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Forward 
 

 

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, just as it is a duty for 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 this table and this 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. 
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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 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.) 

                                                 
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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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 (Italy imports energy derived from nuclear fission from 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 (figure (a)) and to electric energy production (figure (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 Figure 6, how electrical energy production, by a long way the most 

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

given represents the percentages of the various sources in 2005.  

                                                 
3
 1 TW (terawatt) = 1000 billion watts. 
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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. 
 

 
 

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 

                                                 
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. 
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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: 

-  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 aims 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 bio fuels in the transport sector amounting to at least 

10% of total consumption. 

 

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. 

- Renato Angelo Ricci  Emeritus Professor, University of Padua – Chairman of the Galileo 

Association 2001. 
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- 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 measure that appear in the text is given in the 

final pages.  

Finally an overall view of the conclusions and possible guide lines 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  







9 

 

have grown only slightly; the share of imported electronuclear power has remained essentially 

unchanged. 
 

 
 

Fig.1.2: Energy consumption per 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 
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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 greater production of 

electricity from water power, due to a greater availability of water in the hydroelectric basins. 

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

diversified amongst 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 

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 
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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).  

Fig. 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. 

 

 
 

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. 
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Table 1.4: Italy – Greenhouse gas emissions. 
 

SECTORS 

 

 

YEAR AVERAGE VARIATION 

1990 1995 2000 2005 2006* 1990-

2000 

2000-2006 

[Mteq 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 

 

Fig. 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. 1.6 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 2006 

in the various end use sectors and also the variations in the periods 1990-2000 and 2000-2006.  

 

 
 

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). 

 

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

sector, where a slow down can be seen in the increase in consumption in the period 2000-2006 

(probably due to the sharp increase in oil costs) and therefore also in the increase in greenhouse 
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gas emissions, 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 in an initial phase, 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. 
 

 

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

 

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 swings. 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 altogether reduced them. 

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

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

6%. It would be equally appropriate and necessary to extend this virtuous performance to other 

sectors, above all transport. 

 

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

 

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 electricity 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 
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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 Tab. 1.2) and by 4.99 Mt-CO2-eq (from 28.15 to 23.16 Mt-CO2-eq, see Tab. 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 

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 

Eurelectric/TERNA 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. 

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 
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(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
 

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

 

 
 

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

 

                                                 
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 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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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. 
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2 Energy sources and vectors  
 

2.1 ENERGY FROM FOSSIL FUELS 

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 trend in Italy since 1990 shows a slight tendency 

to increase but with considerable oscillations.  

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. 

 

2.2 WATER POWER 

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 its current hydroelectric output, which varies between 40 and 45 TWh, we can 

assume Italy‘s residual potential output 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, with an output that could 

reach around 45-50 TWh, in relation also to the evolution of  the country‘s hydrolicity (that is to 

say the overall water resources available in the hydrographic basins used for electrical power 

production). 

 

2.3 ENERGY FROM GEOTHERMAL SOURCES 

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

About 9 electrical GW (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 
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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 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. 

 

2.4 ENERGY FROM BIOMASS 

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 bio fuel 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 output of 16 TWh can 

be hypothesized 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). 

 

2.5 ENERGY FROM NUCLEAR FISSION 

Concerns about the environment and security of energy supply, the slow and limited 

penetration of new renewable energies, together with a strong 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 with regard to other 
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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 European Council 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 security and sustainability. In particular one of the 

aims of the reactors of IV generation would be to close 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 lifetime.  

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 15% 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), with regard too to 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 determined 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 and long lasting strategies. 

 

2.6 ENERGY FROM NUCLEAR FUSION 

The use of nuclear fusion reactions is a possible method for energy production and it has 

been in 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 
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(DEMO) still requires answers to the following fundamental questions however: (i) maintaining 

a large volume (~ 1000 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 machine. Construction 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. 

 

2.7 SOLAR PHOTOVOLTAIC POWER 

In the current transitional phase towards a sustainable energy system, solar 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 solar 

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 has led to the solar photovoltaic market taking off and the total 

installed power reached 70 MWp
9
 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 solar 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 of silicon 

modules; (ii) developing thin film technology, with amorphous silicon or other materials (CdTe 

and CIGS); (iii) developing solar concentration technology.  

Today solar 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 solar concentration, using lenses or mirrors, efficiency can (in theory) be over 50%, and 

little active material is used. There are not yet any precedents for major production plants 

                                                 
9
Wp = Watt-peak. The Watt peak of a solar module is the number of watts output when it is illuminated under 

standard conditions of 1000 W/m
2
 intensity, 25°C and ambient temperature. 
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exploiting this technology, although it is expected that right here in Italy a plant of about 20 

MWp/year should soon come into service.  

Considering the difficulties generally met with when installing photovoltaic plants in Italy 

and also the considerable 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 7.4 GWp, corresponding to about 10.5 TWh/year of electricity output (about 3.3% of 

current electricity consumption) might be truly realistic. 

 

2.8 SOLAR PHOTOTHERMAL SOURCES 

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 consolidated 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 per capita level that Austria has today) 

and 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 the 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 of 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. 

 

2.9 WIND POWER 

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 



23 

 

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 coverage. 

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 electrical energy: 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‘s 

plants are 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 last 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. 

 

2.10 ELECTRICITY 

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 
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country‘s energy requirement of between 180 and 210 TWh could be covered 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. 

 

2.11 CO2 CAPTURE AND STORAGE  

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 relevant 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 synergies uniting the competences acquired 

by the two companies in the fields of capture and geological storage respectively, is also 

highlighted. 

 

2.12 HYDROGEN AS AN ENERGY VECTOR 

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 surrogate for 

oil products for powering vehicles, even though so far these expectations have not lead to a 

practical outcome. 

 

2.13 ENERGY EFFICIENCY AND SAVING 

The challenge over the next few years will be to control demand for energy in order 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 which is really necessary. This challenge could lead to 
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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. 
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3 Final considerations 
 

3.1 INTRODUCTION 

Italy‘s last national energy plan was drawn up in 1988. It was a year after the referendum 

abolishing nuclear power had passed 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 above100 $ 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. 

 

3.2 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. 

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‖
10

 of 

                                                 
10

 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, 
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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; 

 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. 

 

3.3 PROJECTIONS OF ENERGY CONSUMPTION AND PRODUCTION UP TO 2020 
 

3.3.1) The electricity sector 

In the absence of a ―National Energy Plan‖
11

, 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 

                                                                                                                                                             
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. 
11

 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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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 3.1 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 3.1: 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: 

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). 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 
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break-through, 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. 

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 
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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. 

 

3.3.2) The transport and heating/cooling sector 

The transport sector depends mainly on hydrocarbons
12

. In this case the contribution of 

electrical energy is marginal; all attempts to use hydrogen have proved unfruitful, 

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-

                                                 
12

 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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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). 

 

3.4 ITALY’S COMMITMENTS UP TO 2012 

As we have frequently stated before, with the application of the Kyoto Protocol, Italy took on 

the obligation 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
13

, 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 3.2). 
 

Table 3.2: 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 

 

To shorten the distance from the target, action was taken in 2007 (use of the emission 

trading
14

 system and of sinks
15

, resorting to flexible mechanisms abroad
16

, 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. Therefore, if we 

wish to continue down this road, new measures would be necessary to achieve a further 

reduction of 41.0 Mt-CO2-eq by 2012. 

In this context we point out that: 

a) In the electrical energy production sector, the mix of primary sources should be improved, 

keeping the contribution of coal to less than 18% of requirement; increasing imports of 

nuclear energy and developing renewable energy sources. 

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. 

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 

                                                 
13

 The emission data for 2007 are not yet known officially. 
14

 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. 
15

 Sinks are the CO2 absorption by forests, by the soil and by vegetation. 
16

 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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vehicle size, developing alternative fuels, limiting speed and in general a new transport 

model encouraging rail and water transport. 

To make this effort more effective it would be convenient to define a framework to divide the 

reduction commitments between the various sectors, involving regions, provinces and local 

authorities more actively. 
 

3.5 ITALY’S COMMITMENTS BY 2020 

The reference framework outlined above 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 3.4. 
 

Table 3.4: Overall summary of the undertaking for 2020. 
 

National objective A: greenhouse gas emissions  

Trend scenario by 2020 625.00 Mt-CO2-eq 

2020 Objective (83.8% of 1990 emissions) 436.38 Mt-CO2-eq 

Distance to Objective (2020 Emissions – Objective) 188.62 Mt-CO2-eq. 

 

National target B: energy efficiency  

Primary energy demand in 2005 197.77 Mtep 

Forecast for 2020 225.00 Mtep 

Objective by 2020 (-20% of the 2020 forecast) 180.00 Mtep 

Reduction compared to 2020 requirements 45.00 Mtep 

Reduction compared to 2005 energy 17.77 Mtep 

 

National target C: renewable sources 

Primary energy demand in 2005 197.77 Mtep 

Forecast for 2020 225.00 Mtep 

Objective by 2020 (-20% of the 2020 forecast) 180.00 Mtep 

Contribution of renewables to 2020 requirements 36.00 Mtep 

Increase over current contribution (14 Mtep)  22.00 Mtep 

 

 

In the electrical sector the forecast increase to 23.2% (see Tab. 3.1) for the contribution of 

renewable sources would allow Target C to be reached without increasing CO2 emissions 

compared to 2006, but not to reduce them compared to 1990. In this sector, in the short term, the 

only practicable policy would seem to be to purchase emission credits in the market, with an 

inevitable worsening of production costs and consequently penalising Italian companies and 

consumers. 

In the longer term – but 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. 

In the sector of electricity consumption, transport and residential use we ought to persevere 

with policies to reduce consumption and increase energy efficiency and to develop a new 

mobility model as outlined in paragraph 3.2.1, even though the options shown would still not 

allow us to reach the targets set by the European Union.  
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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 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 

 


