catalyst, so as to allow complex fats (triglycerides) 

to be converted into esters (biodiesel), called FAME (Fatty Acid Methyl Ester) or RME 

(Rapeseed Methyl Ester) if they are extracted from rape. 

As a by-product of transesterification, glycerin (10% yield) is obtained, which is used 

in the pharmaceutical sector and, to a lesser extent, in cosmetics; this substance, however, is 

currently heavily overproduced worldwide and the price is contracting drastically. If prices 

fall even further it would be cheaper to burn it than to sell it. Studies are underway into the 

processes of transforming glycerin into ethers that could be blended with diesel in their turn, 

however the chances of this experimentation succeeding seem slim because of the shortage in 

the refineries of the olefins necessary for the process. 

 

d)  Advanced production processes 

Apart from costs, the greatest problem for biofuels is represented by the volumes that can 

be produced with the technologies used today, so-called first generation technologies, 

compared to current and forecast consumption: these technologies, in fact, will never be able 

to supply large enough quantities of product to replace fossil fuels globally in an appreciable 

way, basically because of the type of raw material that they use. Indeed, the energy crops 

used today for biofuels show rather reduced productivity levels, which imply the use of vast 

areas of cultivable land
29

, in competition with food production, with the economic and social 

consequences that entails. 

To increase these volumes, it is essential to develop new processes, i.e. the introduction of 

so-called second generation technologies, able to extract useful product from biomass not 

intended for food and available in much greater quantities. One such class of biomass is 

biomass of a woody-cellulose type
30

, of the kind used in the generation of electricity, that can 

be used to produce biofuels in two ways: biochemical conversion and thermochemical 

processes.  

The first method implies the need to acquire sugars that can then feed fermentation 

processes similar to those already used today. Woody-cellulose materials are the support 

                                                 
27 Some producers also recover the CO2 produced during fermentation and sell it for technical use. 
28 This is a chemical reaction that, by using methanol and a suitable catalyst (the commonest is caustic soda NaOH), allows 

the complex fat molecule (triglycerides) to be broken down into the smaller and less viscous molecules esters and glycerol 

(commonly called glycerin, a substance used in the pharmaceutical and cosmetic industries). 
29 On average for every hectare cultivated in Europe 3-5 tons of bioethanol and 1-1.5 tons of biodiesel are produced. In 

special areas in the rest of the world higher productivity is attained: 7 tons for bioethanol from sugar cane in Brazil and 4-5 

tons for biodiesel from palm oil in Malaysia. 
30 In this context, in order to maximise the availability of raw materials, it is possible to resort to selection processes, 

concentrating on quick growing plants exclusively for energy use. 



50 

 

structures of plant cells and contain up to 50% cellulose and smaller shares of hemicellulose 

and lignin
31

. Since they constitute a barrier towards the external environment, it is difficult 

for these structures to be attacked by microbiological agents and reducing them to 

fermentable sugars, through enzymatic hydrolysis
32

, is particularly difficult and expensive, 

since special enzymes are required, different from those used for the conversion of starches to 

sugars. Moreover, from the hydrolysis stage of cellulose and hemicellulose, sugars of 

different types are obtained: only for sugars from cellulose can classic yeasts be used, but the 

ability also to convert the sugars from hemicellulose is fundamental for the process to reach 

sufficient productivity. Genetic engineering techniques have been used in order to develop 

micro organisms capable of doing this. 

Biochemical conversion processes for woody-cellulose materials can also be integrated 

by classical processes starting from cultivated biomass, bringing the phases together after the 

fermentation phase. 

Thermochemical processes include gasification and pyrolysis. Gasification is a versatile, 

flexible technology, which allows the most diverse forms of biomass to be processed, but it 

has not yet been tested on a large scale and it is expected that it will only be possible to 

licence commercial plants in the medium-long term. With this process it is possible to 

transform the biomass into a gas (essentially a mixture of H2, CO, CO2 and steam) from 

which it is possible to synthesise liquid hydrocarbon products, such as components for diesel, 

dimethylether (DME) and mixtures of alcohols, with schemes that are generally defined as 

Biomass to Liquids (BtL).  

The first option, which entails the integration of the gasification stage with a Fischer-

Tropsch (FT) synthesis, is especially interesting. Seeking simpler plant design and cheaper 

running, in plants of this type the gas unconverted in the FT synthesis stage can be not 

recycled in the reactor but sent for electricity production.  

An alternative route to gasification is pyrolysis
33

, which allows biomass to be converted 

into a crude hydrocarbon liquid with an energy density up to seven times that of the original 

biomass, which is particularly important in rationalising the transport and storage phases. The 

liquid from pyrolysis, which has problems of stability, must in turn be processed following 

designs similar to those typical of refining. 

In alternative to woody-cellulose biomass, production processes for biofuels based on 

algae cultivation.  

The interest in algae is due to its extremely high growth and reproduction rate, which 

translates into an equally high productivity. In the case of ethanol specific types of algae 

particularly rich in starch (even over 90%, compared to 63% for maize kernels) are being 

looked at, while for biodiesel algae rich in oil (over 50% of their mass) are being considered. 

Some studies indicate that, for equal surface areas, with the cultivation of some types of algae 

from 30 to 50 times the biodiesel extractable from an oilseed plantation can be obtained. The 

American Department of Energy (DOE) claims that the cultivation of pro-biofuel algae needs 

much less water than other traditional crops
34

 and that 200,000 hectares of territory 

(corresponding to 0.1% of suitable areas in the USA) used for algae cultivation can produce 

                                                 
31 Only the first two can be used to produce fermentable sugars, while lignin, obtained as a by-product, can be used to obtain 

the thermal energy necessary for the processes. 
32 Hydrolysis is a group of chemical reactions in which a molecule is split into two or more parts by inserting a molecule of 

water. In the case of enzymatic hydrolysis this happens with the assistance of some enzymes that act as catalysts. 
33 Pyrolysis, or cracking, is a process in which organic matter is thermochemically decomposed. Pyrolysis is achieved by the 

application of heat at temperatures of between 400 and 800°C, in the absence of oxygen or other reagents. The pyrolysis of 

biomass, can be divided into two main strands according to operating conditions (temperature; speed of heating; stay time; 

particle size): conventional and fast or flash pyrolysis. To maximise yield in liquids (oil) fast/flash pyrolysis is used, i.e. the 

biomass is heated to a high temperature for a short time (e.g. 500°C for a few seconds). Increasing the stay time increases the 

yield in gas at the expense of liquid and conventional pyrolysis is resorted to. 
34The availability of water resources may be a critical factor. A smaller requirement is undoubtedly an advantage. 
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the equivalent of 1 EJ
35

 of biofuel: on these premises, occupation of land might no longer be 

a limiting factor for production. 

In future, genetic engineering technologies, could play an important role in the search for 

advanced solutions for the production of biofuels, both by aiming at improvements in 

production processes (for example with the development of genetically modified micro 

organisms to use in the fermentation phase), and by making available new types of biomass 

with characteristics specifically designed to maximise the product yield. 

An alternative to biodiesel production, recently introduced at a commercial level, 

concerns processes for hydrogenating vegetable oils, which do not produce glycerin as a by-

product, are very versatile in terms of feedstock and provide a very high quality component 

for diesel, with improved characteristics compared to conventional biodiesel (lower density, 

higher values for cetane number and calorific power and better properties for use at low 

temperatures)
36

.  

The problem of process by-products concerns many of the production lines that use 

biomass for energy purposes. These by-products can be important elements in order to 

guarantee the economic viability of the process, such as fodder derived from the fermentation 

that produces ethanol, but can also be problems that lead to alternative solutions, such as the 

glycerin generated by conventional biodiesel production processes.  

The search for an optimal use of the original biomass, in terms of energy balance and 

exploitation of the final products, has led to the concept, during development, of a 

biorefinery, that is to say a plant that carries out the conversion of biomass in an integrated 

and optimum way in order to produce fuels, chemicals or other materials, together with 

energy (electricity and heat). 

In the case of bioethanol, for example, the integration already referred to between 

cultivated biomass and woody-cellulose biomass can be used, using the residues for the 

production of electrical energy, heat and other energy vectors. 

 

e) Alternative biofuels 

As well as innovative production processes new types of biofuels are also being studied, 

alternatives to bioethanol and biodiesel. In particular we recall the research carried out by BP 

and DuPont on the possible use of butanol
37

 from biomass (biobutanol) as a fuel in the 

transport sector, blended with petrol and produced by the fermentation of the same feedstocks 

used for bioethanol. Bp and DuPont expect to introduce biobutanol starting with the markets 

in English speaking countries, exploiting the possibility of converting bioethanol plants to 

biobutanol production. 

Biobutanol presents significant technical advantages compared to bioethanol since:  

– it has a calorific power closer to that of petrol; 

– it can be blended with petrol in greater concentrations; 

– it is less volatile; 

– the biobutanol/petrol blend is less susceptible to separation in the presence of water 

compared to the bioethanol/petrol blend; 

– it can be shipped using existing pipelines and does not require a separate logistical 

system. 

The limits of biobutanol lie in the current production processes, which are not very 

efficient and are immature. Conventional fermentation presents low yields and in order to 

obtain higher yields in biobutanol it is necessary to develop specific bacterial strains. 

                                                 
35  1 EJ (exa joule) = 109 GJ (giga joule). The world‘s current energy consumption amounts to 378 EJ. 
36 ENI together with UOP has developed a technology of this type (EcofiningTM), and the construction of the first industrial 

plant is being planned. 
37 An alcohol with four carbon atoms used as a solvent and currently produced exclusively by petrochemical plants. 
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Currently this is still in the experimental stage and therefore neither the expected production 

costs nor the environmental and energy balances are known.  

 

5.5 SOCIAL AND ENVIRONMENTAL ASPECTS 

The use of biomass on a vast scale poses a series of problems of considerable importance, 

with implications that, given the structure of the production lines, concern not only the 

protection and preservation of the environment in it widest sense, but also the social structure 

of the agricultural world that today supplies it, in particular as far as biofuels are concerned. 

The generation of thermal or electric energy indeed has few links with agriculture, given 

that the type of biomass used does not generally derive from typical crops of that world, 

except perhaps for the residues that it produces and which, in this way can actually be 

exploited. In this case therefore, the main problems are caused by the emissions from the 

plants and by management of the original vegetable resources, if they are not residues.  

From the first point of view, it should be remembered that plants which burn biomass 

produce many of the pollutants typical of combustion processes (such as particulate and 

nitrogen oxides). Seen from this angle, the gasification process would in theory lead to a 

smaller environmental impact, although it must be said that modern combustion and pollution 

reduction technologies in any case allow grid and fluidised bed furnaces to limit emissions 

into the atmosphere. 

As for the supply of the biomass to be used, it is clear that increasing the value of waste 

and agroforestry residues that cannot otherwise be used generally has no negative 

implications. It is a different matter when it comes to the exploitation of forestry resources, 

particularly if we are not talking of coppicing, and appropriate checks on the sustainability of 

this phase, which comes in widely varying forms, which prevents general conclusions, should 

be planned also in terms of CO2 emissions throughout the life cycle (Life Cycle Analysis). 

The implications of biofuel production are more extensive, at least given the way it is 

structured today.  

To start with, the benefit of biofuels in terms of reducing greenhouse gas emissions is 

very often dubious when the whole life cycle is analysed, from the cultivation of the crops 

from which they are produced to their end use in engines. The literature is in profound 

disagreement on this subject and, at the moment, there is no organisation super partes 

entrusted with the task of measuring the greenhouse gas emissions in the non industrial 

phases of the process. Many of the analyses carried out so far are widely divergent and they 

often arrive at diametrically opposing conclusions. One of the causes lies in the fact that in 

these studies there may be a series of implicit assumptions which can have a major impact on 

the results
38

. The wide range of evaluations is also the consequence of the type of production 

process considered and of the method of calculation used. 

Anyway, compared to fossil fuels, in the combustion phase biofuels do not emit sulphur 

dioxide (SO2), since they contain no sulphur, and they produce lower emissions of carbon 

monoxide (CO) and particulate (PM)
39

. In the medium term, however, the application of 

some international standards (e.g. Euro V) will tend to ensure the equivalence of regulated 

harmful emissions for any fuel/engine system and therefore the environmental advantage of 

biofuels in the combustion phase could be drastically reduced.  

A very troublesome phase in the biofuel production chain is the production of the original 

biomass. Apart from the uncertainty it introduces into the CO2 balance, this phase has many 

                                                 
38 As examples, think of the geographical location of sites, the logistics of the agricultural raw materials and products, the 

types of fertilisers used, land yields, alternative land use, the contribution of by-products, the scale of production and the 

yields of the conversion plants. 
39 It should also be observed that the reduction in emissions is proportional to the biofuel content in the blends with a reduced 

biofuel content (~5%), the differences in emissions compared to pure diesel and petrol are modest. 
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environmental and social implications, with potentially very negative implications if the 

sector continues to develop at the current rate while maintaining the same technological 

solutions.  

A first aspect concerns the conflict with food cultivation for resources (fertile land and 

water) and with food uses for crops
40

, with the relative consequences for prices.  

This phenomenon, if it is not managed correctly, could have particularly negative effects 

in the economies of developing countries where, given the production capacity constraints of 

the developed nations which use them, biofuel cultivation tends to be exported because of 

more favourable conditions from the point of view of climate and labour costs. In these 

countries there can be additional risks of deforestation and loss of biodiversity resulting from 

the introduction of intensive energy crops in place of the original forests
41

. Finally, potential 

negative effects from the social point of view cannot be excluded, as a result of small land 

owners losing property to large multinationals.  

In reality, biofuel production could be an important opportunity for the development of 

these countries, as long as all necessary precautions are put in place to avoid any disruptive 

events, starting with them keeping control over the whole production chain, so that they can 

benefit in economic terms and possible positive interactions with food production are not 

excluded, and concluding with correct management of land, water and labour, with the aim of 

avoiding the onset of social tensions. 

In future, the impact of biofuel production may be limited thanks to the development both 

of new production processes
42

, and of advanced cultivation techniques
43

. 

 

5.6 THE SITUATION IN ITALY 

In Italy, biomass is the most important renewable source after hydroelectricity 

contributing to the country‘s energy balance: in 2005, including refuse, it provided out of a 

total of almost 200 Mtoe just over 5 Mtoe
44

, most of it (which can be estimated at 3 Mtoe) 

dedicated to the production of thermal energy.  

Electricity production is the second use in order of importance. Again in 2005, compared 

to a gross national consumption of just over 350 TWh and a total production from renewables 

of 49.9 TWh, biomass and refuse contributed about 6.1 TWh (2.6 from RSU, 2.3 from wood 

and agroindustrial waste and 1.1 from biogas). 

The main key technology in these sectors is combustion in boilers, followed, in the case 

of electricity generation, by a Rankine steam thermodynamic cycle in higher potential 

installations or by an organic fluid cycle in smaller ones
45

. It is worth noting that, in areas not 

reached by piped gas, typically in mountain areas, there is a reasonable number of district 

heating plants fed by locally produced biomass. 

Today biofuels make up a very small percentage of biomass use in Italy, covering a 

primary energy equivalent of less than 0.2 Mtoe in 2005. The current tendency, which shows 

a clear fall compared to the previous year when almost 0.3 Mtoe were reached, should 

                                                 
40 Consider that in the USA maize is used in the production of bioethanol, with a rather modest energy yield, especially when 

compared to bioethanol produced in Brazil: indeed we have a ratio between energy yield and energy use of around 1.4, while 

in Brazil figures over 8 can be attained. 
41This phenomenon is particularly acute in some countries in Southeast Asia where palm oil cultivation is multiplying. 
42 We refer to second generation production technologies, in particular when these will be able to provide, starting from 

biomass which is not in competition with the food market, a product with a cost comparable to fossil fuels. 
43 As well as high productivity micro organisms such as yeasts, bacteria and algae which can be converted into biofuels, 

interesting results may come from selection of quick growing plants exclusively for energy use, not in competition with food 

use, or also from the development of genetically modified species, although this latter solution presents no small problems of 

acceptability. 
44 The figure could be an underestimate, since it is based on official statistics on biomass sold and does not take into account 

wood‘s massive share of consumption in the domestic sector which slips by national statistics. 
45 We point out that the headquarters of the Turboden Company, a major builder of organic fluid plants, is in Italy, to be 

precise at Brescia.  
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actually be seen in the light of the disappearance of some tax advantages, because of 

government budget requirements. Moreover, it should be noted more generally that the sector 

has shown notable growth over the past few years, concentrated in particular in biodiesel, 

with a progressive shift of this fuel‘s end-use from heating to transport, which today accounts 

for nearly all use. 

In 2005, Italy‘s production of biodiesel, of which less than 50% was destined for the 

internal market
46

, was 396,000 t, much smaller than the installed production capacity and 

based prevalently on imported raw materials.  

The use of bioethanol is essentially non existent in Italy, also as a consequence of the lack 

of clarity in regulations, in particular as far as taxation is concerned. Note however that there 

are industrial initiatives underway in this field, aimed however at production, starting from 

imported bioethanol, of ETBE destined mainly for export.  

Technologically, we must remember the not inconsiderable commitment by Italy‘s 

industry to developing advanced chains of production. Eni, in particular, is engaged on the 

biodiesel front with Ecofining
TM

 technology to hydrogenate vegetable oils, for which the first 

plant on an industrial scale will soon be established, and with a series of research products 

dedicated to other innovative solutions, including the BtL design and the production of 

biofuels from micro organisms. 

                                                 
46 This share is affected by the definition in the budget of the amount of biodiesel (varying historically between 125,000 and 

300,000 t) that can take advantage of duty exemption, introduced as an incentive for an otherwise uneconomic product. 
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6. Energy from nuclear fission 
 

 

Summary 

Concerns about the environment and security of energy supply, the slow and limited introduction of new 

renewable energies, together with a massive increase in energy demand in the developing countries, are pushing 

worldwide towards a rekindling of interest in nuclear energy from fission. In fact several combined factors, such 

as economic advantage over other comparable sources, the low level of fuel costs and negligible emissions of 

gas and dust with noticeable environmental impact, make nuclear power competitive. 

From the strategic point of view, in 2007 the Council of Europe already adopted several plans of action for 

the development of nuclear technology and the integration of national programmes which would allow the 

European Union to shift towards a low carbon emission energy system with an overall mix that would include 

nuclear power.  

Technologically the innovations under way have allowed, on the one hand, traditional plants now in use 

(Generation II) to be rejuvenated, with an appreciable increase in their useful lifespan, and on the other hand the 

development of projects for new plants (Generation III, III+ and IV) with greater guarantees in terms of safety 

and sustainability. In particular one of the aims of the IV generation reactors would be the closure of the fuel 

cycle in a sustainable way, with maximum use of nuclear fuel and a drastic reduction in the problems connected 

with radioactive waste with a very long half life. 

In Italy, the overall dependence of our electricity production system on imported sources is around 84% and 

exposes us to price increases. Moreover, we import about 12.5% of electronuclear energy from France and 

Switzerland (which in fact acts as an intermediary). As a result our electricity is more expensive than the 

European average. To this we can add the fact that the rejection of nuclear power led to severe difficulties for 

important sectors of our national electromechanical industry, at least until recent liberalisation allowed Italy‘s 

nuclear industry to operate successfully abroad. 

Bearing in mind the plausible energy scenarios by 2020/2030, the increase in electricity consumption in Italy 

and the need to redefine the mix between the various power sources (fossil fuels, renewables, imported 

electricity), in the framework too of European directives, would seem to indicate that it would be expedient for 

the country to adopt a strategy aimed at reopening the nuclear option. This might come about through the 

acquisition in Italy of III generation reactors together with a more decisive participation in international research 

into IV generation reactors. It should be stressed however that the construction in the near future of new nuclear 

plants in our country would require the following essential conditions: (a) creation of technological 

infrastructures for research and development and for the training of competent staff; (b) reorganisation of 

authorisation and supervision with simpler procedures and incentives for investment; (c) agreed long term 

strategies. 

 

 

6.1 CURRENT STATUS AND PROSPECTS FOR NUCLEAR FISSION ENERGY IN THE WORLD 

The evolution of global energy requirements, particularly with regard to the demand for 

energy of the developing nations as shown by the massive change in consumption in Asia, 

growing concerns about the environment and security of supply, the slow and limited 

introduction of novel renewable energies, are pushing worldwide for a relaunch of nuclear 

fission energy (see Fig. 6.1). If, on the one hand, the Asian nations have never interrupted a 

development policy based on the construction of nuclear plants, on the other hand there is the 

novelty in Europe and the USA of renewed interest in increasing and developing existing 

electronuclear plants which are in any case considered necessary. 

After a long hiatus in orders for new plants in the western world, due mainly to reasons of 

economics and industrial policy as well as to the political and psychological repercussions of 

the Chernobyl disaster, and to the general tendency towards privatisation, the resumption of 

the nuclear option is now a reality. It is also confirmed by the technological innovations 

under way which have allowed a considerable increase in the usage factor (up to 80-90%) 

and in the useful lifespan of the plants (from 30 to 50-60 years) with obvious economic and 

safety advantages. 
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This resumption seems to answer the need to ensure a policy that optimises strategic 

infrastructures, such as energy 

infrastructures, in the face of 

growing demand and the 

environmental problems that 

require strong competition, on a 

large scale, to the use of fossil 

fuels. 

It should be remembered 

that at the moment nuclear 

power is essentially used, as 

primary energy, for the 

production of electrical energy. 

Thus if, on the one hand, this 

source‘s contribution to global 

production of primary energy is 

currently no higher than 6-7%, 

on the other hand this share 

rises to 16-17% for world 

electricity production (see Fig. 6.2). In future it will also be possible to use nuclear energy to 

produce hydrogen, biofuels and heat. 

The current status of nuclear 

energy production and use is 

given in Table 6.1, where the 

comparison between the Italian 

situation and that of the world 

as a whole, and of Europe in 

particular, is rather significant. 

Italy in fact is the industrial 

nation that, unlike other western 

countries, consumes most 

hydrocarbons (oil and gas) to 

produce electricity with overall 

imports, including electro-

nuclear power bought from 

France, of up to 83-84%. 

It is also worthwhile making 

a comparison with other sources, not only from the economic point of view (see Table 6.2) 

but also from the operational and environmental point of view. This is summed up in Table 

6.3, where the comparison covers land use, maintenance costs, availability, as well as the cost 

of the fuel and the volume of fuel for a 1,000 MWe electricity plant. 

We should remember how the cost of a kilowatt hour is made up. Indeed the special 

characteristic of nuclear power lies in the fact that the fuel itself accounts for only 20% of the 

total cost (5% for the mineral uranium alone), while the rest is due to investment and capital 

costs, instead for a coal or gas (or oil) plant this fraction rises to 40% and 70% respectively.  

As far as the plant costs are concerned the costs for power from water (2,000 €/kW) and 

from biomass and refuse (1,300 €/kW) should also be remembered. 

For nuclear plants economic competitiveness was arrived at several years ago, as far as 

appraisal estimates are concerned but only today is this being properly highlighted. In any 

case nuclear energy remains unaffected by fuel price variations and is not subject to the 

Fig. 6.1: Consumption trends of primary energy sources from 
1980 to 2030. 

Fig. 6.2: World nuclear electricity production and relative 

percentage share (source: World Nuclear Association – 

Feb. 2006). 
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energy crisis risks linked to geopolitical instability. It does however require massive initial 

investment with long return times and therefore also requires certainty with regard to 

authorisation and construction times. 
 

Table 6.1: Nuclear energy in the world. 
 

Production and Plants (in 2007) 
 Reactors in use  439 
 Installed Power 371 GWe 
 Power in 1986 (before Chernobyl) 250 GWe 
 Increase in power (2006/1986) +48.8% 
 Electronuclear Production 2,658 TWh 
 Increase in Production (2006/1986) +65% 
 
Contribution to electricity production 
 in Europe (EU of 27 nations) 33% (prime source) 
 in Italy   12.5% (from imports) 
 in the OECD  21% 
 in the World  16% 
 
Nuclear programmes (in 2007) 
 Reactors under construction 33 equal to 26.8 GWe 
 Reactors being designed 94 equal to 101.6 GWe 
 Reactors in the planning stage 223 equal to 194.7 GWe 

 
Table 6.2: Nuclear energy comparison data  

(Average figures for 2007 in 15 European nations produced in the context of the European project 
ExternE). 

 

Type of plant Area 

occupied 

(hectares) 

Comb. Cost 

 

0.001$/kWh 

Plant cost 

 

 €/kWh 

Volume 

 

m
3
/year 

Maintenance 

 

0.001$/kWh 

Availability 

 

% 

Nuclear 15 8 2,250 3 7 90 

Coal  30 14 1,300 3,000,000 6 90 

Combustible oil 20 52 1,300 1,700,000 5 90 

Gas (comb. cycle) 12 40 1,300 1,950,000,000 5 90 

Photovoltaic 200 0 6,300 0 10 15 

Wind 12,500 0 2,500 0 10 30 

 

Another interesting figure is the energy-spent/energy-obtained ratio in 40 years that, for a 

power of 1,000 MWe is 1.7% for nuclear power, 5% for coal; 3% for combustible oil, 3.8%; 

for gas (combined cycle); 27% for photovoltaic
47

 and 16.7% for wind. The most strictly 

environmental impact obviously concerns discharges and, in particular, emissions of 

pollutants and greenhouse gas. In Table 6.3 the data for various emissions from the different 

sources are given, again for a typical 1,000 MWe plant. 

 

Table 6.3: Discharges and emissions of a 1,000 MWe plant [t/year]. 
 

 CO2 SO2 MOx Dust Production residues 

Nuclear 0 0 0 0 100 

Coal 7,500,000 60,000 22,000 1,300 250,000 

Comb. oil 6,200,000 43,000 10,000 1,600 70,000 

Gas (Comb. cycle) 4,300,000 35 12,000 100 100 

Photovoltaic  0 0 0 0 0 

Wind 0 0 0 0 0 

                                                 
47

 Note that according to other estimates this figure is lower by about a factor of 2 (for this see Chapter 8). 
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For the European Union the diagram in Fig. 6.3, which shows the importance of the 

contribution of nuclear power to the forecasts for 2030 of CO2 emissions, is significant. Only 

with this kind of contribution can one realistically hope to obtain an appreciable reduction in 

such emissions keeping at least the current electronuclear energy share (30%). This means a 

capacity of at least 45-50 TWe from nuclear power. 

 
 
 
 
 
 
 
 
 
 

Fig. 6.3: CO2 emissions from electricity production in the EU [Mt]  

(source: World Energy Outlook 2006). 

 

6.2 A SPECIAL LOOK AT THE EUROPEAN UNION: ENERGY POLICY AND ENVIRONMENTAL 

QUESTIONS 

Today Europe imports 50% of its energy and, if it does not change its energy and 

transport policies, it will import 65% of its energy by 2030, with an increase from 57% to 

84% of its gas imports and from 82% to 93% oil. Apart from heavy dependence on fossil 

fuels, there is therefore a growing risk in Europe of shortages of primary energy supplies. The 

reserves of fossil fuels, and in particular oil, are confined to a few areas of the world and 

political, economic and environmental factors often conspire to make their relative costs 

volatile and high.  

In summary, as observed by the European Council at its summit in March 2007, Europe 

must adopt an integrated policy for energy and the climate that aims at the following three 

objectives: 

 Security of supply and reduced dependence on imports of fossil fuels from outside 

Europe for primary energy. 

 Reduction of greenhouse gases. Assuming the current hypothesis that the 

―sustainable‖ threshold of annual manmade greenhouse gas emissions is less than 3 

Gtonne of coal equivalent, for the EU states this would mean reducing current 

emissions by at least a factor of 4. 

 Maintaining and, indeed, increasing competition in electricity production. For 

European citizens and industries it is obviously important to avoid the relocation of 

energy hungry industrial sectors towards other regions of the world where energy has 

lower costs. 

The analysis of European energy scenarios by 2030 presented recently by the IEA in its 

World Energy Outlook 2006, highlights that reaching simultaneously all three of these 

objectives necessarily involves further development of nuclear energy in Europe. In particular 

in the Green Paper on energy, published in March 2006, the European Commission 

recognizes that ―nuclear power, at present, contributes roughly one-third of the EU‘s 

electricity production and, whilst careful attention needs to be given to the issues of nuclear 

waste and safety, represents at present the largest source of largely carbon free energy in 

Europe. The EU can play a useful role in ensuring that all costs, advantages and drawbacks of 

nuclear power are identified for a well-informed, objective and transparent debate.‖ 
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The European Council adopted an ―action plan‖ in March 2007, called Energy policy for 

Europe, in which, in the chapter dedicated to energy technology, nuclear technology and 

R&D support in order to ―further improve nuclear safety and the management of radioactive 

waste‖ are included. 

These considerations recently led the European Commission to launch an initiative in 

order to define a so-called European Strategic Energy Technology (SET) Plan that would 

allow the EU to move towards a low carbon emission energy system, with an overall energy 

mix that includes: 

– using gas and coal with CO2 storage and hydrogen production; 

– nuclear fission and, in the long term, nuclear fusion. 

The SET Plan was defined during 2007 and was approved by the European Council in the 

spring of 2008. 

In parallel with the formulation of the SET Plan, the Sustainable Nuclear Energy 

Technology Platform (SNE-TP) was launched in September 2007 which includes all the 

various stake-holders in this sector to establish a so-called Strategic Research Agenda for the 

development of nuclear technology, which would keep in mind the requirements imposed by 

the utilities and by the safety authorities. The Technological Platform (TP) will also ensure 

the integration of national programmes, will develop the necessary cooperation with other 

European TPs (e.g. those for hydrogen and fuel cells) and will interact with other 

international initiatives such as, for example, the Generation IV International Forum (GIF). 

In 1991, following similar logic, within the framework of the JOULE programme, the 

ExternE European Project (Externalities of Energy) was launched (see: ExternE, Externalities 

of Energy – Methodology 2005 update, EUR 21951, External Costs – Research results on 

socio-environmental damages due to electricity and transport, EUR 20198 (2003)). At the 

time the main aim was to develop a methodology that would allow the ―external costs‖ of 

energy production linked to the impact of atmospheric pollutants produced by power plants to 

be evaluated. 

A comparative study was carried out of the various fuel technologies and cycles for 

electricity production. An important result 

obtained in the context of this project was 

the evaluation of the real costs (including 

external costs) of electricity production 

from coal and oil: ―the EU-funded ExternE 

project presented the results of a large 

study proving that the cost of producing 

electricity from coal and oil would be 

double what it was if the ‗external‘ costs, 

such as environmental damage, were to be 

included.‖ 

It was then calculated that nuclear 

power has relatively low external costs (see 

Table 6.2). In particular because of the 

small influence of greenhouse gas 

emissions and the low probability of accidents in European plants. Wind and hydroelectric 

power (not indicated in the figure) have the lowest external costs (as was to be expected). In 

summary in Fig. 6.4 the position of the various sources with regard to greenhouse gases and 

atmospheric pollutants is shown. Clearly nuclear and wind power compete for the best 

positions. 

It seems evident that it is not possible to adopt a single solution for energy production, but 

rather a mix that takes into account economic, regional, infrastructure factors and the real 

Fig. 6.4: Impact of the various sources on 

greenhouse gases and atmospheric pollutants 
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availability of resources in the short and long term. It is in this framework that European 

energy policy with regard to new generation nuclear power has taken shape. 

 

6.3 RESUMPTION OF NUCLEAR POWER IN ITALY 
 

6.3.1 The current situation 

Before the nationalisation of electrical energy (1964) there were three nuclear plants in 

Italy functioning or under construction: the 200 MWe plant at Latina, built and run by 

SIMEA (AGIP and IRI) which came on line in 1963; IRI‘s 160 MWe BWR plant at 

Garigliano, which became operational in 1964; and Edison‘s 260 MWe Trino Vercellese 

(Trino1) PWR plant. After nationalisation they passed to ENEL, which started work on the 

fourth plant (which was then the last) at Caorso, an 860 MWe BWR plant that, after various 

vicissitudes, entered into commercial use in 1981. 

After the referendum held in Italy in 1987 in the emotional aftershock of the Chernobyl 

accident, a five year moratorium for new nuclear construction was decided, with the 

immediate suspension of building work for Trino2, the closure of the Latina plant, a new in 

depth study of the safety systems at Caorso and Trino1, the possible conversion of the nearly 

finished Montalto plant from nuclear power to methane. 

In practice the Caorso and Trino plants were never put to work again until the final 

decision to decommission them. The economic harm to the country was certainly severe. In 

particular, at the time of the referendum the cost of totally abandoning nuclear power was 

estimated by ENEL at around 120,000 billion lire. Taking into account the prices then of 

coal, oil and gas in this calculation, some experts put the damage to Italy as high as over 100 

billion €. 

Important changes then took place in 2004, following the law to restructure the country‘s 

energy sector, which allows Italian electricity producers to set up and operate power plants, 

including nuclear ones, sited abroad. Let us remember the purchase by ENEL of 66% of the 

capital of Slovenske Electrarne (Slovak Republic) which, in particular, has four Russian 

designed VVER water cooled nuclear reactors of 440 MWe each, for a total of 1,760 MWe. 

Moreover in 2007 ENEL signed an agreement with the French company EDF to acquire a 

productive share of 200 MWe of the new 1,600 MWe EPR plant to be built at Flamanville in 

Normandy. Even more recently ENEL is continuing with its acquisitions of nuclear plants 

abroad (with the recent acquisition of Endesa, ENEL has obtained a share in various Spanish 

plants, for an overall power of about 2,500 MWe) and is setting up a new centre for nuclear 

know-how. Initiatives recently undertaken at a political level too, in particular with the 

agreements with France and the other European Countries, hold a promise of further desirable 

possibilities. 

In 2003 Ansaldo Energia won a contract to complete Unit 2 at the Cernovoda plant 

(Romania) and is currently taking part in a feasibility study for the construction of a third and 

fourth unit. At the end of 2005 Finmeccanica, on the basis of Ansaldo Energia‘s Nuclear 

Division, set up Ansaldo Nucleare S.p.A. which will establish agreements and partnerships 

with European firms in order to participate in the construction, in non-EU countries, of new 

generation nuclear plants. In the meantime Ansaldo Nucleare has won an important contract 

from Toshiba-Westinghouse to set up the first AP1000 plant in China, with an option for 

another three units. In parallel it has won a considerable packet of foreign contracts for 

decommissioning and waste management. 

Ansaldo Camozzi is carrying on with its activities in the construction of large components 

for nuclear plants and, in particular, has completed supply of the four steam generators for the 

Palo Verde plant, the largest ever built. 
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SOGIN is proceeding with the activities of decommissioning & waste management of 

Italian disused nuclear power plants and fuel cycle plants, although in the absence of a clear 

road-map for the establishment of a national surface storage site. In this context agreements 

have been made with the BNFL plant at Sellafield (United Kingdom), where 53 tonnes of 

spent nuclear fuel has been sent, and with the AREVA plant at La Hague (France) for the 

shipment of 235 tonnes of fuel. Other international cooperation agreements have been signed 

with institutions and industries in Germany, the United Kingdom, Spain and France. 

Moreover important activity is carried out abroad, in particular in the Russian Federation, in 

the framework of the ex TACIS Programme, under the aegis of the European Commission 

and of UN-IAEA and concerns the adaptation of the Beloyarsk and Bilbino nuclear plants to 

western safety standards. Similar activity is under way in Armenia (Medzamor plant), in 

Kazakhstan (Aktau plant) and in the Ukraine. Finally, in the framework of the ―Global 

Partnership‖, ratified by the Italian Parliament in 2005, SOGIN has taken on the role of 

―General Contractor‖ for the bilateral cooperation agreement between the Italian and Russian 

governments and for coordinating a pool of Italian industries (Fincantieri, Ansaldo Nucleare, 

Camozzi, Techint, Electron, Fagioli, Duferco and Nucleco). 

Research and development (R&D) on innovative reactors and advanced fuel cycles is 

carried out by ENEA and associated companies, but there are important activities – above all 

the training of a still significant number of nuclear engineers – at the Universities of Bologna, 

Rome, Palermo, Pisa and in the Polytechnics of Milan and Turin. Ansaldo Nucleare and some 

Italian PMIs (Del Fungo Giera Energia, SRS Group, etc.), together with ENEA and the 

CIRTEN Consortium of the universities named above, are also participating, sometimes with 

a coordinating role, in important European R&D projects in the field of innovative nuclear 

power from fission (reactors of IV generation, Partitioning & Transmutation, phenomena 

connected to geological repositories, nuclear safety, etc.). 

Nuclear power, which is characterised by high investment costs and low fuel costs, is not 

very attractive to private investors seeking short term profits but – in the presence of a 

favourable political, social and regulatory framework – it would be very interesting for Italy 

because it would reduce our energy dependence on foreign powers and would offer great 

opportunities for work at an excellent technological level within the Country. 

 

6.3.2 Italy and the nuclear option 

In our country the nuclear question is now one of operational choices, in particular as far 

as electricity demand is concerned. In fact Italy‘s electricity system has been affected for 

many years by considerable imbalances. Coverage of the country‘s electricity requirements is 

entrusted 70% to imported fossil fuels and 14% to direct electricity imports. The electricity 

system‘s overall dependence on imported sources is equal to 84%. The high cost of fossil 

fuels, tariff mechanisms, the taxation system and the costs deriving from incentive policies in 

favour of renewables and assimilated sources lead to Italy having an electricity cost 

considerably higher (24% for industrial users and 45% for domestic users) than the average 

cost reported by Eurostat in the 27 countries of the European Union. 

Since the Kyoto Protocol came into force, Italy is committed to cutting its greenhouse gas 

emissions by 6.5% compared to 1990 levels by the period 2008-2010. Since emissions have 

continued to rise from 1990 to today, the reduction aim is currently equal to 15.4% compared 

to 2006 emissions. The reference scenario worked out by the Ministry of the Environment 

shows that this target is in reality greatly at risk. 

Given the predominant use of fossil fuels, the electricity generating sector is currently 

responsible for 30% of the greenhouse gas emissions, but it is also the sector in which, given 

the centralisation of the plants, it is easiest to intervene. 
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Fossil fuels, nuclear power and renewable sources must therefore all be taken into 

consideration and coexist while bearing in mind their diversity and the technical and 

economic limitations of their respective ―dedicated‖ markets. 

Also consider that, with regard to energy savings, strongly urged recently by the 

European Union and in any case worth pursuing by all possible means, Italian electricity 

consumption per head is not high compared to that of other industrialised nations so, from 

this point of view, a decisive contribution cannot be expected.  

Bearing in mind likely energy scenarios by 2020-2030 some main points can be 

emphasised:  

– Italian electricity demand will grow from the 359 TWh/year of 2006 to 400-450 

TWh/year by 2020. 

– The contribution of combustible oil will have to diminish considerably. Natural gas 

may also diminish to a certain extent but the market of suppliers will expand, which 

will imply the need to build gasification plants 

– The contribution of coal may (must) grow, although subject to restrictions on 

greenhouse gas emissions (this also applies, to a lesser extent, to natural gas). This 

implies research and development in the field of suitable industrial processes for the 

capture of CO2 in power plants. 

– Consideration and evaluation of research and development commitments and of the 

real possibilities of reaching the target of covering 20% of demand by renewable 

sources (not less than 80-90 TWh/year).  

– Importation via cable of at least 60 TWh/year of (nuclear) electricity and a major 

relaunch (at least 100 TWh/year) of ―Italian‖ nuclear power with advanced III 

generation reactors (of the EPR type) and major research and development 

commitment with regard to the next IV generation. 

– Continuing Italy‘s contribution to the challenging phase of international research into 

nuclear fusion (see Chapter 7), in order to approach the aims of feasibility and 

commercial use.  

Considering that now already 15-16% of electricity imported by Italy is due to the use of 

energy from nuclear fission (we are within the world average), thanks to the full time output 

of 8 (French) 1,000 MWe nuclear power plants, the importance of producing electronuclear 

energy ―at home‖, by means of a correct and intelligent strategy of reopening the nuclear 

front in Italy, is clear. It should be pointed out, on the other hand, that the construction in the 

near future of new nuclear plants requires, in fact, some essential conditions: 

 Creating technological infrastructures capable of training staff by supporting and 

participating in (national and international) programmes for training and the research 

and development of new technologies; as well as starting a serious decommissioning 

programme.  

 Reorganising authorisation and control procedures by more flexible practices and 

incentives with forms of insurance like those foreseen in the 2005 US Action Plan. 

 Adopting agreed and long lasting strategical choices. 

These conditions must be met in our country together with a clear political will to 

arrive at a serious relaunch of electronuclear energy production, also through an acceleration 

in the training and research sector. In this sense contact with the scientific and technological 

research system, for example through the programme agreement on new nuclear fission 

between the Economic Development Ministry and ENEA which also involves the 

Universities and the country‘s main industries in this sector or the recent Convention between 

the Istituto Nazionale di Fisica Nucleare and Ansaldo Nucleare, could play a leading role in 

the achievement of these goals. 
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6.4 PROSPECTS AND PROBLEMS FOR NUCLEAR ENERGY FROM FISSION 

The development of nuclear energy from fission is, as we have seen, linked to the need to 

compete, on a large scale, with fossil fuels, especially in the period in which the use of such 

sources will become even more necessary due to growing energy demand (2010-2030) in 

anticipation of a further step forward with the more innovative IV generation reactors and the 

proven feasibility of fusion reactors.  

To meet these market prospects the electronuclear industry is preparing to supply new 

types of reactors to meet the orders and attached conditions (availability of raw materials, 

regulations for environmental and health protection), foreseeable over the next few decades.  

Retracing the fifty year history of this technology, different generations of reactors can be 

identified:  

 Generation I: this belongs to the ‘50s and ‘60s of the last century and saw the 

construction and experimentation or many prototypes of the most varied designs. 

 Generation II: later in the ‘70s and ‘80s a large number of commercial power plants 

were built, mainly using enriched uranium and natural water (pressurised or boiling). 

Most of the world‘s electronuclear energy now comes from reactors of this generation. 

 Generation III: this is made up of reactors that are already certified and available on the 

market - it includes above all the advanced natural water reactors, some already 

functioning in Japan, such as the Advanced Boiling Water Reactor (1,400 MWe ABWR 

designed by General Electric and Toshiba) others, like the European Pressurized Water 

Reactor (1,600 MWe EPR supplied by the Franco-German AREVA company), now 

being ordered (the first EPR plant will come into use in Finland in 2011, others are being 

prepared or under commercial negotiation in Europe, in Asia and in the Middle East). The 

American Westinghouse Electric Company – acquired by Toshiba of Japan at the 

beginning of 2006 for as much as 5.4 M$ (i.e. five times the price paid for the same firm 

by British Nuclear Fuel in 1999) – with participation from Ansaldo Nucleare, has applied 

passive technology to the Advanced Passive-600 (AP600) – certified by the Italian 

company SIET Spa – and, later, to the AP1000, which are the only plants with passive 

safety approved by America‘s Nuclear Regulatory Commission. At the end of 2006 China 

bought from Westinghouse the first four AP1000 units. Ansaldo Nucleare also 

participated in the design of the first unit. 

 Generation III+ or International Near Term Deployment (INTD) Reactors: this is a 

class of reactors more evolved than the previous one which are expected to become 

available between 2010 and 2015. Amongst them we quote the Advanced CANDU 

Reactor (ACR), undergoing certification in Canada, China, the US and the United 

Kingdom; the high temperature gas-cooled reactors such as the Pebble Bed Modular 

Reactor (PBMR), developed in South Africa with the support of German experts and with 

the collaboration of BNFL and the GT-MHR, a 100 MWe modular gas-cooled reactor 

designed by General Atomics (United States). Special mention amongst the reactors of 

this generation goes to the International Reactor Innovative & Secure (IRIS), developed 

by a large consortium led by Westinghouse and to which ENEA, Italian universities 

(CIRTEN) and companies (Ansaldo Nucleare, Camozzi, SIET) belong. IRIS is a 335 

MWe modular pressurised water reactor, with the primary circuit and steam generators 

arranged inside the pressure container. This characteristic allows considerable reductions 

in the size of the containment system and, as a consequence, the possibility of placing 

these reactors in caves or the subsoil, an idea from the past that could become up to date 

again in times of growing concern about terrorist attacks. The certification of IRIS by the 

US safety authorities is expected by 2010, and it could be marketed in the next decade. 

Multiple modular installations could cost 1,000-1,200 $/kW. 

To sum up, the typical characteristics for reactors of III and III+ generations are: 
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 a standardised project that shortens approval procedures and reduces construction 

times and costs; 

 ready availability and long useful lifespan (typically, 60 years); 

 presence of ―intrinsic‖ or ―passive‖ safety mechanisms; 

 flexibility in the composition of the fuel (natural uranium also with various 

enrichments, uranium-plutonium mixtures, with the plutonium also coming from the 

decommissioning of nuclear weapons, uranium-thorium mixtures) and its high ―burn-

up‖, in order to distance reloads over time. 

 Generation IV: these reactors are still at the concept stage. They are the subject of an 

initiative begun in January 2000, when ten countries united to form the ―Generation IV 

International Forum‖ (GIF) with the aim of developing future generation nuclear systems, 

i.e. systems that may become workable in 20 or 30 years, replacing the current generation 

of water-cooled thermal neutron reactors. Fourth generation nuclear systems must respect 

the following requirements: 

 sustainability, or maximum fuel usage and minimised radioactive waste; 

 affordability, that is to say a low cost for the plant‘s life cycle and a level of financial 

risk equivalent to that of other energy plants; 

 safety and reliability; in particular fourth generation systems must have a low 

probability of severe damage to the reactor and tolerate even serious human errors; 

moreover they must not require emergency plans to defend public health, since there 

will be no credible scenario for the release of radioactivity outside the site; 

 resistance to proliferation and physical protection against terrorist attacks. 

For reasons connected to optimising the exploitation of nuclear fuel and reducing the 

production of highly active material, in accordance with reaching the aims of the Generation 

IV initiative, the closed fuel cycle is being increasingly adopted worldwide, in alternative to 

the elimination of exhausted fuel as such. The closed cycle concept involves treating the fuel 

discharged from the reactors, a process aimed at recovering the uranium 238 (about 95% of 

the discharged fuel), the unsplit uranium 235 (about 1%) and the plutonium produced in the 

reactor (about 1%). The uranium and plutonium are reused to create fresh fuel (MOX type), 

and in this way the problem of disposing of highly active materials only concerns the 

products that are not reused (3%), the so-called ―highly active waste‖, which includes only 

the fission products and minor actinides. 

The further reduction of radiotoxicity (activity, half life) of this waste is being studied in 

many countries with separation and transmutation processes of the ―hardest‖ components 

(actinides) by means of neutron radiation in critical and subcritical reactors fed by particle 

accelerators. In this context we find the Italian programme TRASCO (ENEA-INFN), which 

is derived from the ADS (Accelerator Driven System) project and is based on the fertilisation 

of thorium by fast neutron bombardment, produced by spallation from high energy 

accelerated protons. Within the ATALANTE programme, on the other hand, the French have 

proved – at least at the level of a pilot plant – the technical feasibility of the actinide 

separation process. This programme is set in the future strategy of managing the nuclear fuel 

closed cycle and envisages the use of an EPR chain to be used with 100% MOX fuel and the 

development of fast nuclear systems for the transmutation of waste. 

Nuclear plants are designed to contain and control all the radioactive material produced, 

which is treated, conditioned and kept in controlled storage.  

The problem of the radioactive waste produced in nuclear plants only exists for very 

limited quantities, smaller by several orders of magnitude than the toxic-harmful waste 

produced in conventional thermoelectric plants. In normal operating conditions, a 1.000 

MWe nuclear plant moves annually about 20 tonnes of fuel (2 railway cars) and produces the 

following material: 
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– highly active waste 2 t, 

– low to medium active waste  20 t, 

– radioactivity (long life effluent) 2 GBq. 

Bear in mind that a thermoelectric power plant of the same power uses from 1 to 2 

million tonnes of fuel (1000 railway cars per day for coal) and that the radioactive long life 

discharges (also present) are between 1 and 50 GBq.  

Unlike what happens for chemical emissions, the danger from radioactive material 

decreases over time until it is cancelled out. For some substances the decay time is very fast 

(a few days), for others it is very long (hundreds of thousands of years). Disposing of the 

radioactive matter therefore means subjecting it to suitable treatment and isolating it from the 

biosphere for as long as necessary to allow the radioactivity present in it to decay to levels 

comparable to those of the original uranium ore. 

Permanent storage facilities for low to medium active matter (95% of the radioactive 

matter produced in nuclear plants) is in use in almost all industrial nations. They are designed 

to isolate the matter from the biosphere for 300 years; after this time the deposit can be 

forgotten, since the matter housed has lost its radioactivity. 

For highly active material (5% of the material produced) a study is under way in many 

countries into geological disposal, in which the isolation of the material is entrusted to 

geological formations (clay, rock salt, granite) stable over millions of years. The only 

geological deposit currently in use is in New Mexico (USA) and is designed to house 

material from military programmes. The reason why no other country has so far set up 

geological deposits is that they are not yet necessary, since the highly active material 

produced in nuclear plants is still stored at the plants themselves. It is however expected that 

the first geological deposits will be opened around 2020. 

To give an idea of the real dimensions of the problem, the highly active waste produced 

by the treatment of nuclear fuel used in Italy until today and sent to treatment requires 20 

cylindrical steel containers (casks) 2 metres in diameter and 5 metres long containing blocks 

of mineral glass. 

The problem of highly active waste is being systematically solved by research under way 

into the separation and transmutation of highly active and long life components. The 

techniques being developed worldwide – including Italy – will allow the drastic reduction of 

its decay time to a few hundred years, of its volume and its thermal load on the geological 

repository. 
 

APPENDIX: NUCLEAR PROLIFERATION  

The nuclear non-proliferation treaty (NPT), established under the aegis of the UN and applied under the 

IAEA (International Atomic Energy Agency) inspection regime, binds signatory nations not to channel the 

nuclear material and technology acquired as a consequence of peaceful applications into military purposes. 

To start with there is the problem of those countries that have not joined the NPT and that have nevertheless 

obtained and developed nuclear technology: there are only a few of them but they have considerable political 

and military weight at a regional level. A further warning signal comes from the knowledge that some countries 

that had joined the treaty later developed nuclear potential for military purposes. In the early ‗90s an undisclosed 

nuclear programme was discovered in Iraq, developed despite the fact that the country was subject to IAEA 

safety checks. North Korea did the same, and today there are suspicions that Iran may be developing a nuclear 

programme. 

Alongside these negative examples there are of course positive ones of States that spontaneously 

relinquished the creation of nuclear weapons or the preservation of already existing arsenals. The main example 

is South Africa which, after equipping itself with nuclear bombs, opted to decommission them and complied 

with the NPT. 

But the overall picture that emerges worldwide shows that the end of the cold war has in no way attenuated 

the risks connected with nuclear proliferation. Once the confrontation between the two blocks had ceased the 

globalisation of regional problems has actually made the context more complex and multiplied the number of 

sensitive areas. 
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For a decade there has been a substantial awareness of the insufficient effectiveness of the inspection 

regime currently in place and of the consequent need to adapt it to the changed international scenario. Despite 

all the efforts at an organisational, technical and financial level it must be acknowledged that the current 

safeguard regime alone cannot achieve the aim of avoiding the proliferation of nuclear weapons.  

The inspection regime is a crucial point in the NPT. It is based on two key principles: 

1. Every country that joins the NPT must sign an international agreement with IAEA that commits it to 

allowing checks to be made on all the nuclear material in its possession and to disclose the sites where it is 

to be found. 

2. The IAEA check consists essentially of ―accounting for‖ the matter located at the declared sites.  

The recent cases of Iraq, North Korea and Iran have highlighted the weak points of the system, mainly the 

requirement that IAEA is obliged to carry out inspections only in the disclosed sites and only on the basis of 

accounting for the nuclear material initially declared. To this we can add the problem of so-called ―undeclared 

inspections‖, which are often opposed by the countries concerned and in any case are not well-timed because of 

the procedures currently in force that helps make the system ―permeable‖.  

It is a universally held opinion that it is now necessary and urgent to give greater powers and prerogatives 

to IAEA. In particular, at an institutional level it is necessary for the Agency to work in close contact with the 

UN Security Council, strengthening those control mechanisms that have proved most efficient. On an 

operational level it is also indispensable that its inspectors be given the investigative powers and technical 

verification tools hitherto judged too intrusive.  

The new operational model proposed by IAEA is based on the principle according to which checks should 

no longer be limited to declared sites, overcoming the practice of merely accounting for nuclear material. 

Verification should make use of inductive techniques, based on more ample access to information in order to 

identify rapidly proliferation activities by means of cross-checking.  

From this latter point of view, there must be three fundamental changes: 

1. The safeguard protocol must include the so-called expanded declaration, which aims to make the whole 

nuclear fuel cycle, and the operations connected to it, more transparent. In more detail, the States should 

provide IAEA with precise indications about those activities that, while not in themselves strictly nuclear, 

are in some way connected to nuclear activities, notifying the Agency of all civil and military installations 

in the vicinity of the declared sites. 

2. IAEA‘s role must be extended to intelligence gathering, by analysis of the information provided by the 

various countries or that has in case come into the Agency‘s possession. In the case of inconsistencies, the 

Agency must be able to use a binding power to demand additional information or clarification from the 

country in question. 

3. The IAEA must be equipped with the instrumentation necessary for it to carry out efficiently an 

environmental monitoring function, aimed at detecting the radioactive elements that leak during processing 

and that are indicative of the type of process carried out. 

As far as access to the sites is concerned, the new operating code envisages the following innovations: 

a) In the declared sites access must be allowed not only to strategic points, but also to other installations at the 

same site. 

b) Access must be allowed to installations and sites that, even if they do not contain nuclear material, form an 

integral part of the fuel processing cycle. 

c) Inspectors must be allowed access to industrial and military plants close to nuclear sites. 

d) If the IAEA considers it necessary to acquire further information and to carry out environmental 

monitoring, access to sites not indicated in the expanded declaration must be allowed. 

For these transformations to take place, so-called challenge inspections must be also allowed, that is to say 

inspections decided upon autonomously by the IAEA and without previous notice, allowing for the Agency‘s 

inspectors to obtain multiple visas, or even freedom of access without visas. 

Finally it is important to stress that the fourth requirement which has to be observed by fourth generation 

reactors is ―resistance to proliferation and physical protection against terrorist attacks‖ 
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7. Energy from nuclear fusion 
 

 

Summary 

The use of nuclear fusion reactions is a possible method for energy production and it has been under 

development for about 50 years. In this kind of reaction, two nuclei of light elements (typically deuterium and 

tritium, isotopes of hydrogen) fuse to form the nucleus of a heavier element (typically helium).  

Fusion possesses characteristics that make it extremely attractive as a primary source for energy generation, 

such as: 

(a) practically unlimited fuel which is plentiful and cheap,  

(b) minimum emissions of CO2 and other atmospheric pollutants,  

(c) intrinsic safety in all phases of operation,  

(d) radioactive waste recycling within a time scale compatible with one human generation, with no need for 

permanent geological waste storage. 

Over the past 40 years progress in plasma physics and technology for heating and confinement at the 

densities and temperatures of interest for a fusion electricity power plant has been considerable. In the case of 

magnetically confined plasmas, which is the dominant line of research in Europe, the possibility of arriving at 

the construction of a prototype fusion plant (DEMO) still requires answers to the following fundamental 

questions however: (i) maintaining a large volume (~ 1,000 m
3
) deuterium-tritium plasma at high temperature 

(over 100 million °C), in almost stationary conditions for a sufficiently long time and with a high ratio between 

the power produced by the fusion and the power to sustain the plasma which is supplied from outside; (ii) 

demonstrating the reliability of numerous highly complex components; (iii) verification of the resistance of the 

materials to be used for the internal components of the power plant over the time span required for the plant to 

function economically. 

The answer to the first two points should come from the ITER (International Thermonuclear Experimental 

Reactor) machine. Work on this began at an international level in 2007 and it should become operational in 

about ten years. The third point should be answered definitively by the material test machine called IFMIF 

(International Fusion Materials Facility). This project and the testing of the main components are already under 

way within the framework of an international collaboration (Broader Approach). These projects, accompanied 

by a complementary research and development programme at a European and international level, should allow 

researchers to acquire the elements necessary for the construction of a prototype fusion power plant within the 

next 30 years. 

 

 

7.1 INTRODUCTION 

Research into the fusion of light nuclei for the production of energy for peaceful purposes 

in the world began in 1955 at the second Conference at Geneva on ―Atoms for Peace‖. In 

Europe the countries signing the Euratom treaty decided to develop research in common from 

the beginning, through Association Contracts between the Countries and Euratom itself. Italy 

was the second country to set up an Association with Euratom and has always maintained a 

high profile role in research in this field. 

Over the following decade, in Europe and in the USA, in the Soviet Union and in Japan, 

exploratory studies were made which led to the choice of the deuterium-tritium (D-T) cycle 

for the first generation of energy generating plants, and to the limitation of the high 

temperature mixture of ionised particles thus produced to two systems of confinement 

(magnetic and inertial). 

In the case of D-T the deuterium and tritium mixture is heated to a high temperature until 

the number of fusions required for energy production is reached, according to the process: 

 
2
D  +  

3
T  =  

4
He  (3.5 MeV)  +   n  (14.1 MeV). 

 

The energy developed for every gram of reacting matter is equal to about 340 GJ, equivalent 

to 8 tonnes of oil. 
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However, since the nuclei have positive electrical charge and, therefore, repel each other, 

energy must be spent in order to bring them closer together. The most efficient solution is to 

heat a mixture of the two gases up to very high temperatures (of the order of 100-200 million 

degrees). To succeed in this, it is necessary to avoid contact with the walls of the container in 

which the gas is held and to reduce heat dispersion to a minimum. On the other hand, already 

at 100 thousand degrees, atoms and molecules pull apart into positive nuclei and electrons 

giving rise to a new state of matter called plasma. 

While in a gas the interaction between atoms takes place by direct contact, in plasma 

interaction occurs by means of the electromagnetic fields produced by the charged particles, 

with effects even at long distances, in which the simultaneous contribution of many particles 

are added together (collective effects). Only a small fraction of the collisions leads to close 

contact between two nuclei and thus to fusion. 

There are therefore essentially two fundamental conditions for controlled fusion:  

– the plasma must be heated to the temperatures necessary to produce fusion reactions in 

sufficient quantity; 

– containment and thermal isolation of the plasma (confinement), to minimise the loss of 

particles and of energy and to arrive at an adequate ratio between the energy deposited in 

the plasma by the fusion products and the power lost. The condition of equality between 

energy yielded to the plasma by the fusion and the losses at its boundary is called 

―ignition‖. 

These conditions are achieved when the temperature (T) on the one hand and the product 

plasma density (n) by the energy confinement time ( ) on the other (or in first approximation 

the triple product n T) exceed characteristic threshold values of the specific reaction (fusion 

conditions). 

The result can be obtained both with high density plasmas confined for short times 

and with low density plasmas and high confinement times. ―Inertial fusion‖ aims at the first 

solution, ―magnetic fusion‖ aims at the second. Research developed by the European Union 

mainly follows this second approach. 

The operating characteristics of an energy generating plant based on the D-T reaction are 

the following: 

– the nuclei of ionised helium (alpha particles) produced by the fusion reaction, since they 

are electrically charged, stay confined in the volume of the plasma and, having an energy 

much higher than that of the D-T mixture, yield this energy to the plasma itself 

compensating for the losses; 

– the neutrons escape towards the outside of the configuration and their energy is deposited 

in a mantle placed around the plasma that houses the primary cooling system. The mantle 

is made up of a lithium based material. The neutrons, as they are slowed down, interact 

with the lithium to produce tritium. The tritium production reactions from natural lithium 

(made up 7.6% of 
6
Li and 92.5% of 

7
Li) are the following: 

 
6
Li  +  n  =  

4
He  +  

3
T  +  4.8 MeV , 

7
Li  +  n  =  

4
He  +  

3
T  + n  –  2.5 MeV . 
 

The tritium produced is extracted and recycled as fuel in the reaction chamber. Thus the 

raw materials for the fusion fuel (D-T) are deuterium and lithium. 

 

7.2 RESEARCH INTO INERTIAL FUSION 

In inertial fusion, if a pellet of solid fusion fuel is compressed at extremely high density 

and a part of it is heated to the temperatures required to reach ignition, it is possible to 

generate net fusion power before the pellet itself explodes. In this approach the confinement 
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is not given by external fields but by the inertia of the hot fuel which slows its expansion for 

a finite time (hence the name inertial confinement). 

The compression is achieved by heating uniformly from all sides only the outer surface of 

a spherical, internally hollow target, in such a way that the intense heating of the surface 

creates an implosion inwards while the superficial layer explodes outwards. The compression 

process can be fed by a high power laser or by a beam of accelerated heavy ions. The kinetic 

energy acquired by the particles is sufficient to produce fusion reactions.  

The fraction of reacting (―burned‖) fuel in the compression of the pellet depends critically 

on the product density times the radius of the compressed fuel, ρR, called area density: this 

parameter is the equivalent of the product n  seen for magnetic confinement. For inertial 

fusion the ignition condition is reached by heating a fuel with ρR equal to about 0.4 g/cm
2
 to 

a temperature no lower than about 2.5·10
7 

K. However reaching the sole condition of ignition 

is not sufficient to operate an inertial fusion reactor: it is necessary in fact to reach an 

implosion yield higher by a factor of 20-30 and a performance for the energy source (laser or 

ion beam) higher by a factor of 3-10, compared to the values corresponding to the ignition 

condition. The first objective can be obtained if the area density ρR reaches values of about 

3.0 g/cm
2
, to which corresponds a burned fraction equal to about 30%. On the other hand, 

with simple models it can be proved that the energy required by the accelerator scales 

approximately as the inverse of the square of the density of the fuel. So to reach the second 

objective, densities of the order of 200-400 g/cm
3
 are necessary, i.e. 1,000-2,000 times the 

normal density of solid D-T. 

To sum up, the important phases associated with the implosion of the pellet are the 

following: 

– At the moment of the impact of the energy from the accelerator onto the surface of the 

pellet, its surface layer is transformed into plasma at a temperature of a few million K, 

which expands outwards at a velocity of 100-1,000 km/s.  

– As a reaction, the remaining portion of the spherical pellet is accelerated inwards, 

reaching a velocity of up to the order of 300-500 km/s, compressing and heating the fuel. 

If at the peak of the implosion the conditions indicated above (ρR ≈ 0.4 g/cm
2
 and 

temperature not lower than 2.5·10
7 

K) are satisfied in at least one zone of the compressed 

fuel (hot spot), thermonuclear ignition is reached with the consequent propagation 

throughout the pellet. 

The results of the experiments developed over the past twenty years have provided the 

basis for the design of two large experiments, currently in an advanced stage of construction: 

the National Ignition Facility (NIF), at Livermore, and the Laser Megajoule (LMJ) in France. 

In both cases the implosion generator consists of a large number of laser beams (about 200), 

with light with a wavelength of 350 nm, with an overall energy of 18 MJ and a power of the 

order of 500 TW. Both experiments, which should become operational between 2008 and 

2010, were designed to allow experiments with global gain >1. 

As for the future, there are doubts that lasers can be the energy source for power plants. 

The reasons are basically linked to the low energy efficiency (yield under 10%) of lasers and 

to the difficulty of achieving high repeatability values for the impulse (5-10 pulses per 

second). For these reasons an alternative energy source is being developed which consists of 

a heavy ion accelerator. The yield in this case can reach 30%. On the other hand there are 

still many problems to be faced for this solution too, linked to the need to produce the energy 

pulse in a very short time (about 10 ns) and to the need to deposit the ions produced by the 

accelerator in the smallest possible volume of the combustion pellet. 
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7.3 RESEARCH INTO MAGNETIC FUSION  

In the case of magnetic fusion the confinement of the plasma takes place by means of 

magnetic fields, capable of guiding the motion of the charged particles, within the 

combustion chamber, according to trajectories that do not intersect the walls. Currently the 

most studied machine concepts are for toroidal systems called, respectively, Tokamak, 

Stellarator and Reversed Field Pinch (RFP). Of the three the Tokamak configuration is the 

one that has allowed greatest progress to be made from the point of view of heating and 

containment and thermal isolation of the plasma itself. 

The Tokamak machine consists of a toroidal ring, in which an ultra high vacuum is 

produced to eliminate the residual gases and into which the low density ―fuel‖ (10
20

 

particles/m
3
) is injected. The walls of the ring constitute a container for the gas and must 

absorb the heat transmitted by the hot plasma during operation. A set of coils, arranged 

symmetrically around the ring, generates a toroidal magnetic field, aimed at guiding the 

motion of the particles, while a solenoid placed in free space around the axis of the torus and 

coaxial with it, constitutes the primary current of a transformer, which has the plasma ring as 

its secondary current. The transformer induces a toroidal current in the plasma, parallel 

therefore to the main magnetic field, which heats by Joule effect and contributes to the 

magnetic confinement configuration of the plasma itself. However as the temperature of the 

plasma rises its electrical resistance, and therefore the heating power at constant current, 

diminishes, while losses due to radiation and heat transport increase. Considering the 

technological limits it is clear that it is not possible to reach fusion conditions with the Joule 

effect alone so ―auxiliary‖ heating systems are used. For example: (i) injection of high energy 

neutral atom beams which penetrate the plasma and, yielding their energy by collision, heat 

it; (ii) heating with electromagnetic waves (with appropriate frequencies for efficient 

interaction with the plasma). 

In Fig. 7.1 the progress of current studies on Tokamaks is represented by the results 

obtained for the triple product n T (density of the plasma, time of energy confinement, 

temperature of the plasma), already 

indicated in the Introduction. As can be 

seen the progress from 1970 to 2000 has 

allowed an improvement of a factor of one 

hundred in the fusion parameter to be 

achieved. Amongst the many machine in 

Europe and worldwide machines that have 

contributed to this success we should 

mention in particular the JET (Joint 

European Torus) plant, a common 

European undertaking. JET, installed at 

Culham, began working in 1983 and is 

still operational today. It represented one 

of the most important Tokamak research 

instruments in the past twenty years. 

Since the ‘80s, in parallel with experi-

mental activity, studies and projects for 

thermo-nuclear regime machines began, 

designed to demonstrate fusion scient-

ifically and for the subsequent construc-

tion of the prototype reactor, and for 

research into the development of the main 

technologies necessary. In 1988 Europe, 

Fig. 7.1: Fusion parameter and temperature in 
the main Tokamaks in the world. Progress over 
the years. 
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the USA, the URSS and Japan decided to launch together, under the aegis of the IAEA, the 

project for such a machine, called ITER. In the ten years that followed, the ITER Team 

developed the project and defined the criteria for the choice of the site for the machine. 

Finally, in November 2006, the representatives of what in the meantime had become the 

seven partners supporting and financing ITER (European Union, China, Japan, India, 

Republic of Korea, Russia, and USA) signed the agreement for the construction of the 

machine, after a long phase of negotiations.  

Alongside the detailed planning of ITER and the testing in prototypes of its main 

components, studies for the conceptual design of future fusion electronuclear power plants 

were elaborated, so as to identify the problems linked to their construction and operation and 

to define the strategy and steps in research and development in order to arrive at commercial 

fusion. In this context the study of a plant to test the behaviour of fusion material under 

irradiation was developed (IFMIF), by means of an agreement facilitated by IEA. 

 

7.4 THE ITER PROJECT AND THE “BROADER APPROACH” 

ITER (Fig. 7.2) is the first machine with the aim of producing fusion energy, with 500 

MW pulses sustained for up to 400 seconds, in conditions in which the heating of the plasma 

by the helium nuclei produced by the fusion reactions will predominate compared to that 

generated by the external circuits.  

 
Fig 7.2: Cutaway drawing of the ITER plant. 

 

The plant is designed to generate a few thousand impulses a year and to verify the 

solutions now deemed suitable to test the essential technologies for a fusion power plant, in 

particular:  

– the use of superconductors for the magnetic system, necessary to limit power dissipation; 

– the loading of the ―fuel‖ into the reaction chamber and the contemporary extraction of the 

particles produced; 
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– the heating of the plasma and its control by auxiliary power, so as to test plasma 

conditions (scenarios) able to achieve operating cycles as long as up to stationary 

operation, if possible; 

– the disposal of the energy generated and of the burned fuel and the recovery of the 

tritium; 

– control of working and of operational safety. 

ITER will also be a test-bed for the development of the most efficient ―fertilising mantle‖ 

for producing tritium, necessary to compensate for that used by the fusion reactions, and to 

prove the possibility of stationary operation. 

The construction of ITER began in Cadarache (France) in early 2007. The programme 

allows for its construction over 10 years and the development of experimental activities in 

several phases, over a period of 25 years. At the end the site will be made safe and 

subsequently, over 6 years, the decommissioning and the transport of the waste to a suitable 

site will take place. The construction costs are estimated at 5,000 million € at 2002 values. 

In the framework of the 2007-2011 European Programme, the Associations and the new-

born executive Agency ―Fusion for Energy‖ will promote and will carry out a research 

programme in to plasma physics and engineering and a technological development 

programme heavily slanted towards the success of ITER and towards accelerating its results 

(accompanying programme). Experimental activity on the machines operating in the 

European Union, including JET, and planning of updates or construction of new experiments 

will be reviewed and aligned to this objective. 

In this context the steps laid down in the recent agreement between the EU and Japan 

called the ―Broader Approach‖, which came into effect in June 2007, will be developed. It 

covers UE-Japan cooperation on three large research projects and will be open to 

participation from the other ITER partners. The three projects are: 

– completion of the engineering project, development and testing of the main components 

of the IFMIF plant (International Fusion Material Facility); 

– creation of a computer centre for the simulation of experiments and a centre for 

development and research preparatory for DEMO, IFERC (International Fusion Energy 

Research Centre); 

– construction and operation of a ―satellite‖ tokamak of ITER (JT60SA). 

 

7.5 STRATEGY AND STEPS TOWARDS COMMERCIAL FUSION  

Since 2001 a group of experts has been working, at the request of the Presidency of the 

European Union, on a proposed programme towards the ―Fast Track‖ commercial 

exploitation of Fusion. The characteristic elements and the steps of this programme, which 

with subsequent updates has become the reference programme for the European Union and 

for the international fusion Community, are indicated below (Fig. 7.3, top section). 

The essential elements of this programme can be defined as follows: 

a) The construction and operation of the ITER experiment is the fundamental step towards a 

prototype power plant (DEMO). ITER is a machine of a size similar to the core of the 

future reactor power plant, with the task of demonstrating the scientific and technological 

feasibility of controlled fusion, in plasma conditions that will lead to a ratio of 10 between 

energy produced by the fusion and energy supplied from outside. The machine must have 

the operating flexibility to allow the results of experiments on ―satellite‖ machines and 

devices to be integrated into its experimental activity both in terms of plasma physics and 

technology. At the same time ITER‘s experimental programme must be focussed in order 

to obtain in a relatively short time the crucial answers for the definition of the parameters 

of DEMO. 
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Fig.7.3: Reference (Fast Track ) programme and fusion ―Early DEMO‖ scenario. 

 

b) The step following on from ITER will be the prototype reactor (DEMO). It will have to 

test all the operations of a fusion power plant, in particular the continuous production of 

energy, with conversion into electricity, and the production, recovery and recycling of 

tritium necessary for the self-sustainment of the fuel. DEMO will function in a quasi-

stationary way for long periods.  

 The development of materials suitable for use in DEMO and in commercial reactors 

will require the continuation of research to optimise the materials of the main 

components and their resistance, subjected to radiation, during the working of the 

plant. For these investigations, already existing materials test installations (fission 

reactors) will be used, as far as possible. However the presence of a greater 

percentage of fast neutrons in the fusion spectrum compared to fission will imply a 

change in the resistance of the materials under irradiation. This will require tests in a 

new installation where the real spectrum of fusion can be simulated. As indicated 

above, the preliminary project for this plant, called IFMIF (International Fusion 

Materials Irradiation Facility) has already been worked out. The concept it is based on 

is that of producing a neutron spectrum comparable to the spectrum of a fusion reactor 

in sufficient volume to simulate the damage to the materials of the components closest 

to the plasma. The neutron spectrum will be created by bombarding a moving metallic 

lithium target with high energy deuterons. Completion of the planned installation and 

the creation of the prototypes of the main components is expected within six years, 

within the framework of the already mentioned Broader Approach Agreement 

between the UE and Japan. So the IFMIF could be built within the next 10-12 years. 

The construction and activity of ITER and of IFMIF are therefore proceeding in 

parallel. 

 Involvement of industry is currently limited to executive projects and to the creation 

of components, with orders paid by public funds. However its role should grow 

progressively during the construction phase of ITER and IFMIF, to become 

predominant in the design and construction of DEMO. In a later commercial 

exploitation phase this should allow aspects such as reliability, feasibility, ease of 

maintenance, availability to be tackled: in brief summary the economic viability of 
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fusion. This is essential to attract the interest and the investments of the electricity 

companies and of the energy industry. 

Recently, in the framework of the preparation by the European Commission of the 

Strategic Energy Technology (SET) plan, the possibility was discussed of reducing the period 

of 30-35 years currently considered in the European reference plan. For this there is a 

proposal to study the design of a machine (EARLY DEMO) in which would be demonstrated 

fusion production within 25 years. This machine would use the low activation materials, such 

as the Eurofer steel in an advanced state of development, which are deemed to be suitable for 

the operating conditions of the plant. 

 

7.6 RESEARCH INTO FUSION IN ITALY 

Activity in Italy began in 1958 at the Universities of Rome (with the support of the 

CNEN
48

), Milan and Padua (with the support of the CNR). In 1960, the CNEN stipulated an 

association contract with Euratom and the construction of the Frascati laboratory, which has 

become the site of numerous and significant experiments (including Cariddi, Plasma focus, 

Hot Ice).  

In 1970, at Frascati, construction started of a first tokamak with a high magnetic field, 

FT, around which much of the laboratory‘s activity was concentrated. In the same year the 

CNR also stipulated an association contract with Euratom: The Milan group was typified by 

significant theoretical research, while the Padua group concentrated on research into 

magnetic confinement in the Reversed Field Pinch configuration. In 1982, the construction 

began of a second high field tokamak, FTU, still the focal point of research at ENEA, with 

the collaboration of the Milan group. In 1984, when the CNR-EUR Association merged into 

the ENEA-EUR Association, at Padua the construction began of RFX, the main experiment 

in the world for per the Reversed Field Pinch configuration. Today this too is fully 

operational and provides, amongst other things, results of particular interest on the 

multimodal control in real time of MHD instabilities. Also significant are technological 

development, the participation in the European undertakings JET and NET and in the 

international group designing ITER. 

Within ENEA, with the urging of Prof. B. Coppi and with the collaboration of numerous 

university researchers, studies, projects and prototypes of components for a high field 

machine, aiming to produce ignition experiments with short impulses (IGNITOR) have been 

developed, since 1976. The project has been, repeatedly expanded and consolidated. 

However the groups set up by Euratom to evaluate it have not expressed themselves in favour 

of its construction, above all given the expectation of ITER being built in Europe. 

The international agreement for the construction of ITER and the bilateral Europe-Japan 

agreement for the activities of the Broader Approach linked to it, has also led to the Italian 

programme being redefined. Alongside ENEA and CNR the collaboration of INFN, in 

relation to its competence in the field of particle accelerators, has been acquired. 

The fields for intervention, and the main activities, during the decade of ITER‘s 

construction, were defined by the National Fusion Coordination (ENEA, CNR, INFN) in 

January 2006. This constituted the basis for the reciprocal commitment of Italy and Euratom 

for achieving progress of common interest.  

The fields for intervention are: 

1) Participation in the construction of ITER by: (i) a qualified and proportional presence of 

Italian researchers and technicians in the organisations charged with the project (Iter 

Legal Entity, Joint Undertaking); (ii) support for Italy‘s industrial system for the best 

                                                 
48

 CNEN (Comitato Nazionale per l‘Energia Nucleare) was the Italian National Committee for Nuclear Energy, 

later on transformed into ENEA. 
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execution of contracts related to ITER; (iii) assumption of specific and direct 

responsibility for the development and production of components with a high scientific 

content (diagnostics and heating systems); (iv) construction by the RFX Consortium of 

the development and testing plant for the heating system of the plasma in ITER, with the 

injection of accelerated neutral atoms (NBI).  

2) Execution of the activities attributed to Italy in the framework of the Broader Approach 

Agreement. In particular, participation in the construction of IFMIF and the JT60SA 

tokamak. 

3) Design and construction by ENEA of a new non nuclear tokamak for research in support 

of ITER, FT3, in collaboration with other associations, subject to Euratom approval.  

4) Intense experimental programme of physics research fully exploiting the existing FTU 

and RFX plants. Parallel development of theoretical research and computer simulations. 

5) Intense technological research programme, supporting ITER, for the Broader Approach 

and for the development of the consequent DEMO demonstration reactor. In this sector 

also full use of the existing experimental devices and their integration with any new 

devices. 

6) Training of new personnel, also bearing in mind participation in international activities. 

 

7.7 THE SUSTAINABILITY AND ECONOMICS OF FUSION 

As already stated, studies of a fusion power plant, and in particular those based on D-T 

fuel and magnetic confinement, have been considerably developed over the last decade. The 

results of these studies have allowed the main aspects that characterise the sustainability of 

fusion as a primary energy source (primary resources, safety, and radioactive waste) to be 

evaluated and to make a preliminary estimate of the costs of a commercial fusion power 

plant. 

In Europe various concepts of Tokamak machines (European Fusion Power Plant 

Conceptual Studies, PPCS) have been studied using progressively more advanced hypotheses 

for the physics of the plasma compared to those used in ITER and for the type of fertilising 

mantle for the production and recovery of the tritium and heat extraction. Instead the same 

solutions used in ITER have been maintained for the magnetic system, the combustion 

chamber, the neutralisation system and the discharge of the exhausted plasma (divertor) and 

its treatment in order to recover the tritium to be reintroduced into the combustion chamber. 

These studies have led to the definition of the main parameters of four plants, indicated as 

Models A, B, C, D. All contemplate a stationary operation, with additional continuous 

external supply (auxiliary power) using the same systems necessary for the initial heating of 

the plasma. The fraction of recirculating power, to generate auxiliary power, varies according 

to the model, from 28% in the most conservative case (Mod. A) to 11% in the most advanced 

case (Mod. D). These studies have also allowed the degree of sustainability of fusion as a 

primary energy source to be evaluated and for a first estimate of the costs to be made. 

 

a) Natural fuel resources 

Deuterium is found in sea water in quantities equal to 30 g/m
3
, corresponding to a reserve 

of the order of 10
13

 tonnes. The deuterium requirement for a 1 GWe plant is about 200 

kg/year. So its availability is practically limitless. 

The estimated stocks of lithium in the Earth‘s crust amount to about 12 Mt. Lithium is 

also present in sea water with a concentration of about 0.2 g/m
3
,
 
corresponding to a further 

reserve of the order of 10
11

 tonnes. The annual requirement for natural lithium for a 1 GWe 

plant varies according to the type of fertilising mantle, typically between 10 and 70 t/y. So for 

lithium too it can be said that its availability is practically limitless.  
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b) Plant safety and environmental impact 

Fusion has various elements that make it a priori favourable from the safety and 

environment point of view. They are: (i) small quantity of fuel in the combustion chamber, 

which leads to the almost immediate arrest of power generation the moment the fuel feed is 

shut down; (ii) production prevalently of gamma emission isotopes with relatively short 

decay times; (iii) low power density of the reactor core; (iv) absence of fissile matter; (iv) no 

production of greenhouse gases.  

Current studies on fusion power plants adopt, as far as safety targets are concerned, the 

principle called ―defence in depth‖. This principle claims that all safety activities must be 

subject to multiple operating levels, so as to ensure in any case the absence of harm to 

individuals and to society as a whole. Confinement of the radioactivity in the fusion plant is 

ensured in current projects by three successive barriers. 

The results of these studies show that:  

(i) During normal operation the doses outside the plant of atmospheric and water radioactive 

effluent (tritium and activation products) are well below permitted levels.  

(ii)  In the event of an accident: 

 there is no possibility of uncontrolled power excursion since the reactivity of the 

plasma is limited by the intrinsic processes of the system; 

 the internal structures of the machine cannot melt even in the event of an accident 

with the loss of all active cooling following a sudden loss of power (passive safety); 

 the greatest foreseeable accident originating inside the plant could not lead to rupture 

of the external containment barrier and the maximum dose of radiation leaking with 

the materials involved in the accident (tritiated or activated by the neutrons) would 

lead to exposure levels for the public that would not require evacuation. 

 

c) Management of radioactive waste 

In fusion power plants radioactive waste derives from the neutron activation of the 

components unloaded from the plant and from the presence of tritium. Most of the 

radioactivity induced by the neutrons is 

generated in the components that are close to 

the plasma and in the fertilising mantle. 

These components are replaced periodically 

during the lifespan of the plant while other 

components, such as the vacuum vessel, the 

magnetic system and its screen, are expected 

to remain for the whole operating time of the 

plant. 

Radiotoxicity at the shutdown of a fusion 

plant decays within 100 years to values that 

are between ten thousand and a hundred 

thousand times lower than for fission and 

comparable to those of the ash from a coal-

fired plant (Fig. 7.4). The classification of 

the waste with a view to final treatment is 

carried out on the basis of the dose on 

contact and of heat production. They are 

distinguished as follows, (a) waste that, when 

disposed of, can be used in industry without 

restrictions, (b) waste that requires distance 

treatment (telemanipulation) before further 

Fig. 7.4: Decay of radiotoxicity for fission 
plants (PWR and EFR fast reactor projects) or 
fusion (fusion 1, structures in vanadium alloys, 
fusion 2, structures in low activation steel) and 
comparison with a coal plant, for parity of 
electrical energy produced. 
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use and finally (c) waste that needs a deep-site geological repository. The studies of the 

European PPCS programme showed that after 100 years of the plant being shut down about 

40% of the waste is considered suitable for use without further restrictions, 60% can be 

recycled in the nuclear industry with distance treatment, while there is practically no waste 

that requires a permanent geological repository. 

 

d) Economic aspects of fusion 

Conceptual project studies of fusion power plants, developed recently in the USA, in 

Japan and in the EU, have allowed the relative importance of the items that make up the cost 

per kWh to be identified, distinguishing direct costs from external ones associated with 

environmental damage or negative effects on health. 

The ―direct cost‖ of electricity (2004 quotation), calculated for the four cases of fusion 

plant considered in the study European (PPCS) and assuming a technological learning factor 

of 0.4, varies between 0.07 and 0.04 €/kWh, going from more conservative plant projects to 

more advanced ones. In all cases, the ―capital cost‖ is predominant, about 70%, to which the 

cost of the magnetic structures contributes about 40%, while the ―cost for reuse of mobile 

parts‖ of the plant during its lifetime (mantle, neutron screen and divertor) represents about 

10%.  

The ―external costs‖ of fusion energy are very low. For the power plants considered in the 

PPCS study they vary from 0.0025 to 0.0006 €/kWh. And they are dominated by costs linked 

to conventional parts, in particular to conventional accidents during construction.  

 

7.8 CONCLUSION 

Fusion as a primary energy source presents enormous potential and, at the same time, a 

demanding technological challenge. It has characteristics that make it extremely attractive as 

a primary energy source for electricity generation: 

– plentiful and cheap fuel in practically unlimited quantities, 

– minimal emission of CO2 or of other atmospheric pollutants while the plant is operating, 

– intrinsic safety in all phases of operation and of power plant shutdown, 

– management of radioactive waste within a period compatible with a human generation. 

The activities developed over the past decades have allowed us to understand and to face 

many of the scientific problems of magnetic confinement and plasma heating.  

The ITER project will allow the feasibility of fusion to be verified at a scientific level and 

will provide the elements to develop within 30-25 years a plant prototype (DEMO) capable of 

producing electricity with continuity. This could plausibly be accelerated by few years with 

greater annual resources (but with approximately equivalent total resources until the result). 

The international collaboration developed for ITER is in itself a fact of great importance 

and it will continue at a research level but it is probable that the next step, the building of 

DEMO, will see the competitive development of several machines by some of the ITER 

partners. In this way the technological outcome will be reinforced and speeded up and, at the 

same time, subsequent commercial application will be prepared. 

For inertial fusion the known results are less consolidated. However important research 

has been developed in laboratories bound to secrecy. It is a possible alternative but a forecast 

timescale is more uncertain. 
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8. Solar photovoltaic sources 
 

 

Summary 

In the current transitional phase towards a sustainable energy system, photovoltaic systems are considered a 

key technology and they are becoming rapidly more common. The percentage increase in the world‘s 

photovoltaic cell production grew by about 40% annually over the last three years. In Asia (especially in India 

and China) in 2006 production increased by 121.5% compared to the previous year. Note however that the 

energy produced by all photovoltaic installations worldwide is only the equivalent of that produced by about 

two to three conventional thermoelectric power plants: it therefore has no real impact yet on the global energy 

market. This is basically due to the high production costs of photovoltaic modules, which results in a cost per 

kWh at least three times that of conventional fossil fuels. 

In Italy energy incentives have led to the photovoltaic market taking off and the total installed power 

reached 70 MWp at the end of 2007. Similar incentives have led to the great increase in installations in 

Germany (over 4 GWp by the end of 2007) and, more recently, in Spain too. Unfortunately the Italian 

manufacturing sector is rather undeveloped so that it is probable that photovoltaic modules will continue to be 

imported from other countries.  

The current high cost of photovoltaic energy depends on the fact that the efficiency of the cells is low and 

the active substance used, silicon, is expensive to process. To overcome this limit today three paths have been 

chosen: (i) optimising the production process for silicon modules; (ii) developing thin film technology with 

amorphous silicon or other materials (CdTe and CIGS); (iii) developing solar concentration technology.  

Today photovoltaic systems based on thin film, which are extremely competitive from the point of view of 

production costs, are already establishing themselves in the market. The production of CdTe modules, 

negligible up to two years ago, today amounts to 270 MWp/year and will reach about 900 MWp/year by 2009. 

In this sector, Italy is in the forefront only at a laboratory level for now but there are all the premises for this 

expertise to make an impact on the market. 

With the solar concentration method, using lenses or mirrors, efficiency can (in theory) be over 50%, and 

little active material is used. However, there are not yet any precedents for major production plants exploiting 

this technology. 

Considering the difficulties generally met with when installing photovoltaic plants in Italy and also the 

major economic commitment for the Government if incentives continue to remain the main market force in 

future, a growth scenario by 2020 for total installed photovoltaic power of 7-8 GWp, corresponding to about 10 

TWh/year of electricity output (about 3.3% of current electricity consumption) might be truly realistic. 

 

 

8.1 PHOTOVOLTAIC ENERGY 

It may not be obvious to everyone that, apart from nuclear energy, geothermal energy 

(due to natural radioactivity) and tidal energy, all the energy available on the Earth derives 

from the Sun and arrives on our planet in the form of electromagnetic radiation (light). 

Through chlorophyll photosynthesis part of this solar energy is accumulated in biomass, with 

a conversion process of such low efficiency (around one per cent) that current energy 

consumption could not be satisfied without squandering the large quantities of fossil biomass 

(oil, coal and gas) formed over whole geological eras. 

Without wishing to enter here into questions relating to the possible consequences of 

massive use of fossil fuels, we shall simply tackle the practical question whether it is possible 

to find a form of energy conversion just as economic but more efficient than chlorophyll 

photosynthesis; one that will allow us to obtain from the solar radiation that arrives on the 

Earth a quantity of energy adequate for our requirements. Photovoltaic modules and solar 

thermal energy (of which we shall speak in chapter 9) are the devices we shall deal with. 

These are capable of transforming sunlight efficiently into other forms of energy useable by 

man, like electricity and thermal energy. The efficiency of these devices varies typically 

between 10% and 30-40% (and even higher for thermal panels), that is to say from 10 to 40 

times the efficiency of chlorophyll photosynthesis. 
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Let us do a few quick sums: over a single square metre in southern Italy solar radiation 

comes close to 2,000 kWh of energy per year. Considering a solar energy conversion system 

with an efficiency of 12% we arrive at 240 kWh/m
2
. In Italy in a year we consume about 320 

TWh, so this means that by using the solar energy incident over a surface of 35·35 km
2
 we 

could satisfy all our electricity requirements. In practice it would be convenient to use large 

concentrating plants to generate thermoelectric energy in the sunniest regions, and 

photovoltaic systems scattered over the rest of the country. The advantage of photovoltaics is 

that citizens can be consumers and producers, installing the modules on the roofs of their 

homes or in the fields.  

Why then are we not yet invaded by these devices that would free us from the difficult 

dependence on fossil fuels? There are basically three obstacles to this expansion: 

1) high cost of electricity produced by the direct conversion of solar energy, 

2) real difficulty of managing a scattered electricity production system, 

3) intermittence of solar radiation. 

The first point is the one that sets the greatest limitation today. Indeed the second and 

third, as we shall soon see, will only really come into play when electricity production by 

means of converting solar energy reaches levels comparable with that used nationally.  

Currently the main obstacle to the use of solar energy is, therefore, its high cost per kWh, 

which varies from 0.25-0.40 €/kWh for photovoltaics to about 0.15 €/kWh for 

thermodynamic solar power at medium/high temperature. In both cases (photovoltaic and 

thermodynamic), we must stress the extraordinary progress we are now witnessing. This 

progress is bringing to market technologies that promise to reduce these costs in a period of 

just a few years. 

The second point, the problem of treating a widespread and scattered system of electricity 

production concerns photovoltaics above all and arises because the current distribution 

network and management of energy flow and electric current were not designed to accept 

such a system. This is a potential technological impediment to the future growth of the 

scattered production of photovoltaic energy. Already today the managers and providers of the 

electricity network are tackling the problem urgently and a solution is emerging. ENEL has 

begun to invest a lot in this field, developing intelligent network systems, and it is probable 

that national grids will adapt over time to the growth of this system of distributed energy.  

The third obstacle is more serious and difficult to solve, above all from the technological 

point of view. Currently all energy storage systems are expensive and not very efficient and 

unless there are important technological developments this point will become the main 

impediment to a large scale development of ―solar‖ electrical plants. The optimal solution 

would come, as already indicated, from the production and use of hydrogen. It must be said 

however that today this technology is not yet ready to be used economically and efficiently in 

power systems: it is too expensive, not very efficient, not very stable and not very reliable. A 

solution that is partial today, but that is becoming ever more practical, concerns 

thermoelectric solar plants. In these plants, instead of storing electrical energy, the aim is to 

store the thermal energy produced. The storage occurs by accumulating in large thermally 

insulated containers the thermovector fluid heated to a high temperature by solar 

concentrators. In this way a working autonomy of 8-10 hours without solar radiation can be 

achieved. Currently this does really seem to be the most promising path for transforming 

solar radiation into electrical energy. 

Meanwhile the market is growing and will grow independently of any national plan or 

strategy. Indeed, even when state incentives come to an end, the reduction in the cost per 

kWh produced by photovoltaic systems will lead customers to install ever more plants. Bear 

in mind that, as we shall return to later, the possibility of producing electricity in loco by 

photovoltaic systems, makes the cost per kWh obtained this way competitive with the cost 
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per kWh that the ordinary consumer finds in his utility bill, and not with the much lower pure 

cost of production by conventional plants. This is only natural, since the energy is produced 

and consumed in loco and is not subject to increased costs due to: (i) presence of 

intermediaries in distribution; (ii) writing down expenditure on the creation of electricity 

distribution infrastructure; (iii) maintenance costs of the distribution network itself; (iv) 

various taxes and charges (at least for now). 
 

8.2 COMPETITIVENESS OF PHOTOVOLTAIC ENERGY AND THE CURRENT WORLD MARKET 

The world market for photovoltaics has grown strongly from 1994 to 2006 arriving at 

over 40% in the past few years
49

 (see Fig. 8.1). 

 

 
 

Fig. 8.1: Production of photovoltaic modules worldwide in the period 1994-2006 
(source: PV News; Maycock, 2007). 

 

We stress that in 2006 the total increase was 41.1% and, even more significant, the 

increment in production by the countries of the ―Rest of the World‖ has reached 121.5%, 

pushing Europe (in practice Germany) out of first place and threatening Japan‘s position as 

leader. The credit for this acceleration is due above all to the massive growth in Chinese and 

Indian production. Figure 8.2, which shows total installed power, also indicates an 

exponential increase between 33% and 40% since 2003. 

For installations, as clearly shown in Figs. 8.3 and 8.4, the unchallenged leader 

worldwide is Germany, which alone has installed over 2/3 of the overall power in Europe. 

Germany also has a considerable advantage over other countries in the world as far as the 

figure for installed power per head is concerned (Fig. 8.5), which is three times that of Japan 

and over ten times that of the following figure, for Switzerland. 

                                                 
49

 Arnulf Jäger-Waldau (European Commission, Joint Research Centre, Renewable Energies Unit – ISPRA) has 

recently published in the specialist journal Solar Energy 77 (2004) 667-678 an article that begins thus: 

―Photovoltaics is one of the fastest growing industries at present. Over the last five years, the production of 

photovoltaic solar cells has steadily increased at an annual average of 40%, driven not only by the progress in 

materials and processing technology, but by market introduction programmes in many countries around the 

world.‖ 
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Fig. 8.2: Total power installed worldwide up to 
2006 (source: IEA-PVPS http://www.iea-
pvps.org). 

 
Fig. 8.3: Total power installed in some 
countries in the world at the end of 2006 
(source: IEA-PVPS. http://www.iea-
pvps.org). 

 

 
Fig. 8.4: Total power installed in some 
countries of the EU at the end of 2006 (source: 
IEA-PVPS. http://www.iea-pvps.org). 

 
Fig. 8.5: Installed power per head in some 
countries in the world at the end of 2006 
(source: IEA-PVPS. http://www.iea-pvps.org). 

 

In Fig. 8.4 it is interesting also to observe the growth in installations in the main European 

nations: it is obvious that, setting Germany aside, incentives are beginning to encourage the 

market strongly in Spain, Italy and France too. Figure 8.6 shows finally the percentage 

increase in plants on industrial sheds and buildings. 

Despite this growth, which is nevertheless considerable, the world‘s production of energy 

obtained from photovoltaic devices remains limited, corresponding approximately to two 

thermoelectric conventional medium power plants, and it is state intervention, in the form of 

economic incentives and information campaigns that has permitted this large market increase. 
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8.3 THE ITALIAN SITUATION  

In Italy the market for photovoltaic energy, and installed devices, have recently made a 

major leap forward, strongly encouraged by the recent energy account incentive. Basically, 

with the Law Decree of 29 December 2003, No. 387 (published in the Official Gazette No. 

25 of 31 January 2004), Italy recognizes the European Directive 77/CE/2001 for the 

encouragement of electrical energy from renewable sources. This framework law was put 

into effect by the emanation of a series of Implementing Decrees, the last of which on 19 

February 2007 by the Ministry of Economic Development (Official Gazette of 26 February 

2007). Thus the energy produced by photovoltaic systems is rewarded with a tariff of 

between 0.36 and 0.49 €/kWh, according to the type of plant; it can also be used by the owner 

of the plant to satisfy his or her own energy requirements and what is left over can be sold to 

his or her provider at market prices. 

This system of incentives allows the cost of the plant to be recovered in little over a 

decade and finally allows the installation of a plant [from 1 to 1,000 kWp
50

] to be considered 

an investment with a certain return over time, independent of one‘s electricity bill. 

 

 

 

Fig. 8.6: Distribution per application of the 
overall power of photovoltaic systems installed 
in 2005 and 2006. 

 

Fig. 8.7: Total installed power in Italy 
at the end of 2007. 

 

On the basis of these decrees tens of thousands of applications have already been 

presented to the Electrical Service Provider (ESP) for an overall power of several GWp, of 

which only a fraction has actually been accepted so far. This energy cost incentive has made 

the photovoltaic market in Italy take off with total installed power rising to 70 MWp by the 

end of 2007 (see Fig. 8.7). Similar incentives, but also more courageous ones, have been the 

cause of the strong growth in installed power in Germany and, more recently, also in Spain. 

Currently Italy has set itself the target of keeping this economic support system active until 

1.2 GWp is reached with incentives, but probably this figure is destined to increase, 

considering that in Germany in 2006 alone about 0.8 GWp were installed.  

It is estimated that, if there are no major reductions in the cost of photovoltaic systems, 

the Italian market will stabilise at levels of around 100 MWp/year. Unfortunately Italian 

manufacturing is not very developed, so that it is probable that we will continue to import 

photovoltaic modules from Japan, Germany, Spain and from other countries that have already 

established a flourishing national market.  

 

 

                                                 
50

 ―p‖ stands for ―peak‖. A Wp is a unit of measurement of the potential of the module. The power in Wp of a 

photovoltaic module corresponds to the power that the module itself provides when solar radiation incident on it 

is 1 kW/m
2
 and the temperature of the module is 25°C. 
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8.4 TOWARDS A PHOTOVOLTAIC MARKET FREED FROM THE SUPPORT OF INCENTIVES 

To evaluate the cost of a kWh from photovoltaic systems it is necessary to determine, 

from the value in kWp, the average energy really produced by the same module over a day or 

a year. In Italy, average solar radiation varies from 3.5 kWh/m
2
 per day (1,277 kWh/m

2
 per 

year) in the Po valley to 4.7 kWh/m
2
 per day (1,715 kWh/m

2
 per year) in the Centre-South 

and to over 5.4 kWh/m
2
 per day (2,000 kWh/m

2
 per year) in Sicily, to which we have a 

corresponding average power for solar radiation well below 1 kW/m
2
 (at 25 °C) which is 

used to calculate the peak power (in Wp) of a photovoltaic system. Making the necessary 

proportions we therefore have a 1 kWp plant that produces between 3.5 kWh per day (1,277 

kWh per year) and 5.4 kWh per day (2,000 kWh per year) according to its geographical 

location (in other words, in Italy the real average power of a photovoltaic system is obtained 

by dividing the ―peak‖ values 

by about 5). 

It is important to point out 

that, with the possibility for any 

citizen to become an electricity 

producer with a photovoltaic 

system, the reference cost per 

kWh automatically becomes the 

cost that that citizen finds in his 

bill and not the pure cost of 

production from fossil sources, 

which is considerably lower. 

This is an important result due 

to the possibility offered by 

photovoltaics of decentralising 

energy production to the domestic level, introducing new (scattered) players in the field of 

price competition (contributing to the lowering of the price for the end user). The cost of a 

kWh produced by a photovoltaic plant varies today between 0.25 and 0.4 €. This cost is 

obtained considering how much energy every installed kWp produces (see previous 

paragraph), considering an  investment of about 6 € per Wp installed, the fact that the plant 

lasts 30 years and real interest, again over 30 years, of the initial investment. This cost is 

certainly high compared to that paid by an average private consumer to the distribution 

company (about 0.15 €/kWh), not to mention the pure cost of the energy produced from fossil 

fuels, well below 0.1 €/kWh. 

At current conditions it is therefore unthinkable that the photovoltaic market could 

develop without major public incentives. The scenario that we can expect in the medium term 

is different, indeed completely different. 

 

a) Reasons for the high cost today for photovoltaic devices 

Over half of the 6 €/Wp for photovoltaic systems is due to the cost of the modules, the 

rest can be considered general installation costs. Public incentives serve to develop the 

market to reduce costs by a mechanism of increasing the volume of production and 

competition. It is easy to foresee that the installation cost could fall considerably with the 

development of a large national photovoltaics industry. In fact this is already happening: in 

large plants (over 100 Wp) the cost of installed power is now below 5 €/Wp. The cost of the 

modules however cannot fall much unless there is a major change in the dominant technology 

with which they are currently produced. Indeed most photovoltaic modules today are 

produced by the proven technology of monocrystalline or polycrystalline silicon (see Fig. 

8.8), a very close relative of the mature technology used to make electronic chips. The high 

Fig. 8.8: Percentage distribution of the market for different 
technologies for photovoltaic modules in 2007 (source: PV 
NEWS 2007). 
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temperatures used, the need to work in the complete absence of oxygen and the complex 

cutting and assembly operation of the silicon ―wafers‖, make this technology intrinsically 

complicated and expensive. In reality silicon modules are also produced by amorphous or 

ribbon ―thin film‖ technology. But while these latter techniques are still at the experimental 

stage, the former have now been on the market for decades and have generally proved to be 

low in efficiency and not very stable. Recently however amorphous silicon multijunction 

modules have come onto the market with efficiencies not much lower than those of 

polycrystalline silicon, and with costs only slightly over 2 €/kWp. Probably this is a 

technology destined to erode much of today‘s market share of mono- and polycrystalline 

silicon. 

Thin film technologies for manufacturing photovoltaic modules have the undoubted 

advantage of being suitable for large scale production, in which the panel represents the final 

state of line processes and not the assembly of smaller sized cells as in the case of modules 

based on crystalline or polycrystalline silicon wafers. This, together with the small quantities 

of active material needed, has made people believe since the ‘70s that this technology will 

dominate the future market for photovoltaics.  

Apart from the use of silicon, the thin film devices already on the market today are those 

based on cadmium telluride (CdTe) and on indium and copper diselenide (CIS-CIGS). What 

has delayed the start of industrial production of modules based on these thin films has been 

some problems this technology has suffered from, in particular the difficulty of reproducing 

results and the stability over time of the electrical characteristics. Today, as never before, we 

are witnessing considerable progress in this sector. CIGS and CdTe modules are proliferating 

at great speed despite their current low efficiency (8-10%). Moreover, if the technological 

transfer of recent laboratory results is successful, we will arrive at a tipping point for 

photovoltaic costs compared to the past, and thus to its expansion beyond the market drugged 

by state incentives. Indeed it has long been known in the literature that the state of the art in 

CdTe and CIGS thin film module production should lead to a production cost around 0.5 

€/Wp. 

 

b) Energy payback and environmental protection: comparison between models with 

silicon, CIS and CdTe 

Electricity production with photovoltaic devices produces absolutely no emission of 

pollutants of gases, such as CO2, responsible for the greenhouse effect. However it is also 

true that in order to manufacture the modules a quantity of energy is necessary that, at least 

initially, is provided by conventional, and therefore polluting, sources. Moreover during the 

production process compounds and elements are sometimes used that can carry some 

environmental risk.  

The factor for CO2 emissions 

into the atmosphere for a 

photovoltaic system is obtained 

by comparing the energy 

produced throughout the life of 

the photovoltaic panel with that 

necessary to construct the panel 

itself, assuming use, for its 

production, of only fossil energy 

sources (see Fig. 8.9). 

The electricity produced on 

average from fossil fuel implies a 

CO2 production with a factor of 

Fig. 8.9: Comparison between greenhouse gas emissions for 
the most advanced energy technologies (source: PV 
Technology, Year 1, n.2/2007). 
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atmospheric emissions of about 500 g of CO2 per kWh. With present manufacturing 

technology for photovoltaic modules, the CO2 emission factor for a photovoltaic system is 

20-30 g/kWh. This figure has been arrived at supposing an average life for the photovoltaic 

module of 30 years, efficiency of 10% and an average radiation of 1500 kWh/m
2
 per year 

(central Italy). This emission is all concentrated in the initial module manufacturing process, 

both as far as active and inactive materials are concerned. It is obvious that, once built, the 

photovoltaic module remains completely passive from the point of greenhouse gas emissions.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8.10: Energy Pay-Back Time in years. BOS 
= balance of systems, is all that is needed to 
activate the plant: cables, inverter, assembly 
clamps, etc. 

 

  
 

Fig. 8.11: Contribution to acid rain, in SO2 
gram equivalents per kWh produced. 

Fig. 8.12: Potential eco-toxicity per kWh 
produced. 

 

By comparison natural gas, even if it is considered a clean energy source, contributes 

heavily to CO2 production. At the current stage of research, photovoltaic panels have a level 

of greenhouse gas emissions similar to that of nuclear plants
51

. Bear in mind however that the 

emissions factor of photovoltaic systems is rapidly diminishing as the efficiency of their 

photovoltaic conversion improves, and with the spread of ―thin film‖ technology which 

greatly diminishes the energy necessary to make the module. Within five years it is likely that 

photovoltaic electricity production will become by a long way the least polluting as far as 

greenhouse effects are concerned. 

                                                 
51

 Renewable Energy World: Review Issue 2004-2005. James & James Ltd (http://www.renewable-energy-

world.com). 
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Various studies
52,53

 have been carried out in order to compare correctly the Energy Pay-

Back Time (EPBT) of silicon modules with that of modules based on thin film technologies. 

Despite the fact that the CdTe modules considered (Antec Solar) are not particularly efficient 

(only 7% photovoltaic conversion), from the results obtained it is evident that the 

environmental efficiency of silicon based technologies is clearly less than that based on thin 

film technologies (Fig. 8.10). The article by Raugei et al. analyses various parameters helpful 

to understanding environmental impact, comparing the figures obtained by different types of 

modules: with polycrystalline silicon, CIS and CdTe. The comparison of environmental 

impact clearly favours CdTe technology, according to all the parameters examined (see Fig. 

8.11 and 8.12). 
 

c) Considerations on the possible risks of the use of cadmium in photovoltaic 

modules with CdTe/CdS film 

It is important to discuss this point in depth since it is often stressed that thin film 

technology using CdTe and CdS, although one of the most promising and already available 

for the market, poses grave questions of an environmental nature. 

The main environmental and 

health risk, if we can talk of risk, 

connected to the use of the devices 

we are considering, is linked to the 

presence of cadmium. Currently 

photovoltaic modules based on 

cadmium telluride are already 

produced in industrial quantities in 

other countries (in particular USA 

and Germany)
54

.  

Examining the real danger of 

these modules, it is immediately 

obvious that the problem, if it 

exists, can only be of a 

psychological and/or political 

nature. We now quote the main facts and arguments, referring the reader, for an exhaustive 

treatment of this question, to the document Cadmium Facts and Handy Comparisons by Ken 

Zweibel of the National Renewable Energy Laboratory (NREL) and by Vasilis Fthenakis of 

the Brookhaven National Laboratory (http://www.nrel.gov/cdte/). 

a. CdTe cannot be likened to metallic cadmium, since it is a highly stable product, with a 

high melting point and insoluble in water
55

. The only event during which cadmium could 

be released into the environment would be a fire, but the temperature reached in fires in 

residential buildings in the United States, where there is a lot of flammable material 

                                                 
52

 Knapp, K.E.; Jester, T.L.; Mihaiik, G.B, ―Energy balances for photovoltaic modules: status and prospects‖, 

Photovoltaic Specialists Conference, 2000, Conference Record of the Twenty-Eighth IEEE 15-22 Sept. 2000 

pp.1450 – 1455 
53

 M. Raugei, S. Bargigli and S. Ulgiati, ―Energy and Life Cycle Assessment of Thin Film CdTe Photovoltaic 

Modules‖, 20th European Photovoltaic Solar Energy Conference, 6 –10 June 2005, Barcelona, Spain. 
54

 First Solar, in the United States, and Antec Solar in Germany produce CdTe based modules and, together with 

other emerging industrial developments (for example the German Q-cells), are designing or extending this 

production. 
55 Fthenakis V., Morris S., Moskowitz P., Morgan D. (1999), ―Toxicity of cadmium telluride, copper indium 

diselenide, and copper gallium diselenide‖,  Progress in Photovoltaics, 7, pp. 489-497. Bohland J., Smigielski 

K. (September 2000), ―First Solar's CdTe module manufacturing experience: environmental, health, and safety 

results‖, Proceedings of the 28th IEEE Photovoltaic Specialists Conference, Anchorage, AK. 

Fig. 8.13: Cadmium emissions in the life cycle of various 
energy sources, traditional, renewable and photovoltaic 
(source: PV Technology Year 1, n.2/2007). 

http://www.nrel.gov/cdte/
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(wood), reaches at most 900 °C on the roof and 1,000 °C in the basement, while the 

melting point of CdTe is 1,041°C and evaporation begins at 1,050 °C. The melting point 

of CdS is actually 1,750 °C. Moreover studies at the Brookhaven National Laboratory 

and at the GSF Institute of Chemical Ecology in Germany have indicated that at the 

temperatures typical of a fire the materials in the photovoltaic module would inevitably 

be encapsulated inside the melted glass. Finally, in a house fire, many other common 

materials would be a source of risk incomparably greater than any potential emission 

caused by CdTe based photovoltaic systems
56

. 

b. A CdTe based module contains very little cadmium, less than one per thousand in 

weight, and even less, per square metre, than an ordinary NiCd battery. Moreover, as 

said above, the cadmium in the module is in an absolutely stable form
57

. 

c. In a photovoltaic module cadmium is bound to tellurium and encapsulated, so 

photovoltaic technology provides an efficient solution for cadmium capture.  

d. Less than 3% of the cadmium used in the USA today would be enough for large scale 

production (several GW/year) CdTe based photovoltaic modules
58

. 

e. It is easy and advantageous to completely recycle the modules at the end of their 

lifespan, which is in any case 25-30 years. Moreover, given their characteristics, it is not 

easy for the consumer to dump the modules in the environment as instead often happens 

with batteries. Recycling the modules completely solves all problems of an 

environmental nature
59

. 

f. Cadmium is a by-product of the extraction of other metals such as zinc, lead and copper. 

Cadmium is therefore produced today in greatly excessive quantities and is therefore 

mainly put into dumps. Even if we suppose that mining dumps are controlled, the 

transformation of cadmium into stable cadmium telluride and the monitoring of the life 

cycle of the modules, with the possibility of recovery through recycling, certainly make 

the release of cadmium into the environment less probable, as well as providing an 

environmentally advantageous use of cadmium itself (just think of the reduction of 

greenhouse emissions connected to photovoltaic generation).  

In conclusion, it is obvious that, paradoxically, the use of CdTe modules would actually 

reduce the quantity of cadmium released into the environment. This is even clearer if you also 

                                                 
56 Drysdale D. (1985), ―An Introduction to Fire Dynamics‖, pp. 329-330, Wiley, NY. Moskowitz P., Fthenakis 
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consider the fact that in Europe 41.3% of human exposure to cadmium derives from the use 

of fertilisers, 22% from fossil fuels, over 16% from iron and steel production and so forth 

down to 2.5% due to the direct use of cadmium for example in batteries. Large scale use of 

photovoltaic panels would lead to a reduction in the second item in order of importance on 

the list, due to fossil fuels. So not only do CdTe photovoltaic modules present an extremely 

small risk of cadmium leaks into the environment but, on the contrary, in the end a massive 

introduction of them would lead to a reduction in the pollution caused by this metal. 
 

8.5 MATURE TECHNOLOGIES FOR THE MARKET  

Research in photovoltaics today covers a rather broad spectrum, including important 

results in the field of nanotechnology (development of conducting nanotubes), in the field of 

artificial photosynthesis, of cells with dyes, polymers and minerals, etc.. In Italy there are 

research groups and important results at an international level in almost all these fields, but if 

we wish to examine which of these technologies and research results are really mature 

enough to be ready to make the leap to industrial production, we must limit ourselves to 

considering the more traditional ones, with scientific and technological bases developed over 

decades: devices based on classic semiconductors such as silicon and the III-V or II-VI 

compounds of the periodic table. Let us consider here the development of photovoltaic cells 

and devices based on materials and technologies alternative to standard mono- and 

polycrystalline silicon, which today dominate the market, but for which, as we have already 

said, we cannot see great possibilities of reducing production costs. 

In Italy ENEA and CESI-Ricerca are the main bodies operating in the ―traditional‖ 

photovoltaic sector. ENEA has a long and consolidated experience in the development of 

photovoltaic devices, above all based on amorphous silicon. Indeed it decided several years 

ago to concentrate its research activity on amorphous silicon technology. Unfortunately 

amorphous silicon has not maintained its initial promise over the years, above all as far as 

efficiency and stability over time is concerned. Today amorphous silicon is going through a 

second youth, thanks to the development of double and triple junction devices, which 

maximise the absorption of much of the spectrum of sunlight, have good stability over time 

and, even in industrial production, reach efficiencies close to 10%. As already pointed out, 

amorphous silicon, thanks to production costs currently about half those of mono- and 

polycrystalline silicon, will probably become one of the main actors in the coming 

photovoltaic market. 

As well as the big research centres, as often happens in scientific and technological 

research (above all in Italy), small research groups, in universities and in the CNR, have 

achieved results of a level at least equal to those of the big centres considered above. 

Now let us examine in detail concentration and thin film photovoltaic technologies, two 

sectors in which Italy is really in the vanguard at a world level and ready for production on an 

industrial scale. 

 

8.5.1 Concentration photovoltaics 

The advantage of using solar concentration, by means of lenses or mirrors, is that greater 

efficiency from the photovoltaic device is obtained, which can (in theory) reach up to 50%, 

and less active material is used, limited to a small quantity in the focus of the concentrator, 

and thus the overall cost per kWp is lower. 

Concentration systems, apart from extremely rare exceptions, must be mounted on solar 

trackers (that is to say mechanical devices that can always orient them favourably with 

respect to the sun‘s rays), since their performance depends almost exclusively on direct 

radiation. For the same reason they must be used in areas where direct radiation is high (little 

mist and fog). This technology is particularly suitable for the development of large renewable 
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energy production plants (that is to say of a minimum size of around 5 MW) since 95% of the 

structure and 99% of the materials used are suitable for the subsequent implementation of the 

photovoltaic cell used: in other words it would be possible to substitute only the photovoltaic 

conversion element at the moment when more efficient cells at comparable costs became 

available. 

In Italy the study of this technological line of research has been carried out over the years 

mainly by the Department of Physics of the University of Ferrara, by the ENEA centre at 

Portici and by CESI at Milan. Today there is a company, CPower s.r.l., with staff dedicated to 

the development and industrialisation of these systems: this firm is a university spin-off of the 

Department of Physics of the University of Ferrara mentioned above with contributions from 

private firms and to which ENEA also belongs. 

At a world level there are various firms in the United States, in Japan, Germany and 

Spain: so far none of the firms involved in industrialisation has arrived at a repeatable large 

scale application with costs comparable to those of standard technology, even though they 

aim for concentration to reach grid parity that is to say competitiveness of cost per kWh with 

that of the traditional energy basket. 

There are numerous estimates of the cost of these systems with projections of production 

volumes which vary considerably. In any case it is interesting to notice how, while today the 

cost of the photovoltaic cells is on average about 2.1 €/Wp compared to a cost for the module 

of 3.3 €/Wp (equal therefore to about 75%), in 25 Sol concentrating systems the cost of the 

cells is 0.2 €/Wp against a module cost (including the biaxial tracking system) of 1.7 €/Wp 

(equal to 12%). Moreover, considering for example a concentration factor of 50 Sols, 50 

MWp can be produced with only 1 MWp equivalent of valuable raw materials. So far the use 

of cells other than silicon cells is only economically competitive with concentrations of over 

400 Sols, which implies considerable problems of a technological nature especially as far as 

optics is concerned. 

The Italian way, unlike what has already been done by the other international groups, 

aims to reach competitive cost levels starting initially from low-to-medium concentrations 

(25 Sols) to then rise gradually: this approach seems to be successful in the light of the 

reaction obtained during the recent European conference in Milan (September 2007) by the 

first prototypes built. The minimum production volume for this type of system is about 25 

MWp: with production of this order of magnitude costs below 2 €/W for the complete system 

of modules and tracker can be expected. 

Many studies indicate costs lower than 1 €/Wp for production volumes around 200 MWp: 

it must be said that these estimates do not take into account the fact that many components 

used are made of common materials (plastics, metals, etc.) rarely used in photovoltaics and 

therefore the operators‘ forecasts suffer from a lack of knowledge of the supply costs of these 

materials. Indeed there are still no precedents for major production exploiting this 

technology, although it is actually in Italy that a plant is expected to come on line soon, 

amongst the very first in the world, for the production of these modules on an industrial scale. 

At a national level this technological line or research should be supported since, in the 

framework of a common European energy policy, southern Italy is an ideal site for the 

installation of concentrating systems, with positive effects also on employment in the whole 

chain of production. It should be noted that it would be strategic to set up this production in 

our country since other possible candidates are Spain, Greece and the countries on the south 

shore of the Mediterranean. To this aim art. 15 of the so-called ―energy account‖ that 

provided for 100 MWp to be channelled to advanced research applications could be put to 

use: it would be desirable for at least 30 MWp to be devoted to concentration. So far however 

no funding has been assigned to this item. 
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Industrial initiatives for the development of this technology, which for many components 

can be developed in parallel with traditional crystalline silicon module technology, should 

also be encouraged. 

It is probable that by 2010 the concentrating systems will be commercially available on a 

first industrial scale: it is therefore urgent to define a support programme before this sector 

too sees foreign actors become predominant as has already happened for traditional 

photovoltaic power. 

 

8.5.2 CdTe thin film in Italy 

Finally, but it should really be considered the most concrete new step for now, at the 

―Thin Film‖ laboratory of the Department of Physics of the University of Parma decisive 

results have been achieved for the passage to industrial production of modules with thin films 

of cadmium telluride (CdTe). The birth of this laboratory can be dated to around the ‘70s, 

when the then pioneering research began, aiming to produce photovoltaic devices (solar cells) 

based on materials alternative to silicon (CdTe and CuInSe2). This group recently achieved in 

the laboratory, i.e. on a small scale, results that on the one hand simplify the production 

process of the CdTe photovoltaic cell and on the other guarantee its high efficiency (over 

15%) and reproducibility. These results have been protected by various international patents 

and a company has been set up with the aim of technological transfer to the industrial 

production line. Thanks too to major financing by the Ministry of the Environment, obtained 

via a competition held by the Lombardy region, the company has started the construction of a 

production line for CdTe thin film modules that should be ready by early 2009, with a 

production capacity of 18 MWp/year. This plant should introduce numerous improvements 

and simplifications in the manufacturing process which should lead to a reduction in 

production costs and, above all, modules with efficiency around 12%. 

It is therefore likely that the development of the production process of CdTe (and CIGS) 

thin film modules will allow the production cost of photovoltaic modules to be reduced 

within 5-10 years to close to 0.5 €/Wp, and Italy seems destined to play a major role in this 

development. With such a low production cost, the cost of a photovoltaic kWh would become 

a function almost only of the installation cost. 

 

8.5.3 Forecasts for growth by 2020 

Overall the energy that could be potentially produced by photovoltaic plants by 2020 is 

estimated at about 20 TWh/year of which 12.5 would be from land installations and 7.5 from 

roof installations
60

. But the potential that can really be reached will be limited by the problem 

of supply of photovoltaic material, of the operators‘ ability to set up plants and by the 

economic sustainability of the sector, still tied to incentives. 

It is therefore more realistic to estimate the trend in national installations by linking it to 

the trend in installations worldwide and to make hypotheses about the percentages of the 

national market. This was the route followed by Alex Sorokin from the data of the Energy 

Agency – Sarasin Bank.  

The estimates for installed power nationally are thus based on three hypotheses for 

growth, minimal, intermediate and maximum, corresponding to an Italian share of the world 

market equal, respectively, to 5%, 10% and 15%. The hypotheses are made considering that 

in 2007 an installed power of 70 MWp was reached and that the growth rates nationally will 

fall compared to the record of that year. In this reference framework Italy will already arrive 

at a 5% world market share in 2008 and the three hypotheses shown in Fig. 8.14 follow: 

                                                 
60

 From the report of the National Solar Energy Commission (CNES) ―Preliminary report on the current state of 

national solar photovoltaic energy‖, commission coordinated by the Ministry and by the IX-DSA Division of the 

Ministry of the Environment and the Safeguarding of the Territory and of the Sea. 
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 Italy keeps its 5% share up to 2020, arriving at an overall installed power of 7.4 GWp, 

corresponding to about 10.5 TWh/year of electricity production (3.3% of current 

electricity consumption); 

 Italy soon arrives at a 10% share of the world market, and keeps it until 2020, when total 

installed power will be 11 GWp, corresponding to about 16 TWh/year of electricity 

production (5% of current electricity consumption); 

 in 2015 Italy reaches a 15% share of the world market, and maintains it until 2020, when 

total installed power will be 16 GWp, corresponding to about 22 TWh/year of electricity 

production (7% of current electricity consumption); 

 

 
 

 
Fig. 8.14: Energy production from PV up to 2020 (source: CNES report on the current 
state of national photovoltaic energy). 

 

Considering the difficulties generally met with in the installation of photovoltaic plants in our 

country and also the considerable economic burden for the State if incentives remain the main 

market force in future, we believe that the worst forecast of those listed must be considered 

the most realistic. 
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9. Solar photothermal sources 
 

 

Summary 

With solar thermal energy we must distinguish between low temperature energy, in which the thermal energy 

generated by incidental light is used directly, and medium-high (concentrated) energy in which the thermal 

energy is converted into electricity by turbines, as in a conventional thermoelectric power plant. 

In 2006, in the context of low temperature solar power, used mainly for the production of sanitary water and 

underfloor heating, Italy came fifth in Europe in terms of volume sales and in 2007 there was a 55% growth in 

installations, up to 200 MWh for a surface area of 286,000 m
2
, thus passing the million mark for m

2
 installed 

overall, corresponding to about 700 GWh/year of thermal energy produced. The technology is long established 

but there are interesting margins for improvement, especially in cost reductions: there is work to be done on 

collector performance, plumbing and, above all, on the reduction of installation costs.  

Cooling buildings using solar energy is a promising area that requires research and development to become 

competitive and mature. 

Developments in the thermal solar market in Italy, influenced by European regulations, lead us to forecast 

two possible scenarios, with a total installed by 2020 of 12 GWh (17 million m
2
, the same level per head that 

Austria has today) or of 40 GWh (57 million m
2
 = 40 TWh/year; 1 m

2
 installed per capita), respectively. 

The technologies for concentrating solar power (CSP) use the direct radiation from the Sun and as such are 

destined to be installed above all in the sunniest regions. After a lull, CSP is now developing fast in several 

countries, particularly in Spain, the USA and China. The current cost per kWh is about double that from fossil 

fuels, but the Global Environment Facility forecasts a reduction in cost to about 0.04 €/kWh by 2025, reaching 

parity with fossil fuels. Many other sources forecast lower costs, down to 0.025 €/kWh.  

In solar thermoelectric plants the most innovative aspects are linked to the systems for harvesting and raising 

the temperature of solar heat and the storage system for times when there is no sunshine. Moreover the use of 

molten salt, as in Italy‘s Archimede project, still requires some research and development for the components 

that are attacked by that salt. 

Currently the power of the CSP plants already planned in the world in the short term amounts to about 1,700 

MW. Of these 300 MW are considered very probably achievable. In the medium term the development 

programmes recently launched in the USA and China, which amount to several thousand MW, should be kept in 

mind. For Italy one could aim at reaching a maximum of 300 MW (0.5 TWh/year) installed by 2020. 

 

 

9.1 INTRODUCTION 

The easiest way to use solar energy is to convert it into thermal energy. You just have to 

expose a black container full of water to sunlight for a few hours to realise how easy it is to 

convert the electromagnetic energy of solar energy into thermal energy. As known from 

thermodynamics, any form of energy can be transformed into thermal energy, even totally.  

The types of technology that we consider here to make solar energy produce heat are: 

 Low temperature: low temperature technologies include systems that use a solar collector 

to heat a liquid or the air. The aim is to capture and transfer solar energy to produce hot 

water or to heat buildings. By "low temperature" we refer to fluids heated to below 100 °C 

(in rare occasions up to 120 °C). They are classic solar collectors usually installed on 

house roofs. 

 Medium/High temperature: medium/high temperature technologies concern systems with 

linear or point parabolic concentration. Recent technological developments seem to 

presage a relaunch of the applications of this technology, both for the generation of 

electricity and for the production of process heat for the chemical industry. Plants with 

pointed or disc parabolic collectors have been developed above all in Germany, the United 

States, Israel, Australia and Spain. In Italy, the most significant experience in high 

temperature solar thermal power was realised in the early ‗80s with the construction of the 

(then) largest solar power plant in the world at Adrano in the province of Catania.  
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9.2 SOLAR THERMAL POWER AT LOW TEMPERATURE  

In general, low temperature solar thermal power suffers from the fact that thermal energy 

cannot be used directly. It is therefore only used for sanitary water and for heating. Moreover 

it is not generally easy to store in order to tackle its intermittent supply, which varies with the 

intensity of the sunshine. So it happens that for plants, for example, connected to a low 

temperature heating circuit (floor heating), the solar collector produces a minimum quantity 

of energy in the winter when the heating really needs to be used. The most common 

application however is a solar thermal collector used to heat sanitary water.  

A square metre of solar collector can heat, to 45-60 °C, from 40 to 300 litres of water per 

day; the rate of efficiency varies on the basis of climate conditions and of the type of 

collector, and can be estimated in a range of between 30% and 75% (in Italy).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9.1: Trend in energy 
production of a 5 m

2
 

thermal vacuum tube 
panel system at the 
latitude of Pisa. 

 

In Fig. 9.1 we show the typical trend in energy production of a 5 m
2
 panel system, of a 

vacuum tube type, designed for the sanitary water consumption of a family of 4 people living 

in Pisa. The family‘s expected energy requirement is also indicated. The average efficiency 

of the system is just under 50%. 

 

a) Performance and calculation of dimensions 

The performance of thermal panels is therefore fairly high but, as shown in Fig. 9.1, the 

system must be sized so as to avoid useless expenditure on plants that produce excess energy 

which would then be thrown away. The best size depends on various parameters: annual hot 

water consumption, the seasonal distribution of this consumption, average annual and 

seasonal sunshine of the area where the thermal system is installed, the type of conventional 

plant installed for hot water production, etc.. Therefore specific calculation programs are used 

to size the plant appropriately. Indicatively, the solar thermal collector is sized so as to cover 

60%-70% of the thermal requirement for sanitary water. If instead it is intended to contribute 

to heating as well, possible above all with low temperature underfloor systems, then a well 

balanced size would provide a maximum coverage of 30% of the necessary energy.  

As an example, for a family of 4 people normally 4-6 m
2
 of panels are recommended and 

storage of 250-450 litres. In particular, the size of the storage is calculated bearing in mind 

that it must guarantee a minimum volume of at least 65 litres for every square metre of panel 

installed. 
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Fig. 9.2: Trend in the Italian market for solar 
thermal collectors, with forecast up to the end 
of 2007. 

In general it can be hypothesised that the production of sanitary water by a solar thermal 

system may lead to a saving of about 170-220 m
3
 of methane yearly per head, also including 

in this estimate savings from completely closing down the gas boiler in the period between 

April and October. 
 

Installation Area 

(Italy) 

Panel surface 

[m
2
/person] 

Minimum volume of tank  

[litres/person] 

North 1.00 - 1.20 75 

Centre 0.75 - 1.00 65 

South 0.55 - 0.80 60 

 

b) Costs 

The cost depends on the technology used and on the size of the plant, therefore on the 

demand for hot water, on the latitude or, more precisely, on the sunshine. At the time of 

purchase the installation cost, which depends heavily on the limits fixed by the roof, by the 

type of boiler, by how the sanitary hot water plant is constructed, must be carefully assessed. 

For example a forced circulation kit sized to cover on average 70% of the sanitary water 

requirement for a family of 4 people is available on the market at 3,500-4,500 € (4-6 m
2
 of 

panels). One should budget at least 1,000-1,500 € for the installation and integration with the 

boiler. Natural circulation kits cost a little less, and are easier to install, but they have lower 

performance levels and outside storage: apart from the rather dubious aesthetic result, the 

storage tank is in the cold at night and in the winter; for this reason they should mainly be 

used in the south. 

The 10% VAT rate, the 55% income tax deduction over three years for expenditure on an 

intervention to an existing building and various regional incentives, consisting usually of 

capital cost funding to partially cover the cost of the investment, should all be borne in mind. 

With the help of freely accessible programs found on the Internet (for example on the ENEL 

site) we find that with no contributions or tax breaks it would take 15-18 years before the 

―cash flow‖ would become positive. With the income tax deductions mentioned previously in 

8-9 years break even is reached.  

 

c) The Italian situation 

According to ESTIF (European Solar Thermal Association) data, the solar thermal panels 

installed in Italy at the end of 2006 

corresponded to a total surface of 855,230 m
2
, 

a figure that puts Italy in fourth place after, in 

order, Germany, Greece and Austria. Solar 

thermal distribution in Italy is curious, indeed, 

according to Legambiente‘s report ―Renew-

able Local Authorities 2007‖, it emerges 

surprisingly that it is the smallest local 

authorities (those with less than 5,000 

inhabitants) that have the best results. 18 of 

them have actually surpassed the European 

target set for 2010: 264 m
2
 installed per 1,000 

inhabitants. Amongst the most ―virtuous‖ local 

authorities in this sector, Lombardy stands out 

with 21 authorities, concentrated mainly in the 

Province of Milan, which have introduced into 

their planning regulations the requirement to 

install thermal panels in buildings being renov-
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ated. Rome is another important example. Here a procedure has been devised in stages to 

cover the energy requirements of new buildings, both public and private. 

For 2007 the target was fixed at 15% of coverage of energy demand with energy saving 

measures and another 15% through the use of renewable sources. The aim is to arrive at 30% 

by 2008. Also in Rome, as in many Spanish towns and (a few) other Italian ones, the rule 

applies of guaranteeing at least 50% of primary hot sanitary water requirements by using 

solar thermal power. The problem, as can be read in the Legambiente report, is the lack of 

instruments to calculate the quantity of energy really covered by renewable sources. In 

general, despite the positive signals from the market and the introduction of new legislative 

instruments to favour solar thermal power, our country is still rather lagging behind compared 

to other European states. The Regions, for their part, are struggling to provide efficient 

territorial programming. The situation should change however in the immediate future, if not 

actually be overturned. The industry assures us that we are on the verge of a real boom. 

Already in 2006, according to data collected by Solarxpo‘s Study Centre, the Italian solar 

thermal market reached the considerable level of 130 MWth (thermal Megawatt) installed, 

equal to 186,000 m
2
. An important figure, comparable to the performances of France and 

Spain, two of the markets with greatest growth at this time.  

 

  
Fig. 9.3: Trends in the EU market plus 

Switzerland for solar thermal collectors, 

with forecast up to the end of 2007 

(source: FV FotoVoltaici 4/2007, p. 84). 

 

Fig. 9.4: Solar thermal market shares in 

Europe in 2006 (source: FV FotoVoltaici 

4/2007, p. 85). 

 

It is also a pleasant surprise compared to the figures reached in 2005: 50 MWth
61

 

installed, equal to 72,000 m
2
. Per volume of sales in 2006, Italy lies in fifth place in Europe. 

But if we consider the surface of collectors installed per inhabitant, we can see that we are 

still far from the European objectives, even if the year 2007, according to current estimates, 

would seem to be a turning point. Indeed the growth in installations in 2007 would seem to 

have reached almost 55%, or 200 MWh per 286,000 m
2
 of surface area, thus passing a 

million m
2
 installed overall.  

In 2006 flat-plate collectors were the most sold (84% of the total), followed by vacuum 

tube models (14%) and by unglazed collectors (2%). As for the various types of plant, forced 

                                                 
61

 Il kWth (=kW thermal ) is the unit of measurement of the power of a solar collector. 1 kWth ≈ 0.39 kWh of 

electricity. 
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circulation plants cover about 2/3 of the total surface area sold, while natural circulation 

panels account for 1/3. 

Unfortunately, as for photovoltaic systems, Italy is heavily dependent on abroad: only 

23% of installed plants are home produced; the remaining 77% of demand was covered by 

imports, including imports from non-European countries. In this context, it is surprising 

however that Italy‘s producers, mainly small to medium firms, manage to export 16% of their 

production. From research it also emerges that for once there is not a North-South divide: the 

solar thermal industry is distributed uniformly throughout the country and is present in 12 

regions. In northern Italy distribution is dominant, in the Centre and South manufacturing. 

But the figure that gives most hope is the turnover achieved: 78 million €, which should 

almost double in 2007. A figure in line with European growth trends. 

 

d) The situation in Europe  

According to ESTIF, in the 27 state EU plus Switzerland, new installations have grown 

by 47% in 2006, equal to 2,100 MWth and 3 million m
2
 of surface area. Germany alone 

contributes more than half this market (+58% in 2006). In figures per head the first place 

goes to Austria, with 25 kWth per 1,000 inhabitants. Only Cyprus has done better with 57 

kWth/(1,000 inhabitants). The average European figure, 4 kWth/(1,000 inhabitants), is still 

far short of the target laid down by the EU. There are also good performances from France, 

Greece and Spain which, with Italy and Cyprus, share 30% of the European market. Finally, 

amongst the emerging nations we point out Poland (which in 2006 brought its installed power 

to 29 MWth with an increment of 49%) and Slovenia (+44%). But the solar thermal market in 

the 27 state European Union plus Switzerland should still grow: the experts talk of plus 17% 

for this year. 

 

e) Technologies and developments 

Solar thermal energy is a mature technology because it is based on a rather simple 

working principle with several years of 

experience in the laboratory and in the field, 

but at the same time it has considerable margins 

for improvement. Looking at the technology of 

the solar collectors available on the market 

today, there are at least three commercially 

consolidated types with well tested 

performances:  

 unglazed (only for summer use, generally 

swimming pools or bathing establishments, 

very economical); 

 glazed flat-plate (very common, medium 

costs, versatile); 

 vacuum tube (highly efficient, more 

expensive, but more usable throughout the 

year). 

Moreover, collectors that operate with good 

efficiency levels in higher energy fields, above 

all for industrial use, are available on the market or under development. From the point of 

view of applications too, solar thermal energy today has moved well beyond its most 

traditional use, the production of hot sanitary water for domestic use.  

Increased design know-how and the availability of solar collectors on sale and suitable 

thermohydraulic components, indeed, allow medium and large sized plants with very high 

Fig. 9.5: Trend in the solar thermal collector 
market per head (source: FV FotoVoltaici 
4/2007, p. 89). 
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levels of working reliability to be built. Today there are therefore multiple possible uses: 

combined plants producing hot water both for sanitary uses and for heating buildings, hot 

sanitary water for collective use (apartment blocks, hotels, hospitals, nursing homes, prisons, 

swimming pools, etc.), industrial uses (cheese makers or other food factories, drinks 

industries, the textile sector, etc.), heating swimming pools, cooling rooms, as well as heating 

whole districts with very large sized plants, even thousands of square metres equipped with 

seasonal heat storage. With regard to industrial use, we point out that in Italy there are 

between 10 and 20 plants at least that are operating successfully.  

When we talk of solar research it is assumed that we are referring to the photovoltaic 

sector, as if thermal solar power were too simple a technology to leave room for innovation. 

The situation is actually different: recently a European Technology Platform was actually set 

up for Solar Thermal Power which published a programme document in which the potential 

lines of development for research and development in this sector were indicated up to 2030. 

This document highlights the great potential for innovation both of products (solar collectors, 

storage, pumps and other components), and for design solutions that permit new applications 

for thermal plants, such as desalination or water treatment in general.  

A higher level of aesthetic design and architectural integration, more efficient 

performance, greater duration over time without requiring maintenance, high capacity heat 

tanks to be used also for seasonal storage, new materials and production processes, 

breakdown prevention systems, are just some of the fields where in depth research is under 

way. 

 

9.3 SOLAR THERMAL POWER AT MEDIUM TO HIGH TEMPERATURES 

Solar thermal energy at medium and high temperatures (or solar thermodynamic power) 

represents the most interesting opportunity for the production of electricity, especially in 

those regions with plentiful direct sunshine. With the new plants the production of 

―thermosolar‖ electricity already has costs that are almost competitive with those from fossil 

and nuclear fuels. 

The electricity is produced by a turbine, activated by steam, analogous to what happens in 

power plants where the heat is produced using traditional fuels. Here it is solar radiation that 

is converted into thermal energy to produce the steam at high temperature and pressure. 

These thermal conditions can be reached only by extremely high concentration (about a 

factor of one thousand) of the incident solar radiation.  

In reality thermodynamic solar power includes a range of technologies, divided in their 

turn into two large families (in fact there is a third type which uses the Stirling engine as 

prime engine but it can only be used for small scale energy production): 

1. tower systems, in which solar radiation is concentrated onto a special boiler, placed at 

the top of a tower, by a system of mirror, placed around the base; 

2. systems with linear collectors, parabolic or flat of the ―Fresnel lens‖ type, in which 

the tubes containing the thermovector fluid run along the focus of a large number of 

concentrator mirrors/lenses placed in series.  

Plants with power between 10 and 100 MW belong to the first category, and in practice 

we can quote as significant the 10 MW Solar Tower One demonstration plant, operating in 

California between 1982 and 1988; the recent Solar Two 100 MW plant, at Dagget, in 

southern California, where the thermovector fluid is made up of molten salts; the PS10 11 

MW plant, close to Seville (SP), which in 2008 will be joined by a twin plant, arriving at a 

power of about 20 MW (PS20). 

Most plants belong to the second category: in the Mojave desert in California 9 plants are 

in use, built starting in the early ‗80s, for a total of 354 MW. In June 2007 in the Nevada 

desert Solar One, a large 64 MW plant, was connected to the electricity grid. Other plants 
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with linear parabolic concentrators are under construction or study in over ten countries, 

including the United States, Spain, Israel, Mexico, Morocco, India.  

In Italy the Archimede project is under development. Spain and the United States in 

particular have already planned, or are building, several solar plants of this type. In the USA, 

in November 2007 PG&C, one of the largest American electricity companies, announced the 

construction in California of an innovative solar concentration 177 MW plant with fields of 

Fresnel type linear mirrors and an innovative heat storage system in underground caves. 

In solar thermoelectric plants, therefore, the most innovative aspects are linked to the 

systems for collection and raising the temperature of the solar heat and to the system of 

storing that heat when the sun is not there. It should be stressed again that concentration 

technologies use direct radiation from the Sun and are therefore designed to be installed 

above all in the sunniest regions. Photovoltaic technology works instead even with only 

diffused solar radiation, even in the presence of clouds.  

Apart from the two types indicated above, thermosolar plants are also distinguished by 

the type of thermovector fluid they use. Most plants use special oils, which allow maximum 

temperatures around 300 °C to be reached. Solar Two and Archimede in Italy use molten 

inorganic salts, which allow temperatures close to six hundred degrees to be achieved. Finally 

there is the innovative PG&C plant in California mentioned above, which does not use a 

thermovector fluid and a heat exchanger but uses water directly at high pressure and 

temperature. In practice the steam produced has the same characteristics of the steam in the 

Spanish PS10 (diathermal oil) plant but with a gain in efficiency, and the simplification that a 

heat exchange stage with a thermovector fluid is not required. 

Finally it is worth mentioning the TREC (Trans-Mediterranean Renewable Energy 

Cooperation) report ordered by the German Ministry of the Environment. It deals with the 

potential of technologies to exploit renewable sources in the European region and in the 

Mediterranean basin. From satellite observations it appears that using less than 0.3% of the 

desert area of the Middle Eastern and North African region could generate enough electricity 

to satisfy the region itself and every 

European nation. TREC, set up in 2003 by 

an agreement between the Club di Roma, the 

Foundation for Climate Protection of 

Hamburg and Jordan‘s National Centre for 

Energy Research, is carrying out awareness 

campaigns to encourage the use in desert 

areas of technologies capable of providing 

energy and water, of reducing the risks 

linked to dependence on exhaustible 

resources, of limiting the environmental 

impact and mitigating climate change. 

 

 

9.4 MAIN PROBLEMS IN GENERATING ENERGY WITH HIGH TEMPERATURE SOLAR 

PLANTS 

As can be seen in Fig. 9.6, the cost of energy produced by thermosolar plants is rather 

low. Over time the cost tended to drop clearly until the ‘90s and then settled around 0.15 

€/kWh. For fifteen years no new plants have been built but progress and the improvement in 

the construction of components, which has led to a reduction in manufacturing costs, greater 

reliability and a general increase in efficiency, the study of effective systems for storage of 

the thermal energy produced and the increase in scale of plants, has considerably lowered the 

cost per kWh forecast for new plants. For this reason and also because of the important 

Fig. 9.6: Trend in Cost per kWh produced by 
thermosolar plants. 
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campaign of incentives put into effect in many countries, thermodynamic solar power is 

enjoying a second youth and many plants are being built today. 

 

9.5 TWO PROMISING TYPES WITH OPPOSITE CHARACTERISTICS 

It is certainly difficult, in this period of great experimentation, to imagine which system 

will have most success, that is to say which will allow energy to be produced at the lowest 

cost and in the most continuous and reliable way. However two types of plant have appeared 

on the scene which, although they have characteristics that we can define as almost opposite, 

represent important and very promising innovations for high temperature solar power plants. 

They are Italy‘s Archimede Project using molten salts, and the project announced by PG&C 

in America, which uses ―Compact Linear Fresnel Reflectors‖ (CLFR) and does not use a 

thermovector fluid.  

The reason we define the characteristics of these two systems as opposite is obvious:  

 The Archimede project aims at the innovation of introducing molten salts at high 

temperature into a linear concentration system. This, as we shall see, brings some benefit 

in terms of general efficiency, but also considerable technological complications that are 

still not fully resolved. 

 The CLFR project gambles everything on simplicity, limiting even the moving parts (only 

the linear lenses move, not the tubes on the focus of the lenses) and using only water for 

storing and transporting the thermal energy (absence of a thermovector fluid). 

Both these projects have important development prospects and promise breakthrough 

results compared to conventional plants. But some aspects still remain an unknown quantity. 

 

9.5.1 The Archimede project 

The Archimede project is interesting because of the general efficiency that it is planned to 

achieve and because it has optimum characteristics for being combined with a conventional 

plant, as will be built at Priolo Gargalli in Sicily.  

The design of the planned plant is shown in Fig. 9.7.  

The gas power plant, already present at the site, is of the combined cycle type, extremely 

advanced in concept, with two 380 MW units. The solar power plant should have a nominal 

power of 4.7 electrical MW and use molten inorganic salts (60% NaNO3 - 40% KNO3), 

already widely used as fertilisers, which allow temperatures close to six hundred degrees to 

be reached. The project, which originated at ENEA, conceived and promoted by the Nobel 

prize winner Carlo Rubbia, is now an ENEA-ENEL collaboration. The overall surface of the 

area occupied by the collectors should be around 40,000 m
2
 with thermal energy storage of 

around 100 MWh, which should allow about 8 hours of autonomy without solar radiation. 

The project sets itself very ambitious targets in terms of efficiency (over 17% of electric 

conversion) and heat storage, made possible by the use of high temperature molten salts. 

These very characteristics pose quite a few technical problems however which still have to be 

partly solved. For this reason the complete development of the project is expected to take 

place over a rather long timescale, in which, according to current timing, the operational 

phase of the plant will not begin before 2010. 

Molten salt is an option adopted so far only by the Solar Two tower plant in California. 

Running this plant proved rather a problem precisely because of the use of these salts (Report 

―R&D 100‖ Awards Entry Form report by the Sandia Laboratories). There have been 

numerous interruptions in the working of the plant due to breakdowns caused by thermo-

mechanical stress (think of the abrupt variations in temperature of the tube when clouds pass 

over momentarily) and corrosion. Moreover these salts solidify at 221 °C so, when there is no 

or insufficient sunshine, they must be kept in their molten state inside the tubing by an 

auxiliary, electric coil heating system, which was a cause of various difficulties in the case of 
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Solar Two. According to a DOE report in 2002, the characteristics of these molten salts could 

make the operation of several components problematic, so the materials for the pumps, 

valves, valve containers and gaskets must be well identified, so that they are compatible with 

the salts. To this aim in the USA specific programmes have been launched in order to 

develop specific projects for some components. 

 

 
 

Fig. 9.7: Design of the ARCHIMEDE plant (source: ENEA). 

The combination of aims and connected problems, make the Archimede project a great 

technological challenge, with great opportunities but also some uncertainties. The timing of 

the project provides for operational start up in 2010, but still in an experimental phase. 

 

 

9.5.2 Compact Linear Fresnel Reflector (CLFR) plants 

The technology this type di plant is based on might mark a new important step in 

thermosolar electricity generation at competitive costs. With the announcement last 

November by PG&C (one of the largest electricity companies in the United States), of the 

construction of a CLFR 177 MW solar plant, for the first time in the history of solar power 

the construction of large solar power plants based on the principle of fields of Fresnel linear 

concentration mirrors is being talked about. There are two key, low cost technologies used for 

the plant that has been announced: the CLFR of course and the system of storing the thermal 

energy contained in the steam produced in an underground cave. This will allow the power 

plant to work continuously for up to 20 hours, therefore even after the sun has set. According 

to the company‘s claims the cost per kWh solar produced by these power plants would 

already be comparable with that from fossil fuels. The basis of these results is the simplicity 

and cheapness of the innovative technologies invented and developed by David Mills in 

Australia. These technologies are now subject to a series of improvements introduced by 

Ausra, a firm set up by Mills himself in 2006. In the plant invented by Mills there is no need 

for a second working fluid, to which heat is transferred by an exchanger, as happens in 

traditional electric power. The only working fluid is the water/steam, that reaches 

temperatures of almost 300 °C and a pressure of about 70 atmospheres, allowing the heat to 

be stored for when there is no sunshine. The elimination of the heat exchanger between the 

thermovector fluid and the steam permits fairly high overall efficiencies to be achieved. 
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The characteristics of simplicity and cheapness of the technologies proposed by Mills 

convinced two investors of the venture capital firm Kleiner Perkins Caufield & Byers (a firm 

which in its time invested in Google, Amazon.com, AOL) to finance the Ausra foundation 

with 40 million dollars, thus determining its rapid development in activity. The 177 MW 

plant announced by PG&G, which should come on line in 2010, would in fact be only the 

first of a series of plants for a total of 2,000 MW installed in the United States over the next 

five years, in particular in the sunbelt States in the west and south. Ausra‘s projects already 

envisage the construction of other plants outside the United States, including Europe. A 6.5 

MW plant with Ausra technology is, for example, already under construction in Portugal
62

. 

Ausra‘s technology would therefore seem to be ready to realise these large power plants. 

It is with pride that we can recall historical precedents in Italy: in the early ‘60s of the last 

century ―our‖ Giovanni Francia (Turin, 1911 – Genoa, 1980), mathematician, inventor, 

engineer, and a great solar pioneer, was the first to show that it was possible and economical 

to use linear and accurate Fresnel type solar concentration systems to produce high 

temperature and high pressure steam. The ―mirror fields‖ used by France in the Marseille and 

S. Ilario plants are called ―Fresnel‖ since they use the procedure invented by the physicist of 

that name of ―dividing‖ a spherical lens into a series of concentric ring shaped sections, 

called ―Fresnel‖ rings. 

It would certainly be desirable if in Italy, as well as developing the ambitious Archimede 

project, we were to try to collaborate too with this approach to thermodynamic solar power, 

which has important roots in our country‘s past. 

 

9.5.3 Market prospects 

It must be said that, after a period of inactivity, concentration plants are undergoing 

powerful growth in various countries, in particular in Spain, the USA and recently also in 

China. The current cost per kWh is about double that of fossil sources, but the forecasts of the 

GEF (Global Environment Facility) are of a cost reduction to about 0.04 €/kWh by 2025, 

therefore achieving parity with fossil fuels. Many other sources (e.g. ESTIA, Solarplaces, 

NREL) forecast lower costs, down to 0.025 €/kWh.  

For an estimate of the spread of solar thermal concentration power in Italy we can refer to 

the MED-CSP study, the Final Report of 2005: technically it would be possible to exploit a 

potential of about 88 TWh/year but (at the current state of development) about 5 TWh/year 

could be economically exploited. It is clear however that this technology will be used above 

all by countries with large desert areas, in projects that envisage cooperation between 

different countries, such as the Trans-Mediterranean Renewable Energy Cooperation 

(TREC), which links countries in Europe, the Middle East and North Africa (EUMENA). 

Currently the power of the CSP plants planned worldwide in the short term amounts to 

about 1,700 MWp. Of these 300 MWp are considered very likely to be built. Considering 

however the medium term development programmes launched recently in the USA and in 

China, it is probable that by 2015 10,000 MWp will be achieved, even if these programmes 

were only partially realised. 

                                                 
62

 Part of the text and information contained in this section are taken from ―FV FotoVoltaici‖ 1/2008, pp. 31-38 
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10. Wind power  
 

 

Summary 

Installing wind plants is only profitable in areas characterised by adequate winds, not withstanding the 

inconvenience of intermittent electricity supply when the winds die down. On the other hand, the system is 

relatively simple to install and the unit costs of the energy produced are usually competitive with those of energy 

from fossil fuels and are around 0.066-0.088 €/kWh in Germany, a country where wind power has achieved 

significant levels of use. 

At the present time it can be said that the main results of on-shore wind power are due to a major fall in costs 

and a simultaneous growth in the power per unit of the devices converting wind energy into electricity: the 

power per unit of medium and large wind generators for on-shore applications is between 100 and 1000 kW 

(medium size turbines) and over 1000 kW (large size turbines). 

In Italy annual production capacity is limited to 500-600 medium sized machines (850 kW) and there are 

some established companies, also at an international level, that provide assistance and equipment (towers, hubs, 

suppressors, transformers, machines, cables) to the most important installers. 

Current off-shore technology limits installations to sea beds no deeper than 40 m; today a plant is generally 

made up of a group of dozens of large machines, with a power rating per single wind generator of not less than 2 

MW. The current market for this application is till a niche one (global installed power is equal to about 800 

MW) because of the costs that are on average 50% higher than typical on shore installations. 

One barrier to the development of wind technology is due to the need to adapt the electricity transportation 

infrastructure to ensure that the system can absorb both production peaks and sudden lack of output. Another 

type of barrier concerns the problems of the social acceptability of the plants, which vary from one case to 

another and which require solutions at a local level. 

If the installation of new wind farms continues at the same rhythm as over the past few years then the best 

estimate for the contribution of on-shore wind power could be around 10 TWh by 2020. It could also be 

considered a good result if between now and 2020 off-shore farms were developed with an overall production 

capability of the order of 10 TWh, as for land based farms. 

 

 

10.1 INTRODUCTION 

The intensive exploitation of wind energy to produce electric power by means of wind 

turbines, or windmills, had a slow take off, which has however picked up speed over the last 

few years, when awareness of its cheapness emerged. Indeed the wind power connected to 

the electricity grid worldwide is already over 75,000 MW, corresponding to a production of 

over 150 TWh, with a European contribution of around 70%. In particular, the share of 

electricity from wind power has reached 20% in Denmark, while figures already higher than 

6% are recorded in Spain and in Germany. The achievement of these results can be ascribed 

to the high level of reliability of wind turbines and to the low costs of electricity generation 

that have been reduced by an order of magnitude over twenty-five years and are coming ever 

closer to being competitive with the cost from traditional sources. 

The energy flow (W/m
2
) that can be extracted from a wind current depends on the cube of 

the speed of the wind u (m/s) through the relationship: 

 
35.0 u , 

 

where  indicates the density of the air. So, from a wind blowing at a speed of 10 m/s (a light 

breeze) it is possible to obtain 610 W/m
2
, while a doubling of its speed to 20 m/s increases 

this flow to 4,880 W/m
2
. However all this specific power could only be extracted if the wind 

were to be completely stopped and the windmill itself were to extract the energy completely. 

The theoretical maximum that can be obtained envisages a 36% reduction of the wind‘s 

speed, corresponding to a maximum yield of 59%. In reality modern windmills are able to 
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function at between 50% and 70% of this figure. So, to sum up, the mechanical yield of a 

windmill is around 30-40%. To this must be added the yield of the electrical motors to 

convert the mechanical energy into electricity, which is about 90%. We therefore arrive at an 

overall yield of between 27% and 37%. To calculate the system‘s potential we must finally 

consider that on average the rotors have a diameter of 50 m (corresponding to a surface of 

about 1,960 m
2
). So a typical windmill, if it is subjected to a wind of 10 m/s, is able to put out 

about 4,156 MWh per year which, bearing in mind that the wind is intermittent, correspond to 

energy flow figures of the order of 0.2 kW/m
2
.These are figures that command respect, but 

since the surface involved is the surface of the rotors and not the surface of the territory on 

which the windmills are sited, the windmills must be set at least 10 diameters apart (about 

500 m) in the wind direction and at least 5 diameters in the transversal direction in order to 

avoid mutual interference. This leads to a conversion factor between the area of the blades 

and the area of the territory of about 1.6%. So, with reference to the land surface and to winds 

of the order of 10 m/s the energy flow really available lies roughly between 2.7 and 3.8 

W/m
2
. If the same wind plant were in an 

area with winds twice as strong, the 

figures in question, in virtue of the cubic 

factor of the speed, would be 8 times 

higher (21.7-30.4 W/m
2
). 

These facts clearly show that these 

installations are profitable only in areas 

characterised by adequate winds, always 

bearing in mind the inconvenience that the 

electricity supply is intermittent due to 

interruptions in the wind.  

On the other hand, the system is 

relatively simple to install and therefore 

the unit costs of the energy produced are 

usually competitive with the costs 

obtained with fossil fuels and are around 

0.05 €/kwh. In particular, these costs are 

currently around 0.066-0.088 €/kWh in 

Germany, the country in which wind 

power has established itself significantly.  

In Europe the use of wind energy has 

developed considerably in the past few years, not only in Germany, Spain and Denmark, 

according to the trends illustrated in Fig. 10.1. 

 
10.2 EVALUATION OF THE POTENTIAL FOR WIND POWER IN ITALY 

CESI, in collaboration with the Physics Department of the University of Genoa, has 

recently completed a Wind Atlas of Italy
63

 that covers the whole country, excluding only 

coastal waters. This Atlas traces, for the first time in sufficient detail, an overall picture of 

Italy‘s wind resources. The results are given in the Atlas in the form of a series of maps that 

describe the distribution countrywide of the estimated figures for average annual wind speed 

and of the corresponding figures for the possible specific production of a hypothetical typical 

wind turbine, superimposed on maps on a 1:750,000 scale. Italy‘s territory is thus divided 

into 27 tables. 

                                                 
63

 CESI / ENERIN / ENERIN /2002/ 012 Report - Prot A2/ 039249. Internet site for the products of System 

Research www.ricercadisistema.it/ 

Fig. 10.1: Wind energy usage in some European 
countries in the years 1995-2003 (source: Science 
2003). 

http://www.ricercadisistema.it/html/ita/doc/3/37/index.htm
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Three separate series of 27 tables are available for the average annual wind speed, each of 

which gives the figures for average annual speed at a height of 25, 50 and 70 metres from the 

ground. The data can be deduced from the colouration of the different areas on the basis of 

the colour scale (9 different shades) given at the foot of every table. In other words, having 

identified the point of interest on the map, the colour of the area in which it is found provides 

the range within which the wind‘s annual average speed is estimated to lie. Each series of 27 

tables is completed by a general summary map on a 1:6,000,000. In Fig. 10.2 we show, as an 

example, the summary map of the annual average wind speed at 25 metres from the ground. 

 

 
 

Fig. 10.2: Map of the average annual wind speed at 25 m above the ground (source: 

CESI / ENERIN / ENERIN /2002/ 012 Report). 

 

An evaluation of Italy‘s wind power potential was given by CESI in its report ―Detailed 

analysis of wind power technology and conclusive evaluations‖, drafted by C. A. Casale in 

2005 in the framework of the so called ―System Research‖, downstream from a wider 

research programme which had led on the one hand to the construction of the Wind Atlas of 

Italy mentioned above, and on the other to an in depth examination of critical aspects of the 

technical and economic feasibility of wind plants in non conventional sites, in particular in 

mountainous and off-shore areas. Here we shall now summarise some conclusions of this 

report. 

An assessment of the suitability of a site for a wind power generation plant requires the 

verification of the simultaneous existence of several conditions, such as: 

 adequate windiness, with sufficiently steady levels for wind direction and speed in the 

area in question; 
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 availability of land without irregularities and obstacles and of marginal use (extensive 

agriculture, pasture etc.) with an area adequate to accommodate a sufficient number of 

wind turbines and which is free of environmental restrictions; 

 absence of human habitation in the immediate vicinity of the site, at least within a few 

hundred metres; 

 existence of a system of approach roads connecting to the general road network; 

 presence of an electricity grid able to absorb the energy produced by the wind plant 

without requiring the construction of excessively long connection lines. 

With wind sites of significant power, which occupy areas of the order of one or more 

square kilometres, it is also necessary, after an initial accurate verification of the existence of 

adequate resources, to check the performance of these resources on the ground around the 

station using suitable mathematical models that take orography into account. Better still, the 

use of these models can be accompanied and/or validated by measurements taken, even for 

relatively short periods, by additional stations installed at the most representative points of 

the area of the site being examined. 

On the basis of the availability of the resources thus identified, it is possible to proceed 

with the siting of the various wind turbines on the ground so as to optimise their potential 

production and to minimise aerodynamic interference between one machine and another, 

bearing in mind any other limitations, in particular with regard to protecting the landscape. 

This premise shows that evaluating the wind resources that can really be exploited is far 

from being an easy task, and that it is unlikely that it can be completed only on the basis of 

general analyses. This is especially true for Italy, where most of the windy areas already used, 

or that might seem potentially suitable, are in hilly or mountainous areas and therefore with 

an orography which is often complex. 

From the Wind Atlas quoted above CESI has extrapolated, for each region, the extent of 

the areas of territory in which possible levels have been estimated of specific theoretical 

production above a minimum threshold of interest, which it has fixed at 1,750 MWh/MW at 

50 m from the ground (i.e. 1,750 hours/year equivalent of working at nominal power of a 50 

m high wind turbine). 

The picture that emerges from the atlas confirms that the windy areas of Italy are 

concentrated above all in the Centre-South and in the larger islands (Sardinia and Sicily). 

This overall conclusion does not mean however that in other parts of Italy, which appear less 

favoured, wind sites suitable for the installation of production plants cannot also be 

identified, in particular local situations,  especially if made up of a limited number of wind 

turbines. 

A subsequent selection exercise, based on technical criteria and, more specifically, on 

anemometrical criteria, has allowed the identification of the part of the areas that are really 

compatible with wind installations. Without going into the details of the method used, for 

which we refer the reader to the original document, this classification of the territory has 

allowed about 45,000 km
2
 (almost a sixth of the country) to be identified as potentially 

interesting for anemoelectric production. 

A density of power that could be installed has been associated with these surfaces, 

calculated region by region, bearing in mind the technical difficulties due to the nature and 

the orography of the sites (in particular, the slope and cover of the terrain), to the real 

availability of the land for wind power use and to a certain percentage of failures for reasons 

of various nature, licensing, political, commercial, etc. 

The application of all these factors has led to a progressive reduction in the areas really 

available, to arrive at an estimate of potential installation (at progressively growing costs) of 

about 10,000 MW, corresponding conservatively to about 15 TWh of production, sited 

mainly in the South and in the islands. 
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Three years later we believe that a re-evaluation of this potential would not lead to any 

substantial differences. The main results of the evolution of on shore wind power are mainly 

due to a sharp reduction in costs and to the simultaneous growth in the unit power of the 

devices converting wind energy into electricity: the unit power size of average and large wind 

turbines for on shore applications is now between 100 and 1,000 kW (medium sized turbines) 

and over 1,000 kW (large sized turbines). The average price of modern, large scale, on shore 

wind plants is about 1,000 $/kW. On the other hand some problems of social acceptance of 

this kind of energy have become more acute and this slows down its spread. Let us just 

mention the fact that the licensing process for a wind plant in Spain typically takes six 

months, while in Italy it can take over three years. Another barrier to the development of this 

technology is the need for intervention with regard to the electricity transport infrastructure to 

make the system capable of absorbing both the production peaks and sudden interruption of 

production. 

If the installation of new wind plants proceeds at the same rate as over the past few years, 

the contribution of land based wind power could in any case be about 10 TWh by 2020. 

 

10.3 PROSPECTS FOR OFF-SHORE WIND POWER 

The move from on shore wind power to off shore plants already began a few years ago in 

some countries in Northern Europe, encouraged by several factors: 

 progressive saturation of sites on land; 

 the development of higher power machines which reduces the percentage incidence of the 

greater costs of connecting to the grid, done with underwater cables; 

 better characteristics of wind resources, present off shore for a greater number of hours 

than on land. 

The increase in off shore installations was also made easier in Northern Europe by the 

widespread presence of shallow seabeds, which allow the towers to be anchored directly to 

the ground. Indeed current off shore technology limits installations to seabeds no deeper than 

40 m; today an installation generally consists of a group of tens of large machines, with the 

power of each single wind turbine not less than 2 MW. The current market for this 

application is still a niche market (installed power worldwide about 800 MW) because the 

costs are on average 50% higher than typical on shore installations. On average off shore 

installations are more expensive than on shore ones (between 35 and 100% more). 

Off shore installations can eliminate some of the reasons that limit the spread of wind 

power and, at the same time, reduce the problem of intermittent power supply because the 

wind is steadier. On the other hand, off shore plants require significant additional costs, for 

the turbines (which have to endure more difficult weather conditions), because of the 

difficulty and costs of the foundations and because of the greater expense of transmitting the 

electricity to land and linking up with the grid. 

In the Italian context we must not deceive ourselves that moving installations from land to 

sea will in itself guarantee acceptance by local authorities, as shown recently when the 

Region of Molise blocked the licensing application for a plant of about 160 MW to be built 

off shore from Termoli. 

For these reasons it could be considered a good result if between now and 2020 off shore 

parks could be built with an overall production potential of the order of 10 TWh, similar to 

the best estimate for land based installations. 
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11. Electrical energy  
 

 
Summary 

Italy‘s electrical system is characterized by an absence of nuclear production and by a minimal percentage of 

production from coal. Overall fossil fuels represent however the most important source. The percentage of 

renewable energy is higher than the European average, thanks mainly to the contribution of hydroelectric power. 

Finally, although it is not the only country to have a considerable percentage of imported energy, Italy is the 

country with the greatest imbalance all told. 

With a requirement estimated for 2020 at between 400 and 430 TWh, and in the presence of stringent limits 

on CO2 emissions, output from renewable sources should almost double, reaching between 90 and 100 TWh (96 

in our estimate). Incentive policies may prove decisive, in particular for the solar energy component, while in 

the various sectors of power from wind, biomass and refuse simplifying the authorisation process might make a 

considerable impact. Mini-hydroelectric investment should be encouraged, however in the water power sector 

the weather and climate factors will probably be dominant compared to controllable factors. 

The contribution of coal may rise to about 70 TWh, after the Civitavecchia and Porto Tolle power stations 

are completed, which would be desirable from the point of view of production costs, diversification and security 

of supply. Nuclear energy (currently consisting of the 45 TWh imported from abroad) might make a 

contribution of 60 TWh if it proves possible to boost the interconnection lines with the rest of Europe or, less 

likely, if it proves possible to build and launch at least one EPR reactor (or two AP1000 reactors) by 2019. The 

outstanding share of the country‘s energy requirement of between 180 and 210 TWh could be met by residual 

sources for about 20 TWh and by natural gas for the rest. 

A scenario like that outlined above would allow CO2 emissions from the electrical system to be kept at 2006 

levels, but not to reduce them, much less reduce them to below the 1990 levels, given that demand has already 

increased by about 40% compared to that year and by 2020 it will almost have doubled.  

In general the problem of reducing CO2 emissions from the electrical sector appears particularly critical in 

our country, starting from specific emission levels (CO2 emitted per energy unit produced) that are lower than in 

most European nations, moreover it is also less effective with regard to the global aim, given that this sector 

gives rise to little over 30% of total emissions, compared to percentages of around 40% or more for several 

countries, including Germany. 

 

 

11.1 INTRODUCTION 

Before we start discussing the consumption and production of electrical energy, it 

seems appropriate to put forward some general considerations on the role of so called ―energy 

vectors‖. For various reasons, only a small part of energy reaches the final users in the same 

form in which it is available at its source. In general primary sources undergo a series of 

transformations into energy vectors, which can then later be yielded to the end users.  

The processes of transforming a source into a vector imply an energy cost. In some cases 

the transformation loss is real, but in any case inevitable, since otherwise the desired effect 

could not be achieved: for example it would not be possible to power the engines of our cars 

directly with oil. In other cases the transformation loss is recovered by a greater efficiency of 

the process; for example, a heating system with heat pumps activated electrically can be more 

efficient than the direct use of combustion heat for heating. A detailed analysis of these 

aspects lies beyond the scope of this chapter, and would require an evaluation of the 

efficiency of every utilisation process, a problem that will be referred to in the chapter 

dealing with efficiency and energy saving.  

Electrical energy is certainly the most interesting energy vector, since it can be produced 

from any source, can easily be transported with limited losses and its use is characterised by 

limitless versatility. The share of energy used in the form of electrical energy is indicated by 

the so called electrical penetration index, which in Italy currently has a value of about 35%, 

growing slightly. 
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Below we shall illustrate a series of data on the current situation in Italy as far as 

electricity production and consumption is concerned. Some projections up to 2020 are also 

made and the electricity system‘s contribution to CO2 emissions is discussed. 

 

11.2 CONSUMPTION AND PRODUCTION OF ELECTRICAL ENERGY IN ITALY 

Figure 11.1 illustrates the increase in electricity consumption in Italy in the period from 

1963 (the year when the electricity 

companies were nationalised and 

when ENEL was born). Despite 

the rather long period being con-

sidered, the trend in consumption 

shows a very regular pattern of 

growth, with only two moments of 

slowdown, linked to the first oil 

crisis (in 1973) and to a period of 

economic crisis in the first half of 

the ‘80s. The total electrical 

energy consumed derives from the 

sum of the electrical energy really 

demanded on the grid, of the 

electrical energy required by the 

auxiliary services of the pro-

duction plants and of the electrical 

energy absorbed by the pumping 

plants. 

Figure 11.2 shows how electrical energy requirements are currently met. The figure lends 

itself to the following comments.  

1. First we note that hydroelectricity production, which in 1963 amounted to 2/3 of the total, 

has remained roughly constant over time, shrinking progressively in percentage 

importance. This is not linked to lack of investment, because if we look at installed 

power, instead of energy produced, we see that it has increased in the meantime. Instead it 

is linked to the progressive 

decrease in hydraulicity, that is 

to say the availability of water 

for hydroelectricity production, 

both for climate reasons and 

be-cause of changes introduced 

into legislation in this field.  

2. A characteristic of Italian 

production is the presence of a 

not inconsiderable share from 

geothermal electrical energy, 

which has roughly doubled in 

the period considered. 

3. The greatest contribution from 

Italy‘s nuclear thermoelectri-

city was in 1986, the year preceding the referendum, with 8,758 GWh (about 4.6% of 

gross production). In 1987, although the referendum was held in November, only 174 

GWh were produced, which indicates that 3 of the 4 power stations (and in particular 

Fig. 11.1: Trend in gross electricity demand (source: 
TERNA). 

Fig 11.2: Evolution over time of electricity production 

in Italy (source: TERNA). 



110 

 

Caorso) had in practice already been put out of use well before the date of the 

referendum.  

4. The increase in electrical energy demand is currently met essentially from thermoelectric 

sources. 

5. In 2006 the contribution of solar and wind energy is still below 1%. 

6. A relevant share of demand is met by imported electricity
64

 (12.5% of the gross total in 

2006)
65

. Since our analysis is by source, we shall just say here that the analysis of energy 

flows between the various European countries leads us to believe that much of this energy 

is produced by nuclear sources. Later the hypothesis will be put forward – simplified 

obviously – that all the imported energy is from nuclear sources. 

 

a) Detail of thermoelectrical production  

The previous analysis needs to be completed by a more detailed analysis of the main 

production component, that is to say the thermoelectrical component. Indeed it seems 

fundamental to divide this production between the different fuels or groups of fuels. To this 

aim we partly adopt the same subdivision used by TERNA, as follows: 

a. solid fuels (essentially coal); 

b. natural gas; 

c. oil products; by this we mean light distillates, combustible oil, diesel, oil coke, 

orimulsion, residual refinery gas and liquefied petroleum gas; 

d. derived gas; by this term is meant gas from oxygen steel mills, gas from blast furnaces 

and gas from coke plants. 

TERNA moreover uses a further category of fuels, called ―Other fuels‖, subdivided into 

solid fuels and gas, which include synthesis gas from gasification processes, residual gas 

from chemical processes, biomass and refuse, and other fuels not otherwise classified 

(residual fuels from manufacturing etc.). In our analysis biomass and refuse are considered 

separately, so we therefore have two further categories  

e. Other fuels, consisting of synthesis gas from gasification processes, residual gas from 

chemical processes and other fuels not otherwise classified; 

f. Biomass and refuse. 

Finally TERNA introduces a further category of thermoelectrical plants, which use ―other 

sources of energy‖, without specifying what the other sources are; presumably they are waste 

heat from industrial processes, available at various temperature levels, which is nevertheless 

desirable to use in terms of energy efficiency. In general they are marginal sources, for which 

the data will be given without further comment. 

Figure 11.3 shows how the role of the various fuels in thermoelectrical production has 

changed since the year 2000. Oil products, which in 1990 accounted for more than half the 

fuel used, were already overtaken in 2000 by natural gas and have now fallen to less than 

20% in terms of energy produced; coal, after a fall in the mid ‘90s linked in part to the 

closure of some plants for environmental modifications, has begun to rise again and currently 

represents about 15% of electricity produced (12.5% of demand). The role played by natural 

gas, which has more than tripled its use, following considerable investments in combined 

cycle plants built in the last few years, is fundamental. The considerable importance that gas 

is acquiring in this sector should be the subject of careful evaluation, above all from the point 

                                                 
64

 Hydraulic pumping production is that actually provided by TERNA from 2000 to 2006, while for earlier years 

it is estimated on the basis of absorbed production, assuming a coefficient of 0.73.  
65

 A more detailed analysis, considering flows from one country to another, lies outside the scope of this report; 

it would show that the imports concern basic electrical energy, remaining roughly constant throughout the day. 

The reasons for our dependence on other countries, which were structural in the past, are today essentially 

economic, since that in fact Italy‘s production potential is sufficient to cover the whole charge curve. 
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of view of security of supply, given the inherently ―regional‖ nature of the gas market, the 

number of supplying countries is limited, and excessive dependence on one of them could 

lead to forms of political dependence.  

The graph also shows a certain upward tendency for other fuels (typically by-products of 

refining processes and other industrial processes) and biomass and refuse. 

Another important point of thermoelectrical production concerns the percentage of 

electrical energy that is produced 

in cogeneration plants compared 

to that produced by plants that 

only produce electrical energy: 

from a figure around 30% in the 

years 2001-2003, it rose to 35%, 

37.5% and 38.9%, respectively, 

in the years 2004, 2005 and 

2006. This is a positive factor in 

the direction of energy efficiency 

that should be further encour-

aged, favouring the ever greater 

spread of cogeneration plants 

even on an ever decreasing scale 

of power. 

 

11.3 ITALIAN PRODUCTION PLANTS. INSTALLED POWER AND UTILISATION FACTORS 

Figure 11.4 represents the trend in the power of installed electricity generation in Italy. 

The general trend is upward, but less steady than for energy consumption. Two moments of 

stagnation are clearly visible. The first is fairly long and goes from the second half of the ‘80s 

to the early ‘90s. Indeed in this period there is even a drop in installed power, linked to the 

early closure of the nuclear plants, which occurred without substitution by alternative power. 

The second period is shorter, in the first years of this century, compensated for however by a 

rapid increase over the last three years.  

The power currently available is more than sufficient to meet demand peaks, currently 

just over 55,000 MW, both in 

winter and in summer. The 

TERNA forecasts indicate for the 

next decade peaks rising up to 

62-63 GW in 2010 and 70-74 

GW in 2016, to meet which 

available gross power of 76 and 

89 GW, respectively, will be 

required, i.e. about the figure 

already currently available. It 

must be considered however that 

this calculation includes many 

obsolete plants, some of which it 

had been planned to decommis-

sion, only for this to be post-

poned because of the small natural gas crisis in the winter of 2006. Indeed, at the time of this 

crisis, there was a considerable increase in power demand in Europe, so much so that for a 

brief period Italy became an electricity exporter. In any case the availability of power does 

not currently represent a critical factor, unlike what happened in the‘80s. This element is 

Fig 11.3: Share of thermoelectrical production by fuel 
(source: TERNA). 

Fig.11.4: Trend for the power of electrical generation in 

Italy (source: TERNA). 
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confirmed by examining Fig. 11.5 which represents the equivalent number of hours of 

functioning at full power of Italy‘s plants, grouped by type. 

The graph shows first of all the excellent performance of the geothermal electrical plants, 

which show the greatest utilisation factor. Nuclear plants have alternated periods of regular 

functioning with others characterised by low availability.  

The utilisation factor of 

thermal plants fluctuates con-

stantly around 4,000 hours/year; 

indeed this is an average estimate 

that would require a more in 

depth analysis, given the exist-

ence of plants with very different 

use factors. In any case it is 

certain that the use factor of 

thermal plants is limited essen-

tially by the economic factor, 

which leads to imported energy 

being preferred. 

As far as hydroelectric plants 

are concerned, the increase in 

installed power is balanced by a progressive reduction in use factor, linked as we have said to 

the decrease in hydraulicity, with the consequence already pointed out that the energy 

produced has remained more or less constant over a long time span. Currently a period of use 

of about 2,000 hours/year can be estimated for new installations. 

Finally the availability of wind plants has grown progressively from 1990 to 2000, 

arriving at around a functioning level equivalent to about 1,500 hours/year. This figure is 

comparable to similar evaluations for the countries of Northern Europe, and must be 

considered a satisfactory figure which it will be difficult to improve on in future installations 

that will occupy ever less profitable sites. 

 

11.4 ELECTRICAL ENERGY IMPORTS 

The high share of imported electrical energy represents one of the many anomalies of 

Italy‘s energy system and we believe that it deserves an examination in depth. Figure 11.6 

gives the energy production above or below the energy demanded on the grid, for a series of 

European countries. If Italy is not the only country to have a high percentage of imported 

energy, it is nevertheless without doubt the country with the greatest imbalance. Moreover, 

despite new power coming online over the last few years, this percentage shows no tendency 

to fall, which means that the cost differential compared to power produced in neighbouring 

countries remains high. The new power will replace old and obsolete plants, but does not help 

reduce the share of imports. 

After Italy, the countries with the greatest electrical energy deficit are the Netherlands and 

Finland. In 1998 Finland launched a long process of evaluation and comparison between 

various options in order to reduce the deficit, arriving at a decision in 2003, taken by a 

majority vote in parliament, to build the first EPR nuclear reactor, which is currently 

expected to come online in 2011 and which alone should meet 80% of current imports. 

Instead the Netherlands aim to use natural gas plants and renewable energy, although, on the 

figures available, it does not appear that the steps taken so far will cancel out their production 

deficit. 
 

Fig. 11.5: Equivalent hours of functioning at full power of 
Italy‘s electrical plants (source: TERNA). 
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11.6: Electrical energy trade 
balance in Europe (source: TERNA). 

 

11.5 COMPARISON OF THE EUROPEAN GENERATING INDUSTRY 

A comparison between electricity production in the largest European countries is given in 

Table 11.1, for 2005 (for a more immediate reading see Fig. 6 of the Foreword).  
 

Table 11.1 Energy production by some European countries in 2005 
(EU data, reconciled and integrated with TERNA data). 

 

Gross production 2005 [TWh] Italy Germany UK France Spain 

Hydroelectric (natural flows) 36.0 19.6 5.0 52.2 19.6 

Geothermal 5.3     

Wind 2.3 27.2 2.9 1.0 21.2 

Solar  1.3    

Biomass and refuse 6.0 16.6 9.6 5.1 3.1 

Other 0.2   0.1 0.1 

TOTAL RENEWABLES 49.8 64.7 17.5 58.3 44.0 

HYDROELECTRIC (pumped) 6.9 7.1 3.0 4.7 3.5 

Coal + lignite 43.6 269.6 134.9 27.6 79.1 

Oil 47.1 10.6 5.4 7.2 24.4 

Natural gas  155.1 76.6 154.9 26.0 80.5 

Other 1.2 28.6 3.1  5.1 

TOTAL THERMAL 247.0 385.4 298.3 60.8 189.1 

NUCLEAR (production) 0.0 163.1 81.6 451.5 57.5 

TOTAL PRODUCTION 303.7 620.3 400.5 575.4 294.1 

Net production 281.3 573.7 381.1 550.8 280.3 

Consumption 330.4 568.7 389.4 487.8 278.9 

Import(-)/export(+) balance -49.1 5.0 -8.3 63.0 1.4 

% from renewables 16.4% 10.4% 4.4% 10.1% 15.0% 

% from coal 14.4% 43.5% 33.7% 4.8% 26.9% 

% from nuclear 0.0% 26.3% 20.4% 78.5% 19.5% 

 

The table shows the great difference between Italy and the other countries as far as the 

type of fuel used is concerned. In particular Italy is characterised by its well known lack of 

nuclear production and for its minimum percentage of coal, which, given that they are cheap, 

are by a long way the most used sources worldwide for electricity production. In the lower 

part of the table some percentage figures are highlighted. Note also that, despite heavy 

investment in wind power in Germany and in Spain, of the major European countries Italy is 

still the country with the highest percentage of renewables.  
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11.6 PROJECTIONS OF CONSUMPTION AND PRODUCTION UP TO 2020 

Downstream from the summary of the current situation contained in the previous 

paragraphs, we come to a provisional evaluation of how we should and/or could meet the 

increases in energy consumption from now to 2020. For this we hypothesise three scenarios 

for growth in consumption: minimum (0.5% per year), medium (1.0% per year) and 

maximum (1.5% per year).  

We point out that the maximum rate hypothesised is around that which occurred in the 

years 2004 and 2005, while in 2006, it rose, reaching 2.1%. It is therefore fairly probable that 

over the next few years too the rate will be at least equal to the maximum figure 

hypothesised, if not higher. The average rate of 1% could be achieved with a policy of 

limiting consumption, although we must not forget that here we are referring to electrical 

energy and it could happen that a reduction in overall consumption of primary sources could 

be achieved by an increase in consumption of this vector. In any case we hypothesise that a 

policy of incentives for saving and efficiency in the electricity sector could in a few years 

reach the target of reducing growth in electrical energy consumption by 1%. 

Finally the minimum rate is just above the expected increase in population (currently it is 

expected that there will be typically 200,000 immigration permits per year, equal to about 

0.3% of the resident population) and is thus a figure for minimum growth, probably 

achievable only with an aggressive savings policy below which it does not seem reasonable 

to go, at least in the context of prudential energy planning. 

On the basis of what has been said above, and with reference to total gross consumption 

of electrical energy, i.e. given by the sum of the energy demand from the grid, of the energy 

absorbed by pumping and of the energy absorbed by auxiliary uses, we find that the 359 TWh 

of 2006 will become in 2020: 

 according to the minimum scenario (0.5%/year): 385 TWh, with an increase of 26 TWh; 

 according to the medium scenario (1.0%/year):  413 TWh, with an increase of 54 TWh; 

 according to the maximum scenario (1.5%/year):  442 TWh, with an increase of 83 TWh. 

Below we shall put forward some quantitative considerations relative to the medium 

scenario, only putting forward some qualitative considerations for the minimum and 

maximum scenarios. 

 

11.6.1 Production from renewables
66

 

a) Hydraulic energy. In accordance with what has already been discussed in Chapter 3, we 

hypothesise that hydraulic production from natural flows may reach between 40 and 45 

TWh (42,5TWh) in 2020, to which pumping must be added, which we estimate at 7 TWh. 

We repeat that the evolution of this source is heavily dependent on climate conditions and 

that therefore these figures could prove unattainable or be surpassed in the case of 

favourable hydraulic conditions. 

b) Wind energy. Wind energy production with on-shore plants reached nearly 3 TWh in 

2006. Apart from the lull in 2003, the increase over the last few years has been about 500 

GWh/year. If it were possible to overcome the hostility towards new plants, we could 

reasonably hypothesise a linear increase for this form of energy, which would lead to a 

production of 10 TWh in 2020. In the meantime offshore wind technology, which in Italy 

presents greater problems than in Northern European countries because of the depth of 

the seabed, could be consolidated. Although the margins for development of this 

technology are greater than for land based wind power, we believe that it is not 

                                                 
66

 The evaluations that follow are not very different from those formulated in September 2007 in the Italian 

Government‘s ―Position Paper‖. They are more prudent than those of the Government, summarized in Annexe  

given at the end of this book. 
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appropriate to be excessively optimistic, given that the technology has not yet been fully 

tested. In our estimate a production in 2020 equal to that of land based wind power is 

forecast, i.e. 10 TWh. 

c) Geothermal energy Geothermal electricity production in Italy has been stable at around 

5.3-5.5 TWh/year for many years. We do not believe that in this sector there can be a 

significant increase, given that the power level is fitted to the potential of the geothermal 

fields already developed, while any other (thermal) uses of geothermal energy do not fall 

within the scope of this paragraph. In any case we will assume a production of 7 TWh in 

2020. 

d) Energy from biomass and refuse. The production of electrical energy from biomass and 

refuse has grown steadily over the last few years, more so lately. In 2006 it was 6.7 TWh. 

It would be desirable for this tendency to be maintained and it could also contribute to 

solving some complicated waste disposal problems. Prudently we assume in this case too 

that the current growth rate will be maintained, indicatively linear and equal to 2 TWh 

every 3 years. Estimated production by 2020 is 16 TWh. 

e) Solar energy. With regard to solar energy, we must distinguish between photovoltaic 

energy and solar thermodynamic energy. Given that in both cases they are not 

economically competitive sources, the production potential that could be developed over 

the next few years depends substantially on the incentives they may enjoy, and therefore 

on the relative political and industrial choices. The incentives should be conceded 

gradually, to give the country‘s manufacturing system time to adapt and therefore to 

exploit it constructively, rather than simply financing foreign manufacturing industries 

(German and Japanese first of all). 

Compared to the various scenarios contained in the chapter on photovoltaics, we are 

adhering to the more prudent estimate of 7500 MW installed by 2020, able to provide 10 

TWh. This level of production anyway represents a considerable technical and economic 

challenge since in order to reach the target the power installed every year should be equal 

to 10 times that currently available in the country. 

In the thermodynamic solar sector 2-3 large plants sized around 50 MW could be 

built, preferably coupled to already existent fossil fuel plants, in order to reduce 

investment costs and to increase thermodynamic efficiency. In this way we can expect to 

arrive at a production of 0.5 TWh. 

In total the production potential of renewables amounts to 96 TWh equal to about 23% of 

total electric load estimated in the medium scenario (413 TWh). To these figures again we 

must add the 7 TWh estimated for pumped hydraulic power. 

 

11.6.2 Production from nuclear plants and/or imported nuclear power 

The current situation requires a not inconsiderable importation of electronuclear energy 

from France. For the purpose of our country rejoining the group of nuclear energy producers, 

as we hope will happen, clear policies will be required in order to start nuclear fission power 

up again in a significant way with advanced III generation reactors and a major commitment 

to research and development with a view to the next IV generation reactors. At the same time 

it will be necessary to increase the productive capacity of our links with France. If this were 

to happen, we could hypothesise an increased share for nuclear power from the current 45-50 

TWh up to 60 TWh. 

 

11.6.3 Thermoelectric production and general considerations  

Faced with an estimated requirement of 413 TWh according to the medium scenario, on 

the basis of the forecasts given above about 260 TWh must still be met, which can only be 
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done with fossil fuels, principally coal and gas, given a clear tendency to eliminate oil-fired 

plants. 

As for coal, the production forecast is fairly simple, since it can reasonably be estimated 

by adding to current gross production (about 44 TWh in 2006) the production from the plant 

that ENEL is building at Civitavecchia, and possibly the production that might come if the 

work of reconverting the plant at Porto Tolle were to start. In the first case (only the 

Civitavecchia plant, three 660 MWe sections), coal‘s share could rise to 58 TWh. If the three 

sections of equal power at Porto Tolle were also to become available the corresponding share 

could rise to 72 TWh. Further expansion in this sector is an unlikely hypothesis, both because 

of lack of projects, and because of the short time scale available. 
 

Table 11.2: Estimate of coverage of the electrical load in Italy in 2020 according to the 
“medium” scenario compared to 2006 (in this case with two scenarios: without and with 
the reconversion to coal of the power plant at Porto Tolle (P.T.)). 

 

 2006 2020 - Without 

P.T. reconversion  

2020 – With P.T. 

reconversion  

 TWh % TWh % TWh % 

Renewable production  52.2 14.5% 96 23.2% 96 23.2% 

Hydroelectric 37 10.3% 42.5 10.3% 42.5 10.3% 

Geothermal 5.5 1.5% 7 1.7% 7 1.7% 

On shore wind 3 0.8% 10 2.4% 10 2.4% 

Off shore wind   0.0% 10 2.4% 10 2.4% 

Photovoltaic   0.0% 10 2.4% 10 2.4% 

Thermodynamic solar   0.0% 0.5 0.1% 0.5 0.1% 

Biomass and refuse 6.7 1.9% 16 3.9% 16 3.9% 

Hydroelectric from pumping 6.4 1.8% 7 1.7% 7 1.7% 

Imported nuclear 45 12.5% 60 14.5% 60 14.5% 

Thermal production  255.4 71.1% 250 62.0% 250 62.0% 

Solid fuels (coal) 44.2 12.3% 58 14.0% 72 17.4% 

Natural gas  158.1 44.0% 170.5 41.3% 156.5 37.9% 

Derived gas  6.2 1.7% 6.5 1.6% 6.5 1.6% 

Oil products 33.8 9.4%  0.0%  0.0% 

Other fuels 12.1 3.4% 13 3.1% 13 3.1% 

Other sources 1 0.3% 2 0.5% 2 0.5% 

TOTAL Gross production  359  413  413  

 

Table 11.2 summarises the estimates given above, hypothesising that there are also 

modest increases in the use of other fuels and that all the rest of the production comes from 

natural gas.  

The table highlights some fundamental elements.  

a) The increase in renewable production is estimated to be almost equal to all current 

production (44 TWh compared to a production of 52). This increase is a considerable 

challenge for the country‘s construction (and above all licensing) capacity. The greatest 

increase could come from the wind sector (17 TWh between on-shore and off-shore), but 

also from biomass and refuse and from the solar sector (10 TWh per source). Reaching 

this target will depend substantially on our ability to focus on it the interest of all 

institutions at all levels, of society, companies and associations, ordinary citizens. It will 

also be important to have an effective policy of incentives, which should be carefully 

weighted between the various sources in order to favour the main target on the one hand, 

and the development of innovative technology on the other hand which would allow 

Italian industry to gain ground at an international level. Mini-hydroelectric power should 

also be encouraged, but in the hydraulic sector weather and climate factors will probably 

dominate rather than those factors that can be controlled.  
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b) Even if, after Civitavecchia, the power plant at Porto Tolle were to be converted to coal, 

coal‘s share of the total would still remain limited in percentage terms, less than 18%. 

Setting up this plant, despite the difficulties linked to CO2 emissions, therefore seems 

important in order to guarantee a minimum of diversification of sources and security of 

supply. 

c) If we could achieve the targets outlined for coal, for renewables, for links with foreign 

countries (which would allow a certain increase in imports of nuclear energy) and finally 

for limiting the upward trend in consumption, it would be possible to eliminate our 

dependence on oil products without an excessive increase in the consumption of natural 

gas. Since supplies of this source represent at the moment one of the critical points for our 

national energy security, it is clear that these objectives also present an obvious advantage 

from the security point of view. 

d) Natural gas will remain in any case the fundamental element in closing the electrical 

balance sheet, in the sense that it will be this source, the most significant in percentage 

terms, that will be called upon to meet any shares of energy not provided by other sources 

or to provide the energy due to an increase in demand higher than the average 

hypothesised. Any limitations to production from natural gas will not be due so much to 

the potential of the generating plants, currently underused, but to the availability of fuel. 

For this reason it is vital in any case that Italy equip itself with means of importation 

alternative to gas pipelines by building an adequate number of regasification terminals. 

 

11.7 CARBON DIOXIDE EMISSIONS 

In all countries, and in particular in industrialised countries, the electrical sector 

represents one of the fundamental components of the energy system and it also plays an 

important role in determining its carbon dioxide emissions. It therefore seems fitting to 

supplement this chapter with some considerations on this subject.  

 

11.7.1 The impact of the energy sector in the national context 

The division of CO2 emissions between the various sectors in Italy is shown in Fig. 1.5 

for the years from 1990 to 2004. In Fig. 1.6 for each of the sectors the emissions are 

compared to 1990 levels.  

In general Fig. 1.5 does not show significant variations in ratio between the various 

sectors, except for a slow but gradual reduction in the industrial sector and an equally slow 

increase of the transport sector. The weight of the energy sector is slightly on the increase and 

is currently around 33% of overall CO2 emissions. 

Figure 1.6 shows a trend of very steady growth in emissions from the transport sector. 

The energy sector shows an irregular trend, falling in a first phase, then rising rather rapidly 

up to 2002, and finally a tendency to rise more slowly. Trends fluctuate more in the industrial 

sector (but are tending to fall) and in other sectors, service industries and residential (where 

they are tending to rise). 
 

Table 11.3: Comparison between the increase in electricity production and the increase in emissions. 
 

 Electricity 

production  

(TWh) 

CO2 emissions  

 

(Mton) 

Increase in production 

compared to 1990 

Increase in emissions 

compared to 1990 

1990 216.9 123.4   

2000 276.7 143.1 27.5% 11.6% 

2005 303.7 147.0 40% 19.1% 
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Limiting here our analysis to the energy sector, we must note that the not inconsiderable 

rise in emissions occurred alongside a much higher increase in electricity production. Table 

11.3 shows the increase in production from 1990 to 2000 and to 2005, highlighting that, 

alongside an increase in production of 40% from 1990 to 2005, the increase in emissions was 

only 19%. 

 

11.7.2 International comparisons 

As specified more clearly in the annexe, ―Reference data‖, for this particular aspect of the 

analysis some obstacles had to be overcome due to the lack of uniformity between the 

sources and initial data. In order to make the presentation of the data more coherent, it has 

been decided to limit the comparison to the countries of the 15 state EU, with the exception 

of Luxembourg, not considered significant, but including however Poland and Romania, the 

largest of the countries to enter the European Union in successive enlargements, and Turkey, 

the largest of the candidate countries and which presents high potential for growth in 

consumption over the next few years. 

Figure 11.7 illustrates the carbon dioxide emissions in 2005 in the countries mentioned, 

highlighting the component due to the electricity system. In Fig. 11.8 which follows the 

percentage contribution of the electricity system to the emissions (Fig. 11.8 (a)) and the data 

for emissions per head are shown (Fig. 11.8 (b)).  

 

 

 

 

 

 

 

 

 

 
Fig. 11.7 CO2 production in some 

European countries – Year 2005 

(source: EU, TERNA). 

 

As seen in Fig. 11.7, Italy is third in Europe as far as overall emissions are concerned, 

after Germany and the United Kingdom, and ahead of France, which benefits, from this point 

of view, from its large number of electronuclear power plants. If we look at the percentage 

impact of the electricity system (Fig. 11.8 (a)), we see that – despite abandoning nuclear 

energy – we are not in any case amongst the largest European emitters since this sector 

accounts for little over 30% of total emissions, compared to percentages of around 40% or 

higher for many countries, including Germany. Finally Fig. 11.8 (b) shows that, comparing 

emissions to population, only Belgium, France, Portugal, Romania, Sweden and Turkey have 

lower levels. These are countries characterised either by turning heavily to nuclear power 

(Belgium, France, Sweden) or that are less developed (Portugal, Romania, Turkey). 

Without wishing to reach premature conclusions from these early evaluations, it is still 

possible to glimpse already how the problem of reducing CO2 emissions is particularly 

critical in Italy, starting from levels that are in general lower than in most European countries, 

and how difficult it is to obtain results by working only, or at least prevalently, on the 

electricity system, since this represents a lower percentage of emissions compared to other 

countries. 



119 

 

 

 

 

 
 

Fig. 11.8: (a) Impact of the electricity sector on CO2 production and (b) CO2 emissions per head in 
2005 (source: EU, TERNA). 

 

11.7.3 Analysis of CO2 production by the electricity system 

The electricity system, together with some of the industrial sectors with greatest energy 

use (steel, cement, etc.) is one of the sectors subject to European directives with regard to 

―Emission Trading‖. This means that a series of measures has already been enforced in these 

sectors aimed at limiting emissions, fixing upper limits above which the emitters are obliged 

to buy ―emission rights‖ in the open market. Operators in this sector therefore already have 

plenty of incentives to reduce emissions. The same cannot be said for the sectors excluded 

from the directives, for which containment measures should nevertheless be put in place.  

Having said this, it still seems useful to evaluate the structure of the electricity generation 

industry in Italy, comparing it to the countries mentioned above. 

Figure 11.9 (a) shows the quantity of CO2 put out overall by the electricity system in 

1990, 2000 and 2005. It shows a wide range of behaviour, with a considerable reduction in 

the United Kingdom, a clear increase in Spain, a more limited increase in Germany, Italy, and 

in many other countries.  

As noted previously, the increase in emissions in Italy can be attributed mainly to 

increase in production, while the quantity of CO2 emitted per unit produced has fallen, as 

revealed in the following graph (Fig. 11.9 (b)). This shows the specific emissions of 

electricity production plants, i.e. the average quantity of CO2 emitted for every kWh 

produced. The graph shows that – with the exception of Austria, a country exceptionally rich 

in hydroelectric resources – only in some countries with significant nuclear production is it 

possible to obtain figures for specific CO2 emissions lower than the Italian figure (France, 

Sweden, Belgium, etc.). If we then compare emissions with thermoelectric production alone, 

we notice that Italy‘s specific emissions were in 1990, the reference year for the Kyoto 

protocol, about 2/3 those of Germany, United Kingdom and Poland (the largest European 

emitters), and despite great progress in these countries, they are still considerably lower. 

Indeed, on the contrary, we can claim that Italy‘s specific emissions from thermoelectrical 

plants are amongst the lowest in Europe. 

An overall examination of the data from Italian electricity production and the comparison 

with European production leads to the conclusion that achieving reductions in CO2 emissions 
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in Italy – above all compared to the situation in 1990 – is much more complex than in other 

countries, for a series of good reasons: 

 Electricity consumption per head in 1990 was rather low, and therefore a considerable 

increase in consumption was to be expected, as indeed happened, both because of the 

desirable economic development which took place in the meantime, which affected 

consumption by industry and transport, and because new social needs arose, due to greater 

well being and comfort in residential buildings (air conditioning, etc.), while the increase 

in population probably played a minor but not negligible role. 

 

 
Fig. 11.9 (a) CO2 emissions in 1990, 2000 and 2005 from various European countries and 
(b) compared to all electricity production (source: Eurelectric (1990), TERNA (2000 and 

2005)). 

 

 CO2 emissions per unit of electricity produced were still very low in 1990, due to the low 

impact of coal in overall fuel use – uniquely amongst the industrialised nations, except for 

France – and because of the early penetration of natural gas as a substitute for oil in 

thermoelectric plants; this despite the fact that a certain reduction in specific emissions has 

already been achieved. 

 Current specific CO2 emissions from Italian thermoelectric plants are on average amongst 

the lowest in Europe, and therefore any further improvement in the situation can only be 

extremely expensive as well as difficult. 

 

 

 
 
 
 
 
 
 
 
 

 
Fig. 11.10: Greenhouse gas 
emissions in 1990, 2000 and 
2005 by various European 
countries compared to 
thermoelectrical production 
(source: Eurelectric (1990), 
TERNA (2000 and 2005)). 

 

 

11.7.4 Projections for CO2 emissions by 2020  

In this paragraph we shall try to give an estimate of CO2 emissions from Italy‘s electricity 

system in 2020. The estimate will still be based on the production forecasts made in 
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paragraph 11.6, in the medium scenario which envisages a total energy demand of 413 TWh, 

and will consist essentially of an evaluation of differential emissions with respect to 2006. 
 

For the sake of simplicity, the CO2 production from derived gas will be assimilated to the 

production from natural gas and the production from other fuels, conservatively, to that of 

coal. Moreover the quantity of CO2 generated by the combustion of biomass and refuse will 

not be considered in the balance. For the relationship between CO2 emissions and energy 

produced we use the figures in Table 11.5, considering, for the sake of simplicity, only the 

worst case scenario from the point of view of emissions, i.e. the scenario with the conversion 

of Porto Tolle to coal, which however appears preferable from the other two fundamental 

points of view with regard to energy problems, that is to say the cheapness of the solutions 

and security of supply. 
 

Table 11.4: Forecast production differentials from 2006 to 2020 by source. 
 

 2006 

[TWh] 
2020  

[TWh] 
Differential 

[TWh] 

Renewable production 52.2 96 +43.8 

of which biomass and refuse 6.7 16 +9.3 

Hydroelectric from pumping 6.4 7 +0.6 

Imported nuclear 45 60 +15 

Thermal production 255.4 250 -5.4 

Solid fuels (coal) 44.2 72 +27.8 

Natural gas 158.1 156.5 -1.6 

Derived gas  6.2 6.5 +0.3 

Oil products 33.8  -33.8 

Other fuels 12.1 13 +0.9 

Other sources (residual heat) 1 2 +1 

TOTAL GROSS PRODUCTION 359 413 +54 

 

 

An estimate will also be given for additional emissions in terms of MtCO2/TWh, 

hypothesising that all the additional production comes from natural gas, in accordance with 

directive 2003/87/EC, assuming in particular the emissions for 2012
67

. 
 

Table 11.5: Emission factors for different fuels and plants. 
 

Emission factor 

(Mton CO2/TWh) 

Coal 

steam 

Oil 

steam 

Natural gas 

Comb. cycle. steam Turbo gas 

2004 0.896 0.694 0.374 0.459 0.404 

2012 0.811 0.694 0.354 0.459  

2025 0.757 - 0.342   

 

It follows that the only terms to consider and their relative differential emissions are those 

given in Table 11.6. The calculation shows that a slight reduction in emissions compared to 

current levels is possible. 

If the objective of not increasing emissions further compared to 2006 therefore seems 

possible to achieve, the target of reducing them with respect to 1990 appears far more 

complex, for a series of reasons already discussed in part: 

 the increase in energy demand, which by 2020 will almost double the1990 figure; 

                                                 
67

 Indeed for the new coal burning power plants at Civitavecchia and Porto Tolle the expected emission factor is 

0.77, therefore below the factor in the directive. 
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 the fact that despite the above increase, Italy is still one of the most virtuous countries 

both in terms of energy required per inhabitant, and in terms of CO2 emissions per energy 

unit produced. 

In the longer term – but not by 2020 – this can be achieved with an appropriate 

combination of the three main options available, that is to say the implementation of 

technology for the capture and storage of CO2, the construction of a sizeable number of 

nuclear plants and – if there were to be a substantial reduction in costs – the use of 

photovoltaics. In the short term the only practical policy seems to be the purchase of emission 

credits in the marketplace, with an inevitable worsening in production costs. 
 

Table 11.6: Differentials of thermoelectric production and emissions between 2006 and 2020. 
 

 Production differential 

2020-2006 

(TWh) 

Emission differential 

2020-2006 

(Mton CO2) 

Greater production from coal 28.7 23.3 

Less production from natural gas -1.6 -0.6 

Less production from oil products -33.8 -23.5 

Total +1.6 -0.8 

 

11.8 RESEARCH IN THE ELECTRICAL SECTOR 

Many of the important research themes in the electrical sector have already been tackled 

in the previous sections, in particular as far as developments under way and expected, in a 

more or less distant future, are concerned in the sectors of generation from renewable sources 

and from nuclear power. 

There are however two specific themes which it is worth examining. The first is linked to 

the development of distribution networks, of which we shall talk briefly below. The second is 

CO2 capture, to which the whole of the next chapter is devoted. 

The problems of distribution networks, both at low (380 V) and medium voltage (15/132 

kV) mainly concern the fact that the current networks were not designed to accommodate a 

significant component of scattered generation. The structure of the whole electricity system is 

of the ―cascade‖ type. The energy produced is put into the grid at high voltage (380/220 kV), 

transported from the areas of production to those of use, progressively brought down to lower 

voltage levels and finally delivered to the users. This system is relatively cheap (for example 

it does not require an excessive level of low voltage interconnection). It also makes it 

relatively simple to control the characteristics of the energy supplied (for example the voltage 

level on the grid can be guaranteed by operating devices in the transformer cabins); this 

provides the possibility of attributing precise responsibilities to the distributor with regard to 

service quality. Finally it offers a high degree of security if maintenance operations are 

required on the grid.  

With the proliferation of scattered generation systems, of whatever type, from 

cogenerative systems fuelled by natural gas or biofuels to photovoltaic panels, it will become 

ever more frequent that in distribution networks the energy generated will be greater than that 

used, with the resulting need to make the energy flow towards higher voltage levels, revising 

the characteristics of the cabin protection systems. The proliferation of devices fuelled by 

sources which cannot be ―dispatched‖, wind power in particular, will put the network at risk 

of sudden fluctuations; events of this type have occurred in Germany for example. Hence the 

need to introduce energy accumulators, which have a dampening effect when sudden and 

unforeseeable events occur. If we exclude large scale hydraulic pumping storage, which 

however is more concerned with transmission than distribution, and is aimed at levelling out 

the charge as far as possible between day and night, storage devices are practically non 
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existent today, and moreover, the technologies that currently exist are all rather expensive 

and are not suitable for medium-large storage.  

Finally it will be necessary also to re-examine the legislative situation, in order to identify 

a correct division of responsibility for the management of the network between the distributor 

and the producers connected at medium and low voltage. 

The European project ADDRESS, coordinated by ENEL, and with the participation of 

other important European companies such as EDF, Iberdrola, Siemens recently started to 

tackle these themes. It is the first step in a direction that will in any case require great 

commitment from the whole scientific community working in this sector, as well as major 

investment. 

 
ANNEXE: REFERENCE DATA 

The data sources used are given in the captions for every figure. As far as the data for electricity production 

are concerned, the criteria followed when choosing the starting point data are as follows: 

 Whenever possible we have referred to the statistical data put on the web by TERNA, the company with a 

majority public holding which regulates electricity production in Italy (website www.terna.it). In general the 

data is computed directly by the company, in some cases they are taken from other sources, in any case 

mentioned on the website. 

 International comparisons are based, as well as on the TERNA data, also on the statistical data available from 

the Directorate-general for Energy and Transport of the European Commission, at the address 

http://ec.Europe.eu/dgs/energy_transport/figures/pocketbook/2006_en.htm. In some cases slight discordances 

exist which do not change the results of our analysis. 

The situation is rather more complex as far as the data for CO2 emissions are concerned. In general we have 

followed the following criteria: 

 For the global emissions of the energy systems in the various European countries we used the statistical data 

of the European Commission, taken from the site already mentioned; these figures do not include off shore 

bunkers and are much lower than other sources.  

 For emissions associated with electrical systems we have followed the TERNA data, with the exception of the 

year 1990, for which the data were taken from the report ―Statistics and prospects for the European 

electricity sector (1980-1990, 2000-2020)‖, abbreviated to ―EURPROG 2005‖, edited by the EURPROG 

Network of Experts for Eurelectric, the association that gathers together the European electricity companies. 

 Finally for the contribution of the various sectors to CO2 emissions in Italy we used the data from the 

―Energy and Environment Report‖ published by ENEA for the Ministry of Economic Development in the 

month of April 2007.  

In general for these data there is a certain variation between sources. Differences even of the order of 10% 

have been found, sufficient in some cases to reverse trends. This is understandable if you consider that these 

data are not derived from direct measurements but are the outcome of complex processing, heavily influenced 

by the starting hypotheses. 

 

http://www.terna.it/
http://ec.europa.eu/dgs/energy_transport/figures/pocketbook/2006_en.htm
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12. CO2 Capture and storage 
 

 

Summary 

Given Italy‘s heavy dependence on fossil fuels (in industrial production, in heating buildings and 

transport), a dependence that cannot be eliminated in the short or medium term, one of the most significant 

contributions to the reduction of global levels of CO2 emissions could come from technology for CO2 

capture and storage. Several industrial processes aim at the common objective of capturing CO2 at source – 

before or after combustion – transporting it from power stations to storage sites and then injecting it into 

suitable underground structures which have been previously studied and certified.  

Although these technologies are fairly well known and have already been tested on a small scale, they 

still have a very high cost, so further research is required before a large scale commercial application can 

be contemplated. The cost of the technology is mainly accounted for at present by the capture of the CO2, 

which alone absorbs more than two thirds of the total cost, while transport accounts for 10% on average 

and storage for 20%. 

Various initiatives are currently underway in Italy, in particular by ENEL, which is planning to set up a 

trial plant capable of dealing with 1Mt/year of CO2. The recent agreement between ENEL and ENI, which 

aims to establish important joint endeavours uniting the competences acquired by the two companies in the 

fields of capture and geological storage respectively, is also highlighted. 

 

 

12.1 INTRODUCTION 

The hypothesis is now widespread that there is a fairly close link between the changes 

in the planet‘s environment and climate balance and the alteration in the composition of the 

atmosphere, in particular the increase in CO2 concentration, due to the growing use of fossil 

fuels, coal, oil and natural gas, in industrial production, in heating buildings and in 

transport.  

Although the hypothesis of this link is not yet fully accepted in the scientific world and 

the real intensity of these alterations has not been fully clarified, the adoption at an 

international level, and in particular within the European Union, of a series of measures to 

contain the phenomenon has been felt to be indispensable, aiming at a sustainable 

development that can integrate technological evolution and respect for the environment.  

Over the last few years international energy policies have registered considerable 

progress, formalised in 1997 with the ratification of the Kyoto Protocol with which the 

industrialised nations have committed themselves to reducing emissions, compared to 1990, 

by at least 5% on average in the period 2008-2012. 

One of the most significant contributions to the reduction of CO2 emissions at a global 

level can come without doubt from Carbon Capture and Storage (or CCS) technologies. 

These are various industrial processes that set themselves the common objective of 

capturing CO2 at its source – before or after combustion – transporting it from the power 

plants to the storage area and then injecting it into appropriate previously designed and 

―certified‖ underground structures. Although they are fairly well known and also tested on 

a small scale, the cost of these technologies is still very high, so further research is 

indispensable before a large scale commercial application can be thought of. The cost of the 

technology is currently mainly due to capture, which alone accounts for two thirds of the 

total cost, while transport accounts on average for 10% and storage for about 20%. Below 

we give a brief description of the main lines of research active at an international level and 

which appear in turn each more competitive than the other, depending whether new plants 

are referred to or adaptations of existing plants.  
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12.2 CO2 CAPTURE 

The most mature techniques for CO2 capture envisage the gas being captured either 

before or after combustion. Plants using these technologies for demonstration purposes are in 

use, being built or planned in various countries, including Italy. 

Another approach – so called oxycombustion – envisages the combustion in an oxygen 

and CO2 atmosphere; this technology is more promising in terms of low unit costs for capture 

but is still under study, and only small experimental plants have been set up, including one in 

Italy. 

In the following Fig. 12.1 the designs of three different technologies are given. 

There are also other combustion concepts, in which direct contact of the fuel with the air 

is avoided. For example, in so called ―chemical looping‖, the oxygen is transported into the 

combustion chamber by an intermediate compound, typically an oxide. In this way at the exit 

of the combustion chamber a flow of gas is obtained with characteristics similar to those of 

oxycombustion. We shall not linger any more on these technologies since they will mature 

further ahead in time than those already mentioned. 

 

 
 

Fig. 12.1: CO2 capture techniques. 

 

a) Post-combustion capture 

In post-combustion capture, the CO2 is separated from the other combustion gases. The 

CO2 can be captured by using various processes including absorption (chemical and 

physical), adsorption, liquefaction, cryogenics and the use of membrane filters. The choice 

between the various technologies is made on the basis of the properties of the combustion gas 

such as temperature, pressure, concentration etc. 

Since the combustion gas emitted by electrical power plants, at atmospheric pressure, has 

a relatively low concentration of CO2, the most suitable process turns out to be absorption in 

water amine solution. The combustion gas is cooled and subjected to a series of cleaning and 

purification treatments and subsequently sent to the post-combustion capture plant. This 
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consists essentially of two elements: the absorber, in which the CO2 is separated from the 

amines, and the stripper, a regenerator in which the amines used are recovered at a 

temperature of about 120 °C. Although the regeneration process causes a considerable 

reduction in the power plant‘s efficiency, since post-combustion capture interferes only 

marginally with all the plant‘s operations, it is the most suitable technology already available 

for implementation in pre-existing electrical power plants. The CO2 thus captured is dried, 

compressed and transported to the storage site. 

 

b) Pre-combustion capture 

In pre-combustion capture, the CO2 is removed before combustion. For coal this process 

can be carried out by means of gasification (Integrated Gasification Combined Cycle, or 

IGCC); the CO produced in the process is made to react with steam to produce H2 and CO2 as 

a gas according to the reaction 

 

CO + H2O → CO2 + H2 + 41 kJ/mol 

 

known by the name of ―water gas reaction‖ or ―CO shift‖. The CO2 produced can be removed 

at high concentration (about 30% by volume of the total gas) and at high pressure (20-30 bar) 

by means of physical absorption. Research under way suggests that in future it will be 

possible to separate hydrogen from the CO2-H2 mixture using membrane filters with greater 

selectivity than those currently on the market. The hydrogen thus obtained is used as fuel for 

the gas turbine while the CO2 is liquefied for transport and storage. 

Because of the complexity of the process and the high cost no applications use this 

technique, although CO2 capture at high concentration and high pressure implies a lower 

process cost and lower energy consumption. 

 

c) Oxycombustion 

An alternative approach for removing CO2 from the combustion gas consists of using 

oxygen for combustion rather than air, which contains about 79% nitrogen in volume which 

dilutes the combustion gas. Using almost pure oxygen (between 95 and 99%) generates a 

combustion gas composed mainly of CO2, steam and small quantities of impurities such as 

SOx and NOx. In this case, to control the combustion temperature, a portion of the 

combustion gas is recycled in the combustion process, which occurs at high pressure. After 

the condensation of the steam present in the combustion gas and the removal of impurities, 

the CO2 can be sent to storage. The process of condensing the air to obtain oxygen has 

already been applied on an industrial scale to some power plants with a production of 5000 

tonnes of O2 per day, which corresponds to a power requirement of about 300 MWe. This 

already shows the main problem with this technology, which leads to a high level of energy 

consumption. 

 

12.3 CO2 TRANSPORT 

After capture CO2 must be compressed and dried, to avoid corrosion and precipitation 

processes, before being transported by ship or gas pipeline to the storage site. This process 

requires a considerable quantity of energy which in its turn determines a reduction in the 

electricity plant‘s power efficiency of about 3-4 %. At the moment it is not clear what 

impurities will be accepted in CO2 capture from a technological, ecological and legal point of 

view. Therefore research is necessary to define the CO2 purity requirements for the different 

methods of transport and storage. 
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12.4 CO2 STORAGE 

Current demand for CO2 for industrial purposes could not absorb the enormous quantities 

accumulated during storage with the techniques described above, so it is necessary to take 

into consideration all forms of carbon storage, in particular geological storage. 

Through the development of experiments and technologies refined in the field, it is 

necessary to evaluate and increase the storage capacity of all potential reservoirs and to 

expand the number and type of stockpiles where CO2 storage is an economically sustainable 

practice. 

In the framework of geological storage various types of suitable sites can be identified: 

exhausted oil and gas deposits; deep saline aquifers, coal deposits which cannot be exploited 

and shale-clay formations with a high organic content and also other options. Every type of 

formation exploits different principles to fix the CO2 and in consequence every type of site 

requires specific research activity.  

A contribution can also be made by carbon absorption in the Earth‘s ecosystems, closely 

correlated to the fundamental objectives of forestry and agriculture in trying to integrate 

energy production, conversion and use with land reclamation. 

Finally we also mention the possibility of ocean storage, which has an enormous potential 

for CO2 storage, but for which there is not yet adequate scientific knowledge. At the current 

time laboratory experiments are being carried out aimed at understanding the physical-

chemical interactions between CO2 and sea water, especially as far as the formation of CO2 

hydrates is concerned. 

In parallel with the study of the various forms of carbon storage it is necessary to develop 

methods of: 

– measuring the quantity of CO2 stored in a specific site designated for storage, 

– monitoring CO2 leaks at the site, 

– monitoring the deterioration over time of the state of storage,  

– verifying whether the CO2 stores is harmless for the host ecosystem.  

 

12.5 THE RESEARCH  SITUATION IN ITALY 

The use of CCS technologies in electrical generation is particularly important for Italy 

which, since abandoning the use of nuclear power, depends on fossil fuels more than most 

other European countries.  

Although CCS technologies can be applied in theory to all fossil fuels, in the first instance 

we must think of applying them to coal plants both because of the importance that this fuel 

has in guaranteeing Italy‘s energy security (the growing dependence on natural gas indeed 

exposes the country to grave risks both in terms of security of supply and of energy cost), and 

because the efficiency of these processes is greater the higher the carbon content of the fuel. 

In Italy the greatest initiatives for developing and demonstrating CCS technologies in 

thermoelectrical production, in particular from coal, have been taken by ENEL, which 

intends to play a leading role by carrying out some demonstration projects. To this aim ENEL 

is planning to carry out a demonstration project of post-combustion capture and geological 

storage of CO2, in a site to be chosen. The plant was designed to treat about 30% of the gas 

leaking from a 660 MWe unit, corresponding to about 1 Mt/a of CO2, which will be 

transported to the storage site and injected into underground reservoirs of the type known as 

deep saline aquifers. 

Setting up this project will be preceded by the construction of a 10.000 Nm
3
/h pilot plant 

close to the Brindisi power plant (which will be operational from early 2009), to validate the 

fundamental principles of the process and the criteria for the design of the demonstration 

plant. 
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In parallel in 2006 ENEL, in collaboration with ENEA and ITEA (an Italian company of 

the Sofinter group), launched a demonstration project of a combustion in oxygen system 

based on a pressurised oxygen-coal process developed by ITEA. The technology, already 

proven for the thermal treatment of refuse, uses a ―flameless‖ process of oxygen-coal 

combustion in a pressurised reactor (up to 10 bar). At the exit from the boiler a flow of 

pressurised and very concentrated CO2 is available, which can easily be captured, reducing 

the energy penalisation linked to the compression of the CO2, necessary for transport and 

injection into underground sites.  

ENEL is also interested in developing pre-combustion capture technology and is 

examining the possibility of participating in one of the projects announced at an international 

level for setting up a ZEIGCC (Zero Emission Integrated Gasification Combined Cycle) 

demonstration plant. 

Finally we must draw attention to the very recent agreement between ENEL and ENI, 

with the aim of establishing important joint endeavours, uniting the expertise developed at 

ENEL in the capture sector and that at ENI above all in the drilling and geological storage 

sector. 

 

12.6 APPLICATION PROSPECTS 

Applying CCS technologies to electrical production requires a major effort in terms both 

of research and industrial investment, but it also requires the whole national system to be 

involved. Indeed, it will only be feasible if changes are made swiftly to a series of legislative 

regulations (in particular those concerning refuse and water) which at the moment make the 

transport and geological storage of CO2 impossible. 

Currently the European Commission is working on this theme in order to clarify under 

what conditions CO2 can be stored. Approval of the directives by the Member States will 

follow as far as the selection of storage sites, their operation, control, shutdown and post 

shutdown procedures, including the management of long term responsibilities, are concerned. 

It is therefore obvious that only the coordinated commitment of all the interested parties – 

government, local authorities, industry, and research institutions – will permit such an 

ambitious target to be reached. 
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13. Hydrogen as an energy vector 
 

 

Summary 

Hydrogen is not a source of energy but an energy vector, currently less important than other vectors such as 

oil products, thermal energy and electrical energy. 

Apart from its direct uses in a series of diversified chemical technologies, in the energy context it is mainly 

employed in fuel production, through the hydrogenation of heavy oils in order to improve the production of 

other oil products that are of greater commercial interest. 

In the energy sector great expectations have been raised by its possible use as a replacement for oil products 

for powering vehicles, even though so far these expectations have not led to a practical outcome. 

 

 

13.1 INTRODUCTION 

As said in the previous chapter, only a small part of energy reaches the final users in the 

same form in which it is available at source. The main vectors used in modern energy 

systems are oil products (petrol, diesel, Lpg, etc.), thermal energy, electrical energy and 

hydrogen. 

In this chapter we shall concentrate on hydrogen because of the great expectations that 

have been aroused by its possible use as a substitute for oil products in powering vehicles. 

 

13.2 METHODS OF HYDROGEN PRODUCTION 

Hydrogen is currently an energy vector of little importance. Apart from its direct use in a 

series of diversified chemical technologies, its main use in the context of energy concerns the 

production of fuels, through the hydrogenation of heavy oils in order to improve the 

production of other petroleum products of greater commercial interest. Its potential role in the 

energy sector only deserves to be taken into consideration because of the great expectations 

that have been aroused by its possible use as a substitute for oil products as vehicle fuel, even 

if so far these expectations have not been confirmed by any concrete results.  

Molecular hydrogen is an excellent fuel, it is not toxic and, when it burns, it does not 

pollute, in the sense that it only produces water (at most it encourages the formation of 

nitrogen oxides). If it is then combined electrochemically in a fuel cell to produce electricity, 

only steam is given off. The other side of the coin is that hydrogen gas does not exist on 

Earth, except in very small percentages in the composition of the air, and therefore it has to 

be produced by extracting it from hydrogenated compounds.  

To produce hydrogen gas it is necessary either to split methane (or other fossil fuels) with 

hot steam (steam reforming) or to carry out the electrolysis (or ―radiolysis‖) of water, or to 

split water thermally (with great quantities of heat). Briefly the corresponding chemical 

reactions are: 

 

2H2O + CH4 + Eel  4H2 + CO2 

2H2O + Eel  2H2+O2 

2H2O + Et 2H2 + O2 

 

In the first case CO2 is produced and the problem of emissions is therefore not solved but 

made worse. In the other cases it is necessary to use energy that does not in itself produce 

CO2 (therefore solar, wind or nuclear energy). The energy balance is, in any case, negative 

(more energy is spent than is obtained) and, therefore it must be compatible with the primary 

energy production used. Renewable energies, despite being intermittent, can be used when 
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they are available, opportunistically, storing the hydrogen that has been produced to be used 

when required. 

Instead nuclear plants can be operated regularly at full power (and therefore to maximum 

economic advantage) using all the energy not required by the grid to fuel the electrolytic cells 

that produce the hydrogen or to provide the heat necessary for thermal splitting. The 

innovative IV generation reactors take this possibility into account. France and the USA are 

moving in this direction.  

So hydrogen is not an energy source but an energy vector, convenient for various reasons 

(in particular for its usage in the transport sector) if it can be produced at low cost (for 

example from nuclear power). 

Some significant figures: 

 To produce 1 m
3
 of hydrogen by electrolysis requires from 4 to 5 kWh. At the average 

production cost per kWh recorded in Italia (0.06 euro), hydrogen would cost about 0.29 

€/m
3
, or 30% more than methane.  

 Considering that 1 m
3
 of hydrogen contains 89.89 g and that hydrogen has a calorific 

power of 28,660 kcal/kg, with 1 m
3
 we can produce 2,576 kcal. Hydrogen therefore has a 

power equal to a third that of methane (which has a calorific power of 8,250 kcal/m
3
). 

 The energy necessary to produce hydrogen electrolytically is 1.5 times that (2,576 kcal) 

which can be obtained by its combustion
68

. 

 

13.3 HYDROGEN STORAGE 

Once produced, hydrogen must be stored, a problem which is far from being resolved 

because of some of the characteristics of this gas. Hydrogen must be compressed at high 

pressure (typically at several hundred atmospheres) or liquefied at low temperatures (below 

-250 
o
C) in order to be confined in a reasonably small volume (remember that at parity of 

pressure and volume hydrogen contains a third of the energy contained in methane, while the 

energy density of liquid hydrogen is one third that of petrol). The hydrogen molecule is small 

and is more easily liable to dispersal than traditional fuels are. It also diffuses easily in the 

metallic structure of the containers, which therefore have to be constructed with special types 

of steel or other special materials, making them far heavier than those used for traditional 

fuels. Compared to the latter, hydrogen has lower thresholds of explosivity and flammability 

(i.e. concentrations in the air above which the gas explodes or catches fire). Ease of catching 

fire, above all, creates the greatest concern: if hydrogen catches fire, the fire spreads at a 

speed ten times higher than would occur when methane or petrol burn. 

The containers for storing hydrogen are bulkier and heavier than those for liquid fuels or 

for compressed natural gas: typically, a tank containing hydrogen at 12% in terms of weight 

and at a pressure of 340 atmospheres weighs 32 kg and has a volume of 182 l, reduced to 28 

kg and 116 l with liquid hydrogen (the compressed hydrogen solution is preferable however 

to the liquefied hydrogen one, also because the energy required for compression, although 

high, is significantly lower than that required for liquefaction). For comparison, a tank for 

traditional fuels equivalent in terms of the energy stored would weigh, including the fuel, 25 

kg and would occupy a volume of 25 l. A promising storage technology would seem to be a 

technology involving the use of graphite nanostructures, but for the moment the possibility of 

creating these must still be considered far off.  

Safety problems should not be overlooked. Hydrogen burns with an almost invisible 

flame and irradiates little heat, making the detection of any fires difficult, especially in 

                                                 
68

 It should be pointed out that the energy necessary to produce hydrogen electrolytically is 1.5 times the energy 

(2,576 kcal) that can be obtained by burning it. Therefore, if this energy is transformed into electrical energy, as 

in the case of fuel cells, also proposed for powering vehicles, 16 kWh per kg of hydrogen are achieved, while 

over 50 kWh are required to produce it. 
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daytime, but the use of infrared radiation detectors or of special paints sensitive to heat, 

would allow easier detection in the case of fires. Overall, we can say that there is sufficient 

trust in the possibility of using this fuel safely, as long as its almost unique properties are 

respected; indeed, with appropriate engineering, the safety of vehicles fitted with fuel cells 

could be greater than for current vehicles with traditional fuels.  

 

13.4 HYDROGEN AS A FUEL 

The problems of producing, distributing and storing hydrogen are only half the challenge 

to be faced in developing the use of hydrogen as an alternative to traditional fuels: adequate 

technology must also be available to make its use operative. The most promising of these 

technologies seems to be fuel cell technology, an electrochemical system that converts 

chemical energy into electrical energy, which can be used both for electrical power plants and 

in the transport sector. The yield is excellent: up to 60% of the energy available is converted 

into electricity (by comparison, hydrogen internal combustion engines have an efficiency of 

about 45% which is already 20-25% higher than that of engines using traditional fuels). 

A fuel cell differs from a traditional battery: in the latter chemical energy is transformed 

into electrical energy and the phenomenon is reversible, in the sense that when the battery is 

flat it must be recharged by introducing electrical energy; in a thermal power plant electricity 

is produced by the heat from burning the fuel: in the fuel cell the fuel is converted directly 

into water, without combustion, thanks to an electrochemical reaction and with production of 

electricity.  

Although the principle of fuel cells has been known for 160 years, the first applications 

only emerged after the launch of the space programmes in the ‘60s and ‘70s, and only more 

recently have resources been invested to try and make them commercial and candidates for 

the construction of zero emission vehicles. Their cost is still high however (from 1,000 to 

10,000 €/kW) and a reduction of one or two orders of magnitude would be necessary before it 

could be competitive for applications in the transport sector. Anyway, economic and market 

reasons do not yet seem able, by themselves, to lead to a significant transition from current 

fuels to hydrogen. This could happen as a result of political decisions and incentive based 

planning (as happens for new renewable energies).  
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14. Efficiency and energy saving 
 

 

Summary 
The challenge over the next few years will be to control demand for energy so that it can be employed more 

efficiently. We also have to set ourselves the aim of limiting use to when the energy is really required and at a 

level at which it is really necessary. This challenge could lead to enormous economic savings but it should be 

tackled in a way that is wider ranging than simply introducing ever more efficient technology, which could 

nevertheless lead to extraordinary results. 

Energy saving could increase the security of energy supplies and, at the same time, improve the 

competitiveness of the production system by stimulating the market for technology and products with high 

energy performance. 

 

 

14.1 INTRODUCTION  

The end of cheap energy and the need to reduce greenhouse gas emissions, have given an 

impetus over the last few years to policies to raise the energy efficiency of final use and for 

energy saving in general. ―Do more with less‖ was the title of the Green Paper on energy 

efficiency distributed by the European Commission in 2005. This is the challenge that will 

have to engage brains, expertise, capital over the next few years.  

In reality some contest the excessive attention paid to improving efficiency of usage, 

without questioning the overall amount of energy used. We may produce extremely efficient 

motor vehicles but without a more general re-think of mobility management we will find 

them trapped in a gigantic traffic jam. As the economist Herman Daly recalled, you can 

arrange the cargo of a ship in an optimal fashion, but if the weight is excessive the ship will 

sink in an optimal way. 

There are many reasons that encourage a better use of energy. From the economic point 

of view steps towards efficiency are generally competitive, often with costs halved, with 

regard to energy use. There is also an increase in the resilience of our companies, thanks to 

higher energy security and a reduction in imports. So it is thus possible to re-direct enormous 

capital from the purchase of fossil fuels abroad towards innovative industrial sectors, with 

significant effects on employment. Finally the environmental advantage linked both to the 

improvement in air quality on a local scale and to the reduction in carbon dioxide emissions 

(which by the way is priced at around 20 €/t) should not be forgotten. 

So efficiency presents a clear advantage to society, to single customers and for the 

environment. But how much room for manoeuvre do we have? It is possible to increase 

considerably the efficiency of final use thanks to available technologies but they do not 

become widespread because of imperfections in the market. So we have to understand how to 

encourage their use by removing the barriers that make their presence marginal. 

To achieve significant savings, say a 20% reduction in consumption compared to the 

reference scenario forecast by the European Union for 2020, a systemic approach is anyway 

needed which will allow us to impact not just on single technologies but on the whole context 

in which they are set. Indeed it is not enough to increase the efficiency of final use, but we 

must cut into consumption thanks to more wide reaching intervention in energy management 

and changes in customers‘ behaviour. 
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14.2 THE EVOLUTION OF ENERGY INTENSITY 

In order to have an indication of the energy efficiency of a sector or of a country the 

economic indicator known as energy intensity, that is to say the ratio between energy 

consumption and added value, is often used. 

Energy intensity worldwide dropped annually by 1.6% between 1990 and 2006, allowing 

a saving of 4.4 billion toe. China showed massive improvements up to 2000, with annual 

reductions of 7.5%, while later the reduction rate collapsed to less than 1%. Instead, globally 

excluding China, after 2000 high energy prices led to an increase in efficiency, with an 

annual reduction in intensity shifting from 1.3% in the period 1990-2006 to 1.5%. 

The element that emerges is given by savings recorded over the last few decades thanks 

to better energy use. Just think that in the United States since 1973 the intensity has fallen 

annually by 2.1%, compared to 0.4% in the period before the oil crisis, allowing a reduction 

in consumption of about 70% (Fig. 14.1). 

 

 

 

 

 

 
Fig. 14.1: Energy consumption in the 
USA and the consumption there 
should theoretically have been if 
energy intensity had stayed at the 
levels found before the 1973 oil crisis 
(source: Rosenfeld (2007), "Energy 
efficiency in California and the 
united States: Reducing Energy Costs 
and Greenhouse Gas Emissions" in 
Climate change science and policy, 
Rosencranz & Mastrandrea (eds.)). 

 

 

Italy could boast of a record in terms of energy efficiency but has slipped some positions 

and is now in the European average (Fig. 14.2).  

 

 

 

 

 

 

 

 

 

 

 
Fig. 14.2: Trend of energy 
intensity in relation to Gross 
Domestic Product (GDP) per 
head between 1990 and 2006 
(source: Enerdata). 

 

Indeed if we analyse the trend of our country‘s energy intensity from 1974 to 2004 we 

note a first phase in which the figure fell constantly coinciding with high energy prices after 
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the first oil crisis, followed by a period with stationary figures up to 2002, after which the 

intensity begins to rise, i.e. to get worse (see Fig. 14.3). 

Over the past two years 

however a very slight trend reversal 

has also been recorded in Italy. 

Preliminary data for 2007 show in 

fact a drop in energy consumption 

of 1.4% (195.4 Mtoe) following a 

0.8% reduction recorded the 

previous year. These events were 

influenced by the mild climate, 

high energy prices and the first 

results of intervention policies 

launched by the Government of the 

time. 

 

 

14.3 THE POTENTIAL FOR REDUCING CONSUMPTION 

The potential for reducing consumption linked to increasing efficiency in energy 

production and use is extremely high and is destined to grow in line with technological 

development. According to a scenario worked out by the International Energy Agency (IEA), 

two thirds of possible carbon dioxide reductions by 2030 could be achieved just by increasing 

energy efficiency (see Fig. 14.4). 

An estimate of potential for saving in Italian electrical final uses was produced in 1999 by 

the Californian IPSES institute on behalf of Italy‘s National Agency for Protection of the 

Environment (ANPA). 

This detailed bottom-up 

analysis of the various 

technologies led to a 

calculation of the 

potential for theoretical 

saving and economical- 

ly exploitable saving by 

2010 (Krause, 1999). The 

results, summarised in 

Table 14.1 indicated the 

possibility, with adequate 

intervention policies, of 

arriving at savings equal 

to 43 TWh, with a 14% 

reduction compared to 

consumption in the reference scenario. 

The eERG group at the Polytechnic of Milan re-examined this study on behalf of 

Greenpeace (eERG, 2007), extending the estimate up to 2020. The time span considered in 

the two studies is comparable, about fifteen years. The potential for economically 

advantageous saving in the eERG estimates, given in Tables 14.2 and 14.3, is higher however 

(20% compared to 14% for IPSEP).  

The higher figures in the 2007 study are explained by the fact that over the years since the 

earlier work was done we have seen a progressive increase in energy costs while the 

availability of new efficient technologies has increased in parallel. 

Fig. 14.4: Trend in world CO2 emissions by 2030 in the reference 
scenario and in an alternative scenario (source: IEA, 2006). 

Fig. 14.3: Energy intensity in Italy, 1974-2004 (ktoe/$) 

(source: FM, 2008). 
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These analyses only refer to electrical consumption. If we consider savings margins for 

cooling buildings in summer and heating them in winter a similar high potential for 

intervention can be seen. This is particularly true for Italy which has buildings characterised 

by rather poor thermal performance. 

 
Table 14.1: Summary of Krause’s results (1999) for savings potential in electrical end uses in 2010. 

 

Sector Consump-

tion found  

Consump-

tion 

forecast 

Technical 

savings 

potential 

Achievable savings 

potential 

Economic savings 

potential  

1995 2010 2010 2010 2010    

TWh TWh TWh %2010 TWh %2010 TWh %2010 

Residential 57 80 40 50% 22 27%   

Services 62 102 53 51% 23 23%   

Industrial 125 153 60 39% 21 13%   

Total 243 335 153 46% 66 20% 46 14% 

Source: eERG (2007) 

 
Table 14. 2: Technical savings potential of electrical energy in 2020 estimated from the 

point of view of costs. 
 

Sector 

Final use 

Residential Commercial 

services 

Public 

services  

Industrial Total 

[TWh/year] [TWh/year] [TWh/year] [TWh/year] [TWh/year] 

Lighting 4.5 20.7 4.7 15.5 45.4 

Electric motors 1.1 10.7 1.0 26.6 39.4 

Household 

appliances 

7.5 0.0 0.0 0.0 7.5 

Other 0.0 5.9 1.6 3.2 10.7 

Total 13.1 37.2 7.3 45.3 103.0 

 
Table 14. 3: Summary of results of the eERG estimate of forecasts for 2020 

and comparison with Krause’s results (1999) for 2010 projections. 
 

 Consumption  Potential saving 

recorded in the Business 

as usual scenario 

achievable economically 

advantageous 

 TWh TWh TWh % TWh % 

eERG (2006) (2020) (2006-2020) (2006-2020) 

 317 423 98 23% 83 20% 

Krause (1995) (2010) (1995-2010) (1995-2010) 

 243 335 66 20% 46 14% 

Source: eERG (2007) 
 

The same can be said for the transport sector which presents ample margins for 

intervention both with regard to a shift to more efficient means of transport and making use 

of more rational mobility management.  

The 20% increase in energy efficiency by 2020 decided by the Heads of Government of 

the EU in March 2007 represents a credible and economically interesting target. This also 

holds true as far as Italy is directly concerned where, as shown by various studies, there is 

high savings potential. 

 

14.4 TECHNOLOGICAL IMPROVEMENTS: FACTOR 4 AND BEYOND 

The technologies available on the market present very differentiated specific consumption 

for parity of end use. It is not unusual for the best models to present consumption that is 

halved, and for some technologies figures are reached equal to a fifth of the average.  
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There are therefore ample possibilities of directing the market towards more efficient 

solutions and they allow a clear economic advantage to be guaranteed for customers and for 

society. 

In the sector of household appliances there are products that consume 4.5 times less than 

those used currently. This is true of refrigerators with A
++

 models.  

A similar evolution in consumption concerns the world of lighting. In this case we do not 

see a gradual improvement in technology but progressive technological leaps. Today‘s 

incandescent light bulbs last 1,000 hours and guarantee 12 lumen/W, while compact 

fluorescent light bulbs (Cfls) have a life span 10 times longer and a yield of 55 lumen/W, a 

lighting efficiency that actually doubles and a life span that triples with Leds, a technology 

that has a great future. There are therefore the conditions for the progressive elimination of 

incandescent lightbulbs with a clear economic advantage also thanks to a progressive 

reduction in the costs of competing technologies. Over the last decade Cfls have already seen 

a decided fall in sale prices (Fig. 14.5) and Leds, which are still decidedly dear (ten times 

more so than Cfls), record a 10% price reduction per year. 

 

 
 

Fig. 14.5: Trend in real prices of energy efficiency measures during the realisation of the 
United Kingdom‘s savings programmes (source Lees, 2006). 

 

Although not so visible, many other applications allow remarkable savings. This is true of 

circulation pumps, which in Italy alone absorb 2.4 billion kWh per year, equal to about 1% of 

overall electricity consumption. Thanks to the recent introduction into the market of latest 

generation very high efficiency pumps consumption can be reduced by 10 times (Fig. 14.6). 

Now let us consider motorcars. In this case too technological development has allowed 

significant reductions in consumption to be achieved. For example in Europe there has been a 

fall of 14% in the specific consumption of the models sold in 2006 compared to those put on 

the market in 1995 (Fig. 14.7). But there is still plenty of room to improve performance and 

the European Commission has proposed a further reduction of 19% by 2012. So make way 

for very low consumption models. In 2009, for example, a German car, the Loremo, should 

start production, with consumption equal to 1.5-2.7 litres per 100 km, three times less than 

the average consumption of new cars currently on sale (http://www.loremo.com). 

Moreover, although high efficiency technologies are generally more expensive, their 

progressive proliferation implies a reduction in production costs and of commercial prices. 

This trend has been studied for many technologies, leading to the definition of ―learning 

curves‖ that allow the reduction to be estimated of costs and prices as the overall volume of 

sales increases (see Fig. 14.5). 

http://usinfo.state.gov/journals/ites/0706/ijee/%20http:/www.loremo.com
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Fig. 14.6: Consumption by water circulation 
pumps (source: eERG, Politecnico Milano). 

 

Fig. 14.7: Reduction in consumption by cars 
(European cars in blue, Japanese in yellow and 
Korean in red) sold in Europe from 1995 to 
2006 (source: T&AND, 2007). 

 

Another aspect should also be considered. When efficiency improvement is tackled not 

only on a technological scale, but systemically, analysing the entire design of a building or 

the working of a production cycle, not only can extraordinarily good results be achieved, but 

sometimes also with surprises from the point of view of costs. Think of a building with very 

low energy consumption in which progressively introducing efficiency measures allows the 

point to be reached at which it is possible to avoid installing the boiler permitting a reduction 

in costs (see Fig. 14.8). 

Finally the fact should be 

stressed that the introduction 

of more efficient technologies 

allows energy imports to be 

reduced. For countries 

lacking in fossil resources it 

is quite reasonable to push for 

conversion yields to be 

raised, even if this involves a 

greater commitment of initial 

capital. In a climate friendly 

context, the availability of 

high or very high efficiency 

products in this segment will 

represent an ever more 

important element to improve 

companies‘ placing in the 

international market. So apart from the immediate advantage for customers and for society, a 

courageous policy on this front favours the creation of a competitive context for industry. 

 

14.5 ENERGY EFFICIENCY POLICIES 

To overcome the information and cost barriers that prevent more efficient products 

spreading various policies have been put into action. 

 

 

 

Fig. 14.8: Possible cost reduction thanks to a systemic 

approach in energy efficiency intervention (source: Lovins, 

2005). 
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a) Incentives, tax instruments 

One of the most common steps taken to allow access for efficient but more expensive 

products consists in envisaging incentives that can take the form of discounts, tax deductions, 

incentives aimed at customers or at the firms that produce efficient technologies. 

In Italy, for example, in the 2007 Budget – then extended up to 2010 – the possibility was 

introduced of deducting 55% of the expenses for a series of interventions to reduce energy 

consumption in buildings. 

Tax leverage can be applied to favour low consumption technologies and to discourage 

the use of more energy guzzling ones. This is an instrument used in some countries to direct 

choices in the car market. 

 

b) Standards 

The elimination from the market of products that do not guarantee minimum energy 

performance or fixing maximum consumption levels represents another tool that has proved 

to be very effective. 

In the USA the use of standards for electrical appliances, first at the single state level and 

then at federal level, has led to significant results. Indeed it has been calculated that the 

regulations already in place will have the effect of reducing peak demand by 144,000 MW 

and electrical consumption by 9% in 2020, with a cumulative net saving estimated at 230 

billion dollars in 2030 (Aceee, 2006). 

Let us analyse, for example, the trend in refrigerator sales in the United States over the 

past 30 years. Thanks to the introduction of ever more stringent limits on the models on sale 

today they consume just over a quarter and cost half compared to 1975 models (see Fig. 

14.9). 

Another example concerns the planned elimination in many countries of incandescent 

lighting over the next few years. In Europe alone this measure would allow economic 

advantages of 10 billion €/year. 

In the field of construction 

new regulations have been 

passed which have made new 

buildings progressively more 

efficient. In Italy, with legislat-

ive decree No. 311/2006 

thresholds for winter consump-

tion in new buildings have been 

introduced for 2010 equal to 

half the figures allowed in 

2005. And the prospects are 

that there will be further 

tightening of the rules. 

Let us consider the United 

Kingdom which, after constant-

ly reducing the consumption 

levels of new buildings (see Fig. 

14.10), has presented a proposal that envisages that from 2016 only ―carbon neutral‖ 

buildings can be put up, i.e. buildings that can lower carbon dioxide contributions to zero 

thanks to a mix of energy efficiency measures and the use of renewable sources. This is a 

very ambitious target, especially since lowering the carbon dioxide emissions to zero does not 

only refer to summer air-conditioning and winter heating, but also to hot water production, 

lighting and household appliances (see Fig. 14.11). 

Fig. 14.9: Development of consumption, size and price of 

refrigerators sold in the USA (source: David Goldstein, 

Natural Resources Defense Council, USA). 
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Fig. 14.10: Limits on consump-
tion for heating rooms and water 
in new buildings in Great Britain 
(source: Shorrock 2005). 
 

 

 

 
 
 
 
 
Fig. 14.11: Percentages of carbon 
dioxide emission reduction for new 
British dwellings between 2010 and 
2016 (the negative figure for 2016 
derives from the need also to 
compensate emissions linked to 
household appliances and lighting) 
(source: UK 2007). 

 

c) Labels 

Indicating consumption with appropriate labels represents a powerful information tool for 

ordinary consumers. 

An example of positive transformation of the market occurred with the introduction of 

energy labels for electrical appliances. Only 7 years ago the percentage of class A 

refrigerators (the best, according to EU labelling which selects products according to their 

energy efficiency) was totally marginal in Italy. Thanks to clear information on the economic 

advantages deriving from low consumption consumers‘ choices have changed so much that in 

2007 sales of Class A or A
+
 refrigerators accounted for more than three quarters of the total 

(see Fig. 14.12) allowing electricity consumption to be reduced by 3.4 TWh/year, 

corresponding to the production of an average sized power plant. The same trend occurred at 

a European level. 

Similarly we can expect a similar push towards energy quality with energy certification of 

buildings, which from 2009 will be compulsory not just for new buildings but for all 

apartment sales. 

 

d) Saving requirements and white certificates 

Several countries have defined saving requirements for energy distributors or producers. 

In Europe this road has been chosen by Italy, France, Britain, Ireland, Denmark and Holland. 

Our country has proposed an original solution introducing a mechanism of ―energy 

efficiency bonds‖ or ―white certificates‖ which envisages the possibility of saving operations 

being carried out both by electrical energy and gas distributors and by energy service 

companies (ESCOs) and for the bonds themselves to be marketed. Given the good results 

from white certificates, which in the three years 2005-2007 led to savings above expectations, 
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the requirements have been raised, doubling the target from 2.9 Mtoe/year in 2009 to 6 

Mtoe/year in 2012 (see Fig. 14.13). 
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Fig. 14.12: Trend in sales of 

refrigerators in Italy disaggreg-

ated by class of efficiency. 

 

 

  
 

Fig. 14.13: Energy saving targets for Italian 
electrical energy and gas distributors in 
2012. 

Fig. 14.14: Results in terms of reduction 
in consumption and power of the DSM 
programmes in the USA (elaboration of 
DOE data). 

 

14.6 LEADING PLAYERS IN THE CHANGE 

 

a) Energy companies 

Thanks to a regulatory framework that encourages the direct involvement of electricity 

and gas companies in energy saving steps with their own customers (―demand side 

management‖), in the USA since the ‘70s utilities, large and small, have been extremely 

active in the field of energy efficiency. The savings achieved reached 65 TWh/year (1.6% of 

total consumption) in 2006, with a power saving equal to 28 GW (see Fig 14.14). Annual 

investments have fluctuated over the past decade between 1.5 and 2.1 billion $. From the 

economic point of view, according to the Electric Power Research Institute, the average cost 

of the energy preserved by the DSM programmes was 0.036 $/kWh, that is to say less than 

half the cost of electrical energy production. 

 

b) ESCO 

Over the past 30 years in the USA a flourishing energy efficiency market has developed 

thanks to the role of ESCOs (Energy Services Companies), private companies set up with the 

task of achieving energy savings, mainly by intervening with medium to large sized 
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customers, thus excluding the residential sector. These operators are remunerated in 

accordance with the savings achieved. American ESCOs have had a very rapid growth, 

except for a slowdown in the period 2000-2004, which in 2006 led to a volume of business of 

3.6 billion $, of which 2.5 billion $ in the field of energy efficiency (see Fig. 14.15). 
 

 

      

 

 

 

 

 

 
Fig. 14.15: Turnover of 

ESCOs in the United States 

(source: LBL, 2007). 

 

 

An economic analysis of the projects implemented has shown the effectiveness of the 

programmes, with a ratio between the benefits from savings achieved and total costs borne of 

1.6 in the public sector and 2.1 in the private sector (see Fig. 14.16). 

The ESCO experience has also spread, in an uneven fashion, to other countries including 

Germany, Brazil, Japan, Canada and China. Recently in Italy too this kind of company is 

emerging, although for now they are prevalently small firms set up to seize the opportunities 

deriving from savings requirements for electrical energy and gas distributors.  
 

 

 

 

 

 

 

 

 
Fig. 14.16: Ratio between benefits and costs for 

interventions in the private sector by ESCOs in 

the USA, considering a 10% discount rate 

(source: LBL, 2002). 

 

 

c) Companies 

Some companies have understood how a strategy aimed at increasing energy efficiency 

can bring considerable economic advantages. We cite some experiences known at an 

international level.  

Between 1990 and 2002, IBM put into effect energy efficiency measures that allowed 

savings equal to 13 TWh and lower expenditure of 729 million dollars. In 2004 DuPont used 

7% less energy than in 1990, despite a 30% increase in production, while Dow saved 3.3 

billion $ thanks to energy efficiency operations that reduced energy demand by 22%. ST 

Microelectronics can claim continuous improvements with regard to energy saving, having 

achieved (at unchanged production) a reduction in consumption equal to 29% in the period 
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1994-2000. Philips reduced its energy intensity by 26% over 10 years, while 3M in the period 

1990-2006 reduced its consumption by 50% per unit of turnover. 

These are only some of the examples that show how a mindful company policy can lead 

to significant results in terms of reducing consumption. 

 

14.7 CONCLUSIONS 

The challenge for the next few years concerns the management of energy demand so that 

energy can be used efficiently. It is also necessary to set ourselves the target of limiting use to 

when the energy is really needed and consumption to the level where it is really necessary. A 

challenge that may allow enormous economic savings but that must be tackled in a broader 

way than by simply introducing ever more efficient technologies, even though this can lead to 

extraordinary results. 
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15. Final considerations 
 

 

15.1 INTRODUCTION 

Italy‘s last national energy plan was drawn up in 1988. It was a year after the referendum 

abrogating the laws that encouraged nuclear and coal based power had passed
69

 and the price 

of oil had settled between $20 and $30 dollars per barrel. Climate change was not much 

talked about yet, even though the Intergovernmental Panel on Climate Change (IPCC) was 

founded that same year. 

It is rather odd that a country that depends on oil for 43% of its consumption, and on 

natural gas for another 36%, should not have laid down any energy policy directives over the 

past 20 years, while still complying with a free market in energy. The oddity lies in the 

following points: 

1)  most of the fossil fuels that we consume are imported; 

2)  today the price of oil has risen above $100 a barrel and it will continue to rise given that 

demand will continue to grow due to the increase in consumption and the growth of the 

developing nations; 

3)  the absence of national nuclear production penalises our country in view of the need for a 

strategy based on a more balanced energy mix;  

4)  Italy signed the Kyoto protocol in 1998 and ratified it in 2002 along with the other EU 

states. The agreement envisages a reduction in greenhouse gas emissions of 6.5 % by 

2012, on the basis of the emissions recorded in 1990. However over the past few years 

the necessary steps have not been clearly defined and those implemented recently do not 

seem sufficient to allow us to respect the agreement. 

It would therefore seem essential for our country to provide itself quickly with a balanced 

and long sighted ―National Energy Plan‖, drafted with the participation of representatives of a 

very wide political base so as to virtually nullify the risks of second thoughts due to bias or at 

a local level. It should be pointed out in this context that the timescales required in order to 

build power stations and electrical power lines are long (around ten years) and that anyone 

asked to make considerable investment with long term returns needs firm decisions and 

certainty with regard to legislation and licensing. 

 

15.2 THE EUROPEAN REFERENCE FRAMEWORK 

Demand for energy, which can reasonably be expected to continue growing over the next 

few years, cannot be satisfied, worldwide, by traditional technologies, without massively 

increasing pressure on the environment, on mankind‘s health and on security of supply. It 

will therefore be necessary for technologies capable of satisfying demand, while reducing 

such pressure to a minimum, to take on a dominant role. 

                                                 
69

 In the referendum of 8-9 November 1987 the Italian electorate abrogated by a considerable majority the 

following three laws which were voted on: 1) attributing to the CIPE (Interministerial Committee for Economic 

Programming) the power to decide sites for the construction of nuclear electricity plants, if the Regions failed to 

do so; 2) authorising ENEL to pay to the Regions and Local Authorities contributions proportional to the energy 

produced within their territory by nuclear or coal fired power plants; 3) allowing ENEL to ―promote the 

construction‖ of nuclear electricity plants ―with foreign companies or organisations‖ or also to ―undertake joint 

ventures with the objective of building and running nuclear electricity plants abroad‖. The referendum was then 

interpreted by Parliament, by later government decrees and regulations, leading to the closure of the country‘s 

nuclear power plants. 
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In 2007, in particular, with the European Commission‘s document ―An energy policy for 

Europe‖ (10 January 2007) and with the later conclusions of the Presidency of the European 

Council (8-9 March 2007), energy policy objectives for Europe were identified, including the 

encouragement of environmental sustainability and the battle against possible climate 

changes. Moreover with the SET Plan of 22 November 2007 and with the ―Climate-Energy 

Package‖
70

 of 23 January 2008, the European Commission proposed a strategic plan for 

energy technologies, aimed at equipping Europe with a research programme in the energy 

field, and suggested further proposals for implementing the commitments undertaken by the 

European Council in the fields of battling possible climate changes and fostering renewable 

energies. 

In very brief summary the following objectives indicated in these documents are: 

 a reduction in greenhouse gas emissions by at least 20% by 2020 and by 50% in 2050, 

compared to 1990; 

 increased security of energy supply; 

 increasing energy efficiency in order to achieve energy consumption savings of 20% 

compared to projections for 2020; 

 arriving at a 20% share of total energy consumption for renewable energies by 2020; 

 arriving at a minimum share for biofuels equal to 10%, in terms of energy equivalence, of 

the total annual consumption of petrol and diesel for transport fuel by 2020;  

 the recognition that nuclear energy ―is indispensable in order to guarantee in the medium 

term the base load in Europe‖ and ―to pursue the objectives in the field of greenhouse gas 

reduction‖; 

 sustainable use of fossil fuels with, if possible by 2020, the capture and eco-sustainable 

storage of carbon dioxide; 

 the launch of a series of European industrial initiatives, focusing on the development of 

energy technologies for which cooperation at a community level constitutes added value. 

On the basis of these documents it also appears evident that it is not possible for any 

European state to adopt a single solution for energy production but it is instead necessary and 

appropriate to use an energy mix that takes into account economic, regional, infrastructure 

and environmental factors and also the real availability of resources in the short and long 

term. It is precisely in this framework that the current European programme with regard to 

energy has taken shape. 

 

                                                 
70

 The ―Climate-Energy Package‖ includes: (1) a proposal to modify the directive on the Community system of 

exchanging greenhouse gas emission quotas; (2) a proposal on the allocation of the efforts to be undertaken in 

order to fulfil the Community‘s commitment to reduce greenhouse gas emissions unilaterally in sectors not 

included in the Community‘s emission quota exchange system (such as transport, construction, services, small 

industrial plants, agriculture and refuse); (3) a proposed directive to promote renewable energies, in order to 

contribute to the achievement of both the emission reduction targets indicated above. 

A proposal on how to discipline legally the capture and storage of CO2 and a new Community discipline of state 

aid for environmental protection are also part of the package. 

The measures foreseen will increase the usage of renewable energy sources in all countries and will impose 

legally binding targets on governments. In particular, a target is fixed at an EU level of 20% as a share of energy 

from renewables, compared to final consumption, by 2020 (compared to 8.5% currently) and efforts are fairly 

shared between the member states. This proposal, moreover, eliminates the obstacles to the growth in renewable 

energies (for example, simplifying the procedures for licensing new developments in the sector) and encourages 

the best renewable energies (for example, fixing environmental sustainability criteria for biofuels). Thanks to a 

reform of the emission quota exchange system, which will impose a maximum limit on emissions at a 

Community level, all those mainly responsible for CO2 emissions will be encouraged to develop cleaner 

production technologies. The legislative package is designed to allow the European Union to reduce its 

greenhouse gas emissions by at least 20% by 2020, as decided by the European heads of state and government 

in March 2007. 
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15.3 PROJECTIONS OF ENERGY CONSUMPTION AND PRODUCTION UP TO 2020 

 

15.3.1 The electrical sector 

In the absence of a ―National Energy Plan‖
71

, we have estimated electrical energy 

consumption in 2020 assuming, as discussed in par. 11.6, a consumption growth rate which is 

constant and equal to 1.0%/year. Although it is not easy to make forecasts for the future we 

believe it is a reasonable estimate since it is to be hoped that in the period examined there will 

be a growth in gross domestic product of at least equal size. 

On the basis of this hypothesis for growth, total gross consumption of electrical energy in 

Italy 2020 would be 413 TWh, with an increase of 54 TWh compared to 2006 consumption 

(which was 359 TWh). In Table 15.1 we give a reasonable forecast of the electrical load in 

2020 divided between the various energy sources, together with the situation in 2006 for a 

useful comparison. 

 
Table 15.1: Estimate of electrical load coverage in Italy by 2020 in the hypothesis of 

a constant growth rate of 1.0%/ year compared to the 2006 level. 
 

 2006 2020 

 TWh % TWh % 

Hydroelectric from natural 

contributions 

37.0 10.3% 43 10.4% 

Geothermal 5.5 1.5% 7 1.7% 

Wind  3.0 0.8% 20 4.8% 

Solar  0.0% 10 2.4% 

Biomass and refuse 6.7 1.9% 16 3.9% 

Renewable production 52.2 14.5% 96 23.2 % 

Hydroelectric from pumping 6.4 1.8% 7 1.7% 

Imported nuclear 45.0 12.5% 60 14.5% 

 Solid fuels (coal) 44.2 12.3% 72 17.4% 

Natural gas  158.1 44.0% 157 38.0% 

Gas derivatives 6.2 1.7% 6 1.5% 

Oil products  33.8 9.4%  0.0% 

Other fuels 12.1 3.4% 13 3.1% 

Other sources 1.0 0.3% 2 0.5% 

Thermal production 255.4 71.1% 250 60.5% 

TOTAL GROSS PRODUCTION 359.0  413  

 

The forecast increase in gross production could be achieved by an increased contribution 

from renewable sources (from 14.5% to 23.2% of annual requirements) and from imported 

nuclear power (from 12.5% to 14.5%). On the other hand thermal output falls from 71.1% to 

60.5%. 

In particular the contribution of renewables could be achieved above all by an increase in 

wind power (+17 TWh), solar power (+10 TWh) and biomass and refuse (+9.3 TWh). The 

forecast growth for geothermal power (+1.5 TWh) is more limited, given that the power level 

is linked to the potential of the geothermal fields already exploited. The increase in 

waterpower from natural sources is also limited (+2 TWh compared to the average over the 

past ten years). 

In this context we point out that: 

                                                 
71

 On 10 September 2007 the Italian Government distributed a position paper (a summary is given in the 

Annexe) with the aim of reaching three final targets – the battle against possible climate change, security of 

supply and fostering European competitiveness – in an integrated way. 
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a) The estimated increase in production from renewables is equal to about 84% of current 

production (+43.8 TWh compared to a production of 52.2). Bearing in mind that the 

expected 60 TWh of nuclear energy would be imported, the contribution to annual energy 

production due to renewable sources would be 27,2%. This percentage would rise to 

about 29% adding in the contribution from pumped hydroelectric power. 

This represents a considerable challenge to the country‘s capabilities of ―establishing‖ 

and, above all, ―licensing‖ procedures. The possibility of reaching this goal will depend 

substantially on the success of incentive policies which should be weighted appropriately 

between the various sources in order, on the one hand, to favour arriving at the 20% share 

of total energy consumption fixed by the EU and, on the other hand, to encourage the 

development of innovative technologies that will allow Italian industry improve its 

international standing. 

b) The potential for solar photovoltaic technology is enormous (over 100 TWh worldwide 

according to authoritative estimates), but at the moment, in the absence of a technological 

breakthrough, it is difficult to imagine that it can arrive at mass usage for at least another 

two decades. 

The optimisation of the whole production line of silicon based modules, the entry into the 

market now of new technologies such as thin film and solar concentration and, not least, 

the introduction of economies of scale and competition in installation, should, in the 

medium term, lead to a significant drop in costs per photovoltaic kWh. There are no 

particular problems with transport and shipping, since electrical photovoltaic generation 

is daytime production, in step with consumption, geographically widespread, close to the 

end user, and therefore without transport costs. 

However, the distribution networks should become two-directional in order to accept a 

substantial percentage of distributed generation (solar photovoltaic and micro co-

generation) 

c) Thermodynamic solar energy is expanding rapidly and has interesting potential with 

regard to overall performance, especially if we can reach temperatures in the collector 

above 500°C, as in the Archimede (ENEA-ENEL) project which uses molten salts. 

Moreover, by accumulating thermal energy as a hot thermovector fluid, it should be 

possible to avoid, at least partially, the variations in electrical energy output due to 

variations in sunshine. If only direct radiation is used, power plants should however only 

be installed in the sunniest areas of the country, and there is still the limit of current 

uncertainties about their life span and reliability, particularly if molten salts are used, 

which are rather aggressive in terms of thermo-mechanical stress and corrosion. 

d) For electricity production from biomass our country should aim for small-scale co-

generation plants, 2-300 kW÷1-2 MW, in mountain or rural areas, in order to exploit as 

efficiently as possible the local availability of raw materials, and should invest, as a top 

priority, in the thermoconversion of solid waste in urban areas. 

e) On the basis of the CESI estimate of a potential installation of about 10 GW of wind 

power capacity from on-shore plants, the land-based contribution of wind power could be 

about 10 TWh by 2020. 

The market for off-shore wind power has development margins higher than land based 

wind power although plant costs are on average 50% higher. We forecast a production by 

2020 of 10 TWh, equal to land based wind power. 

Wind power is in any case a niche market: its development requires adaptations of the 

infrastructure for electricity transport which would make the system capable of absorbing 

production peaks and also sudden falls in production. 
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f) The exploitation of Italy‘s residual hydroelectric potential ought certainly to be 

encouraged, even though in this sector weather and climate factors are probably 

predominant compared to controllable factors. 

g) Italy is a country that imports, but does not produce, power from nuclear fission: currently 

12.5% of imported electrical power is due to the use of nuclear fission, thanks to the full 

time working of 6 French 1000 MWe nuclear plants. 

It would therefore be necessary to increase the capacity of links with France in order to 

raise the share of imported nuclear energy from the current level of 45-50 TWh up to 60 

TWh, corresponding to 14.5% of total requirements by 2020. 

It would also be useful to follow an intelligent strategy to reopen the nuclear option 

installing III generation reactors in Italy alongside a more decisive policy of participation 

in international research into IV generation reactors. This would require some essential 

conditions: the creation of technological infrastructures for research and development and 

for personnel training; the reorganisation of licensing and supervision procedures with 

more favourable and encouraging practices; shared and long lasting strategical choices; 

the application of a programme for decommissioning old plants; the identification of sites 

for new plants and for national radioactive waste deposits. 

h) Coverage of the remaining 250 TWh of the estimated demand of 413 TWh (equal to 

60.5% of the total) can only come from fossil fuels, mainly coal and gas, given that it is 

expedient to eliminate fuel oil plants. 

From this point of view it would be useful to increase the diversification of energy 

sources by converting ENEL power plants at Civitavecchia and Porto Tolle to coal. The 

share for coal would thus increase to 72 TWh, while still keeping its percentage share 

under 18%. 

i) Limiting the upward trend in consumption, together with achieving the targets outlined 

above for renewable sources, and for interconnection with foreign countries and for coal, 

would allow the country to dispense with its dependence on oil products without an 

excessive increase in natural gas consumption. 

In any case gas would still be the fundamental element in the electrical balance sheet, in 

the sense that it is this source, the most important in percentage terms (around 40%), that 

will be called upon to cover any energy quotas not covered by other sources, and also to 

provide the energy due to any demand higher than that estimated. Any restraints on 

natural gas production would be linked not so much to the capability of the generation 

plants, which are currently underused, but by the availability of the fuel. For this reason it 

is essential that Italy equip itself with import possibilities alternative to gas pipelines by 

setting up an adequate number of regasification terminals. 

j) Nuclear fusion is not an energy option available in the time scale used here. Indeed, even 

if ITER the international research project were to succeed in igniting a magnetically 

confined plasma there would still be many more engineering obstacles to be overcome in 

order to produce, exchange and distribute energy at competitive conditions and prices. 

Italy should nevertheless participate actively in the international research phase into 

nuclear fusion, in order to approach the goals of application and commercial use. 

 

15.3.2 The transport and heating/cooling sector 

The transport sector depends mainly on hydrocarbons
72

. In this case the contribution of 

electrical energy is marginal; all attempts to use hydrogen have proved unfruitful, 

                                                 
72

  Recent forecasts confirm the dominance of fossil fuels, also because, at the recent World Energy Congress, 

which took place in Rome in November 2007, it was confirmed that the available oil reserves are far greater 

than some of the pessimistic and unjustified forecasts put forward in the second half of the last century. 
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technologically inadequate and often confused; the use of currently available biofuels has 

been slight. 

Currently in this sector we see, presumably because of massive growth in fuel prices, a 

tendency for energy consumption and CO2 emissions to stabilise. 

In the short term, we can only think of introducing a plan for transport rationalisation and 

a careful policy improving the efficiency of the vehicles involved. 

For heating/cooling it would be advantageous to exploit as far as possible the local 

availability of biomass for small-scale co-generation plants for the production of steam and 

hot water for mountain and rural communities. In the large urban areas it would be extremely 

desirable to make priority investments in thermal conversion of domestic solid refuse for the 

co-generation also of steam and hot water to be backed up by industrial networks (especially 

for small to medium companies) and civil networks (district heating). 

 

15.4 ITALY’S COMMITMENTS BY 2012 AND 2020 

As we have frequently stated before, with the application of the Kyoto Protocol, Italy 

undertook to reduce its greenhouse gas emissions by 6.5% compared to 1990 levels, by 2012. 

Since emissions have continued to rise from 1990 to 2006
73

, the reduction target at the 

beginning of 2007 was equal to 17% compared to 1990 emissions (and to 15.4% compared to 

2006 emissions) (see Table 15.2). 
 

Table 15.2: Overall summary of the undertaking for the Kyoto Protocol. 
 

1990 Emissions 519.5 Mt-CO2-eq 

2006 Emissions 574.1 Mt-CO2-eq 

Kyoto Objective (93.5% of 1990 emissions) 485.7 Mt-CO2-eq 

Distance to Objective (2006 Emissions – Objective) 88.4 Mt-CO2-eq 

 

Moreover the reference framework for 2020 outlined in section 15.2 means that Italy 

must adopt a combination of priority measures and relative strategies to reduce greenhouse 

gas emissions, increase energy efficiency, and promote renewable energies as summarised in 

Table 15.3. 

To shorten the distance from the target, action was taken in 2007 (use of the emission 

trading
74

 and sink
75

 system, resorting to flexible mechanisms abroad
76

, incentives for solar 

photovoltaic energy, efficiency measures, measures to encourage use of biofuels, co-

generation measures) which should produce a reduction in emissions of 47.4 Mt-CO2-eq. 

                                                 
73

 The emission data for 2007 are not yet known officially. 
74

 The European Directive CE/2003/87 of 13/10/2003, in application of the Kyoto Protocol, established from 1 

January 2005 the principle of CO2 emission quotas, that actually represent a license to emit greenhouse gases, 

defined and quantified for each company involved. This license, aggregated at a country level, contributes to the 

global reduction of CO2 emissions with targets both at a national level (through an Allocation Plan, already 

operative in Italy) and at a Community level. Every company subject to the legislative constraints contemplated 

by this directive is allotted, every solar year, a specific quantity of tonnes of CO2 that it is authorised to emit. At 

the end of every solar year, the emissions actually produced must ensure parity with the authorised emissions. 

Those who have released more emissions than their quotas owned can buy the missing quotas by bilateral 

agreements or in organised markets. 
75

 Sinks are the CO2 absorption by forests, by the soil and by vegetation. 
76

 The costs necessary to avoid the emission of a tonne of CO2 are not identical everywhere. In the developing 

countries or the countries of central and Eastern Europe, for example, greater reductions can be achieved with 

the same investment. Bearing this fact in mind, the flexible mechanisms of the Kyoto Protocol allow the 

industrialised nations to achieve part of their reduction commitments with climate protection projects carried out 

abroad and by trading emission rights, thus considerably reducing costs. 
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Therefore, if we wish to continue down this road, new measures would be necessary to 

achieve the further reduction of 41.0 Mt-CO2-eq forecast in Table 15.2 by 2012. 

 
 

Table 15.3: Overall summary of the undertaking for 2020. 
 

National target A: greenhouse gas emissions  

Trend scenario by 2020 625.00 Mt-CO2-eq 

2020 Objective (80% of 1990 emissions) 415.6 Mt-CO2-eq 

Distance to Objective (2020 Emissions – Objective) 209.4 Mt-CO2-eq. 

 

National target B: energy efficiency  

Primary energy demand in 2005 197.8 Mtep 

Forecast for 2020 225.00 Mtep 

Objective for 2020 (80% of the 2020 forecast) 180.00 Mtep 

Reduction compared to 2020 requirements 45.00 Mtep 

Reduction compared to 2005 energy 17.8 Mtep 

 

National target C: renewable sources 

Primary energy demand in 2005 197.8 Mtep 

Objective for 2020 reduced by objective B 180.00 Mtep 

Contribution of renewables to 2020 requirements 36.00 Mtep 

Increase over current contribution (14 Mtep)  22.00 Mtep 

 

 

With regard to the objectives indicated in Table 15.3 we point out that: 

a) In the electrical energy production sector, the mix of primary sources suggested in Table 

15.1, centered on the development (over 23% or requirement) of renewable energy 

sources, on increased imports of nuclear fuel and on keeping the contribution of coal to 

less than 18%, would allow target C to be reached and for CO2 emissions not to increase 

compared to 2006, but not to reduce them compared to 1990. In this sector, in the short 

term, the only feasible policy seems to be the purchase of emission credits in the open 

market, which would leads to an inevitable increase in production costs and would 

consequently penalize Italian businesses and consumers. 

In the longer term – but probably not by 2020 – target A could be reached by an 

appropriate combination of the three main options available, that is to say: implementing 

technologies for the capture and storage of CO2, setting up a considerable body of nuclear 

plants and – if there were to be a substantial reduction in costs – using solar energy. 

b) In the residential, industrial and service sectors, measures should be taken which might 

lead to a reduction in electricity consumption and an increase in energy and electric 

efficiency, exploiting the growth of primary energy costs. 

The action set out so far does not seem adequate in order to reach the targets laid down by 

the European Union. 

To make it more effective it would be opportune to define a framework dividing the 

reduction commitments between the various sectors, with the more active participation of 

the Regions, Provinces and Municipalities. 

c) In the transport sector, carefully aimed measures are needed in order to arrive at 

substantial emission reductions. Possible strategies include improving vehicle 

technologies, reducing vehicle size, developing alternative fuels, limiting speed and in 

general a new transport model encouraging rail and water transport. 
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ANNEXE: THE POSITION PAPER OF THE ITALIAN GOVERNEMNT 

 
On 10 September 2007 the Italian government transmitted a Position Paper to the 

European Commisioner Andrejs Piebalgs containing its estimate of the levels for renewable 

energy sources which could potentially be achieved by our country and the data to start 

negotiations on the distribution between the EU member states of the undertakings in the 

energy field established by the European Council on 8-9 March 2007. 

The document indicates the maximum potential achievable by renewable sources by 

2020, divided between the various sources and technologies. In extreme summary this 

distinguishes the contributions to the electricity sector, to the heating/cooling sector and to 

the transport sector. 

The added potential for the electricity sector by 2020 is estimated at 54 TWh, for a 

maximum theoretical total of 104.18 TWh, equivalent to 8.96 Mtoe. The total installed power 

from ―electrical renewables‖ would be over 46,000 MW (in 2005, the reference year, it was 

just under 21,000 MW). 

Instead for the heating/cooling and biofuel sectors a maximum theoretical national 

potential is estimated at 12 Mtoe, of which only 0.6 Mtoe refers to nationally produced 

biofuels. 

Therefore the country‘s maximum theoretical potential for renewables by 2020 is 

estimated in total at 20.97 Mtoe, while in 2005 it was valued at 6.71 Mtoe. 

 
Table 1: Summary of the country’s potential production from renewable 

sources.  
 

 2005 

[Mtoe] 
2020 

[Mtoe] 

Electricity 4.29 8.96 

Heating and cooling 2.12 11.40 

Biofuels 0.30 0.61 

Total 6.71 20.97 

 
Table 2:Estimate of the country’s potential production of renewables. 

 

 2005 2020 

 Power  

[MW] 

Energy  

[TWh] 

Power  

[MW] 

Energy  

[TWh] 

Hydroelectricity 17,325 36.00 20,200 43.15 

Wind power 1,781 2.35 12,000 22.60 

Solar power 34 0.04 .500 13.20 

Geothermal power 711 5.32 1,300 9.73 

Biomass power 1201 6.16 2,415 14.50 

Wave and tidal power 0 0.00 800 1.00 

ELECTRICITY 20,989 49.87 46.215 104.18 

REPLACED PRIMARY ENERGY 4.29 MToe 8.96 MToe 

     

Geothermal power 8,961 0.21 40,193 0.96 

Solar power 1,300 0.03 47,00 1.12 

Biomasss power 78,820 1.88 389,933 9.32 

HEATING/COOLING 89,036 2.12 477,126 11.40 

BIOFUELS 12,600 0.30 25,600 0.61 

TOTAL 101,636 2.42 502,726 12.01 
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Glossary 
 

ABWR Advanced Boiling Water Reactor. 

ACR  Advanced CANDU Reactor. 

ADS  Accelerator Driven System. 

AGIP Agenzia Generale Italiana Petroli (Italian General Agency for Oil). 

AIN Associazione Italiana Nucleare (Italian Nuclear Association). 

ANPA Agenzia Nazionale per la Protezione dell’Ambiente (National Agency for 

Protection of the Environment). 

APAT Agenzia per la Protezione dell'Ambiente e per i Servizi Tecnici (Agency 

for Protection of the Environment and for Technical Services). 

AP1000 (600) Advanced Passive-1000 (600) pressurised water reactor. 

ARCHIMEDE A project at the Priolo Gargallo (SR) thermoelectrical power plant to build 

a system of mirrors capable of reflecting sunlight onto pipes through 

which a salt-based fluid, which has the property of accumulating heat, 

travels. 

AREVA French multinational operating in the energy field, especially nuclear 

energy . 

Bq (becquerel)  Unit of measure of radioactivity, defined as the activity of a material in 

which there is one decay per second. 1 Bq = 2.7×10
-11

 Ci = 27 picocuries 

(the Curie is another measure of radioactivity).  

BNFL British Nuclear Fuels. 

BOS Balance of systems: this is everything that is required to make the plant 

work: cables, inverter, assembly clamps, etc. 

Broader approach Bilateral EU – Japan agreement aiming to accelerate the development of 

fusion towards the prototype DEMO reactor. 

CANDU CANadian Deuterium Uranium reactor. 

CESI Italian consultancy, planning and engineering firm specialised in the 

electrical energy and environment sector. 

CdTe Cadmium telluride: this is a semiconducting material containing cadmium 

and tellurium used mainly in the form of thin polycrystalline film for 

photovoltaic devices. 

CIGS Copper indium gallium selenide: this is a semiconducting material 

containing copper, indium, gallium and selenium used mainly in the form 

of thin polycrystalline film for photovoltaic devices. 

CIRTEN Consortium of universities (Polytechnic of Milan, Polytechnic of Turin, 

University of Pisa, ―La Sapienza‖ University of Rome, University of 

Palermo) participating in the IRIS project for nuclear fission. 

CIS Like CIGS except that the compound does not contain gallium. 

Clean coal Clean coal is the name given to the most advanced technology, in terms of 

energy efficiency and reduction of polluting emissions, for the production 

of electrical energy from combustion of coal.  

CLFR Compact Linear Fresnel Reflector: a group of flat mirrors which, when 

suitably directed onto a receiver tube, simulate the surface of a linear 

parabolic concentrator. 

CNR Consiglio Nazionale delle Ricerche (Italian National Research Council). 

CSP Concentrating Solar Power: initials used to identify plants and 

technologies for concentrating solar plants. 

http://it.wikipedia.org/wiki/Priolo_Gargallo
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DEMO Prototype reactor after the ITER project for nuclear fusion. 

DOE Department of Energy (USA). 

EC European Commission; The executive branch of the European Union. 

EDF Electricité de France. The EDF Group is an integrated energetic utility, 

which manages all aspects of the electricity business. 

EIA Energy Information Administration of the US government. It produces 

official statistics on energy problems. 

EJ  Exajoule. Unit of energy. 1 EJ = 1 billion GJ (gigajoule).  

ENEA Ente per le Nuove Tecnologie, l'Energia e l'Ambiente: this is a public 

organisation operating in the sectors of energy and new technologies in 

support of the Italy‘s competition and sustainable development policies. 

ENEL ENEL SpA is Italy‘s largest electricity company. 

ENI ENI SpA is an integrated energy company, working in the fields of 

research, production, transportation, transformation and marketing of oil 

and natural gas. 

Enthalpy  State function of a thermodynamic system which expresses the quantity of 

energy that a system can exchange with the environment during an 

isobaric transformation, i.e. during a process that occurs at constant 

pressure. 

EPBT Energy Pay-Back Time: it is the working time of a device (in years) 

necessary for the energy it produces to be equal to that used to create it and 

make it operative in the place where it is used. 

EPR Evolutionary Power Reactor.  

EPS European Physical Society. 

ESCO Energy Services Companies, private companies set up with the task of 

achieving energy savings. 

ESTIF European Solar Thermal Association.  

ETBE Ethyl-Ter-Butyl-Ether.  

ETS Emission Trading Scheme, system for exchanging greenhouse gas 

emission quotas within the European Community. 

EU European Union. 

Euratom International organisation set up, at the same time as the European 

Economic Community), by the treaties of Rome of 25 March 1957 in order 

to coordinate the research programmes of the member states with regard to 

nuclear energy and to ensure its peaceful use.  

FAME Fatty Acid Methyl Ester. 

Fischer-Tropsch An industrial chemical process used to produce synthetic fuels or synthetic  

(reaction) oil from gas mixtures of carbon monoxide and hydrogen ("synthesis gas") 

 in the presence of a catalyst. 

GBq Billions of becquerel. 

GEF Global Environment Facility.  

GIF Generation IV International Forum. 

GJ (giga joule) Unit of energy. 1 GJ= 1 billion J. 

GT-MHR Gas Turbine – Modular Helium Reactor. 

HDR Hot dry rock – a system for producing geothermal energy. 

Hydraulicity Water resources available in the hydrographic basins set aside for 

electrical energy production. 

IAEA International Atomic Energy Agency 

http://it.encarta.msn.com/encyclopedia_761563312/Pressione.html
http://it.wikipedia.org/wiki/Organizzazione_internazionale
http://it.wikipedia.org/wiki/CEE
http://it.wikipedia.org/wiki/Energia_nucleare
http://it.wikipedia.org/wiki/Syngas
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IEA International Energy Agency: this is an international agency, set up in 

1974 with its headquarters in Paris, to promote strategic policies for a 

rational use of energy sources in the Member States. 

IGNITOR High-field machine, designed to produce short pulse ignition experiments 

for nuclear fusion. 

INTD Reactors  International Near Term Deployment Reactors. 

INFN Istituto Nazionale di Fisica Nucleare. (Italian National Institute for 

Nuclear Physics) 

IPCC Intergovernmental Panel on Climate Changes: this is an intergovernment 

scientific body, set up by the World Meteorological Organization (WMO) 

and by the UN Environment Programme (UNEP), which has the task of 

providing politicians with an objective and correct evaluation of the 

technical, scientific and socioeconomic literature available with regard to 

climate change. 

IRFIM International Fusion Materials Facility. 

IRI Istituto per la Ricostruzione Industriale. (Italian Institute for Industrial 

Reconstruction) 

IRIS International Reactor Innovative & Secure. 

IRPEF Imposta sul Reddito delle Persone Fisiche. (Italian personal income tax) 

ITER International Thermonuclear Experimental Reactor: this is an international 

project to build a fusion reactor with a positive energy balance. ITER has 

been under construction since 2007 at Cadarache in France. 

Kerogene Solid state organic matter, contained in fine grain sedimentary rocks (clay, 

marl, limestone and dolomite). The thermal alteration of kerogene in 

geological times gives rise to oil. 

JET Joint European Torus, A joint European undertaking for magnetically 

confined fusion. The JET, set up at Culham in the UK, began working in 

1983 and is still operating. 

kWp Unit of measurement of the power of a photovoltaic device. It corresponds  

(kilo-watt-peak)  to the power that the device puts out when it is in specific working 

 conditions: incident sunlight intensity equal to 1kW/m
2
 and temperature of 

the module equal to 25°C. 

Kyoto protocol International environment treaty concerning global warming signed in the 

Japanese city of Kyoto on the 11 December 1997 by more than 160 

countries at the COP3 Conference of the United Nations framework 

convention on climate change The treaty came into force on 16 February 

2005 after also being ratified by Russia. The treaty envisages the 

requirement for the industrialised nations to effect a reduction in emissions 

of pollutants (carbon dioxide and five other greenhouse gases, i.e. 

methane, nitrogen oxide, hydrofluorocarbons, perfluorocarbons and 

sulphur hexafluoride) by not less than 5.2% compared to emissions 

recorded in 1990 – taken as the base year – in the period 2008-2012. No 

kind of greenhouse gas limitation is envisaged for the less developed 

countries, because such a constraint would slow down or affect their 

growth. The protocol reaffirms however the need to transfer technologies 

and know-how to these countries too. It also binds the signatory nations to 

protect and expand forests to encourage the absorption of carbon dioxide 

emissions. 

Mt-CO2-eq Millions of tonnes of CO2 equivalent. 

MOX Mixed Oxide, a mixture of natural uranium and plutonium. 

http://it.wikipedia.org/wiki/Ky%C5%8Dto
http://it.wikipedia.org/wiki/Convenzione_quadro_delle_Nazioni_Unite_sui_cambiamenti_climatici
http://it.wikipedia.org/wiki/Russia
http://it.wikipedia.org/wiki/Gas_serra
http://it.wikipedia.org/wiki/1990
http://it.wikipedia.org/wiki/2008
http://it.wikipedia.org/wiki/2012
http://it.wikipedia.org/wiki/Plutonio
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MTBE Methyl-Ter-Buthyl-Ether. 

Mtoe Millions of tonnes of oil equivalent (1 Mtoe - Tonne of Oil Equivalent- 

corresponds to 44,7·10
9
 J). 

MWe Electrical megawatt. 

NEA Nuclear Energy Agency. 

nm (nano-metre) Unit of measurement of distance. 1 nm = 1 billionth of a metre. 

NREL National Renewable Energy Laboratory in Colorado (USA). 

NUCLECO Società per l’Ecoingegneria Nucleare (Nuclear Ecoengineering 

Company): this is the Italian organisation for the management of low and 

medium level radioactive waste produced in Italy. 

OECD Organisation for Economic Cooperation and Development. 

OCSE Organizzazione per la Cooperazione e lo Sviluppo Economico (= OECD). 

PBMR Pebble Bed Modular Reactor (a gas-cooled, high temperature reactor 

developed in South Africa). 

Photoconductivity This is the increase in electrical conductivity of non conducting materials 

when they are exposed to light or more generally to electromagnetic 

radiation. 

Photovoltaic  Phenomenon by which two different materials in contact with each other, 

(effect) one of which is a photoconductor, behave like a generator of current when 

light affects the photoconducting material or, more generally, 

electromagnetic radiation. 

PMI Piccola Media Industria (Small medium industry). 

Pour point  Indicates the minimum temperature above which a fluid flows without 

outside assistance. Below the pour point the fluid tends to thicken and no 

longer flows freely. 

PPCS European Fusion Power Plant Conceptual Studies. 

PWR Pressurized Water Reactor. 

RME Rapeseed Methyl Ester. 

SET Plan Strategic Energy Technology Plan. 

SIF Società Italiana di Fisica (Italian Physical Society).  

SNE-TP Sustainable Nuclear Energy Technology Platform. 

SOGIN Società Gestione Impianti Nucleari (Nuclear plant management company). 

Syncrude  Products of the direct liquefaction of coal.  

toe Tonnes of oil equivalent. Conventional unit equal to 10 million kcal with 

which it is possible to express the quantity of any energy source comparing 

its energy potential with that of crude oil. 1 toe = 11,628 kWh and 

corresponds to the annual consumption of electrical energy of about 2-3 

Italian families. 1 toe = 44.7·10
3
 J. 

TERNA Trasmissione Elettricità Rete Nazionale: this is the company responsible in 

Italy for the transmission of electrical energy on the high voltage and 

ultrahigh voltage grid throughout the country. 

NPT  Nuclear non proliferation treaty. Implemented under the aegis of the UN 

and applied through the IAEA‘s inspection regime, it binds the signatory 

nations not to use the nuclear materials and technologies acquired in the 

context of peaceful applications for military purposes. 

TRASCO TRASmutazione SCOrie: project for the incineration of radioactive waste 

developed by the INFN at the National Laboratories at Legnaro. 

TREC Trans-Mediterranean Renewable Energy Cooperation: this is an initiative 

to promote the project of creating a ―clean‖ energy generation and 
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distribution network between the countries of North Africa, Europe and 

the Middle East. 

TW (terawatt) Unit of power. 1 TW = 1 billion kilowatts. 

TWh  Unit of energy. 1 TWh = 1 billion kilowatt hours. 

(Terawatt hour) 

VOC Volatile Organic Compound. 

VVER Vodo-Vodjanoi Energetičesky Reactor (Pressurised water reactor). 

W (watt) Unit of power. 1 watt = 1 joule/second (a power of one watt is expended 

when one joule of work is done in one second). The most commonly used 

multiples of the watt are the kilowatt (1 kW = 1,000 W), the megawatt (1 

MW = 1 million W), the gigawatt (1 GW = 10
9
 W), the terawatt (1 TW = 

10
12

 W). 

Wp (watt-peak) Unit of measurement of the potential of a photovoltaic module. The power 

in Wp of a photovoltaic module corresponds to the power the module 

provides when the incident sunshine on it is 1 W/m
2
 and the temperature 

of the model is 25°C. 

Wth  Unit of measurement of the power of a solar collector. 1 Wth ≈ 0.39 Wh. 

(thermal watt)  


