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WORLD PRIMARY ENERGY 
COMSUMPTION (Energy Outlook 2013)

Coal 3773 MTep

Gas 2787 MTep

Oil 4108 MTep

Nuclear 674 MTep

Renewables 1730 MTep

1 Tep (Toe) = ton of  equivalent oil, about 42 GJ (11.7MWh, 39.7Mbtu)

Oil

28.9%

Coal

31.4%

Gas

21.3%

Nuclear
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Hydro

2.3%

Other Ren
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Biomass
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World population and grow 1990-
2035 (Source: Energy Outlook 2013)
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Energy comsumption: data & forecast 2000-
2035 (Energy Outlook 2013)

World primary energy demand and energy-related CO2
Emissions

450 Scenario: a 50% chance of keeping to 2°C the long-term increase in average 
global temperature.



M.Fossa, Marueeb, Renewable Resources, UniGe - Pag. 7 / 70

Primary Energy Consumption per capita, Tep/yr
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Oil production and reserves (I)

The units is the Barrel, equal to 42 US gallons (about 159 
liters)

Another units is the Tep (Oil equivalent ton, whose energy 
contents is 42GJ, say some 7 barrels)

Current comsumption (2010) is 88 Mbarrel/day

Yearly comsumption is 32000 Mbarrel

Middle East Production is 6000 Mbarrel/year

Proved oil reservers in Middle East countres are estimated 
in 700000 Mbarrel (70% of the whole world reserves..)
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Oil Production and reserves
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(DOE Report, 2005)

Oil in the Artic ?
The meltdown will help our energy 

thirsty world ?

Oil Production and reserves (II)
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Maximum production capacity with 
respect to Reserves: P/R=1/15 (??)

Oil “proved” reserves : 200-300 GTep

The increase of the comsumption 
requires the increase of the available 
reserves

Based on reserve estimations, the 
max dayly extraction rate is around 
100Mbarrel/day

Further beyond it it is necessary to 
exploit non conventional oil resources 
(Tar sands, e.g. Canada)

Hubbert Law: Exploitation of a 
natural resource and its curve 
of production

Oil Production and reserves (IV)
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Tar sands or Oil Sands

Nasa.gov
the emission of pollutants from oil sands mining operations in Canada’s Alberta Province are comparable to 
the emissions from a large power plant or a moderately sized city. The emissions from the energy-intensive 
mining effort come from excavators, dump trucks, extraction pumps and wells, and refining facilities where 
the oil sands are processed.

The oil sands deposit in northwest Alberta covers about 142,200 square kilometers (54,900 square miles). 
Only 20 percent of the oil sands lie near the surface where they can easily be mined, while the rest of the oil 
sands are buried more than 75 meters below ground and are extracted by injecting hot water into a well that 
liquefies the oil for pumping. About 1.8 million barrels of oil were produced daily in 2010 from the Canadian 
oil sands.

Oil Production and reserves (V)
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Oil Production and reserves (VI)
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Oil Production and reserves (VIb)
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Oil extraction in the US (DOE Report)

Notice: either the overall oil production or the single well one in this 
example have shown a typical “through a maximum” profile

Oil Production and reserves (VII)

(Hubbert law confirmed...)

M.Fossa, Marueeb, Renewable Resources, UniGe - Pag. 16 / 70

Primary energy, reserves and cumulative 
production (Energy Outlook, 2013)

Coal is still abundant but highly pollutant in terms of greenhouse 
emissions.
CO2 sequestration (Carbon Sequestration) can be the solution for
sustainable coal exploitation?
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POWER 
STATION
(Liq. CO2

reservoir)

GEOLOGICAL SEQUESTRATION

DEEP SEA SEQUESTRATION

Carbon sequestration
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Primary energy demand scenarios

WHEN ALL FOSSIL FUELS WERE OVER
ALL CARBON WOULD HAVE BEEN REALEASED TO 

ATMOSPHERE
TO PRE-CARBONIFER LEVELS (or so..) 

At the beginning of the 
Carboniferous Period (400 
millions yrs ago) the Earth is 
a warm platet (T ave 22°C) 
and no ice caps are present at 
poles. 

CO2 concentration is above
1000 ppm.
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CONSUMPTIONS AND GREENHOUSE GAS EMISSIONS

Burning one kg of oil yields  3.1 kg of CO2

Burning one kg of natural gas yields 2.3 of CO2

CO2 concentration in atmosphere was 280ppm on year 1900

CO2 concentration in atmosphere on year 2000 was 370ppm, now 
(2016) is 400

CO2 lifetime is 150 yrs, before being fixed in ocean masses
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World Global Temperatures (I)

Geological periods have been 
characterized by climate changes 
and temperature changes. 
Typically  these variations have 
been 1-1.5°C every 1000 yrs

At the end of Ice Age periods 
temperature rises up to 0.15-
0.2°C per 100 yrs have been 
estimated

In the last 50 yrs, the atmosphere 
temperature rise was 0.7°C, say 
some 14°C per 1000 yrs
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Global 
Temperatures (II)

(dark blue 1000-1991): P.D. Jones, K.R. Briffa, T.P. Barnett, and S.F.B. Tett (1998). , The Holocene, 8: 455-471. (blue 1000-1980):
M.E. Mann, R.S. Bradley, and M.K. Hughes (1999). , Geophysical Research Letters, 26(6): 759-762. 
(light blue 1000-1965): Crowley and Lowery (2000). , Ambio, 29: 51-54. Modified as published in Crowley (2000). , Science, 289: 
270-277. 
(lightest blue 1402-1960): K.R. Briffa, T.J. Osborn, F.H. Schweingruber, I.C. Harris, P.D. Jones, S.G. Shiyatov, S.G. and E.A. 
Vaganov (2001). , J. Geophys. Res., 106: 2929-2941. 
(light green 831-1992): J. Esper, E.R. Cook, and F.H. Schweingruber (2002). , Science, 295(5563): 2250-2253. 
(red 1-1979): A. Moberg, D.M. Sonechkin, K. Holmgren, N.M. Datsenko and W. Karlén (2005). , Nature, 443: 613-617.
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Global Temperatures (III)
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Sustainable Development
The Strategies:

1) Efficiency enhancement in 
conventional power plants

2) Energy saving addressed policies

3) Increase the use of renewable 
energies
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Strategies
2) Energy saving addressed policies

(Energy savings in buildings)

Heating, cooling and ventilation in developed country buiIdings 
account for about 35% of the overall primary energy 
consumption

UE has addressed since 2001 a great effort in the direction of 
reducing the energy consumption and CO2 emissions in 
buildings in terms of

-Increasing the efficiency of the heating systems (e.g. by using 
heat pumps)

- Enhancing the thermal performance of the building envelope 
(insulation)

-Stimulating the use of the Renewable energies in buildings
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A leading project (year 2001..)
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3L/(year m2 )= 30kWh/year m2)

3L house introduces the 
concept of Energy Demand 
per surface unit and per year

This building, taking into 
account the local climate 
conditions, allows 
consumptions equal to about 
1/10 of the corresponding 
demand of an existing italian 
building
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Energy savings in building through Energy 
Certifications

Italian laws

EU Directive 2002/91/CE 
Dlgs 192/2005
Dlgs 311/2006

Energy certification for buildings is 
the procedure for assessing the 
building energy performance in 
terms of primary energy 
requirements.

The scale is in terms of kWh/m2 year

Envelope dispersions and heat 
production and distribution system 
performance are evaluted

Non Renewable energy is accounted 
separately from primary energy 
global needs
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The final goal: the Zero Energy building

Some DEFINITIONS

A zero-energy building, also known as a zero net energy (ZNE) building, 
net-zero energy building (NZEB), or net zero building, is a building with 
zero net energy consumption and zero carbon emissions on a given
period, typically one year.

Life cycle assessment is not included in energy balances at building level
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The renewable energy markets
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Renewable energies in the World (I)

In 2003 renewable resources
covered 13.3% of world demand
with 1.404 Mtep out of 10.6MTep 
Mtep (IEA, DOE). In that year the 
energy demand was covered for
34,4% by oil, 24,4% by coal, 
21,2% by gas and 6,5% by
nuclear plants.

Solid biomasses are the most
important contribution to
renewable energy in the world, 
with some 77,5% of RE 
production.

Apart biomass, hydro power is
the second relevant voice in RE 
panier
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Renewable energies in the World: the future
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Renewable Heat in the World

Most of the contribution of renewables to heat production comes from biomass 
used in developing countries.The use of traditional biomass for heat amounted to 
744 Mtoe in 2011 and made up 18% of total global energy use for heat.  Such use 
is often unsustainable because of the low burning efficiency and related pollution

More modern and efficient technologies for bioenergy, geothermal and solar 
thermal are playing an increasing role in heat supply and met 8% of total global 

demand for heat in 2011. (Source: IEA Outlook 2013)
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Hydro Power Market
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Hydro power 
share in the 
world, year 
2010 from IEA 
Report.

Hydro Power in the World
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Hydro power production growth and 
comparison with other renewable 
resources (Source: IEA Report 2012).

Hydro Power in the World
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Renewable electric energy in Italy

Geothermal BiomassesWind Solar Hydro
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Renewable electric energy in Italy

Productivity (kWh/kWnominal) of 
different Renewable energy plants in 
Italy.
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Wind Power Market
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Wind Power 
worldwide
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Wind Power worldwide (offshore plants)
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Wind Power in the USA
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Wind Power in Europe
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Wind Power in Europe
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Wind Power in Italy
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Solar Market and technologies
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Technologies for renewables: solar thermal (I)

Solar Thermal is a well known technology for converting solar power into thermal power.
Low Temperature devices (Solar Collectors) are spread worldwide and they typically employ 
water solutions or air. High temperature solar concentrators focus the light onto point or linear 
targets at concentration ratios up to hundred times. Low temperature collectors are mainly 
devoted to Domestic Hot Water (DHW) production, while high temperature plants are addressed 
to thermodynamic conversion (grid connected electric plant). A recent Italian examples regarding 
solar concentration is the Archimede Plant (http://www.enel.it/eventi/priolo/ progettoArchimede.asp?m=2), in 
Sicily (Priolo Gargallo) whre a solar field made by 360 parabolic mirrors and employing molten 
salts as thermal fluid.

Solar Collector 
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Technologies for renewables: solar thermal (II)

High temperature solar concentrators: The Spain plants

Spanish manufacturer Abengoa Solar has the world’s 
biggest portfolio of operating plants and of plants under 
construction. It already runs 13 Concentrated Solar 
Plants in Spain with a combined capacity of 570 MW (2 
tower plants and 11 parabolic trough plants) and a 150-
MW hybrid solar-gas plant at Hassi R’mel in Algeria (with 
a 20-MW solar component). In 2010 Abengoa delivered 
the Ain Bni Mathar plant in Morocco, another hybrid 
solar-gas facility (470 MWwith a 20-MW solar 
component).

CSP sector faces strong  competition from the 
photovoltaic sector and its ability to slash its production 
costs through economies of scale.

(Solar Power Barometer and Eurobserv’ER 2013)
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(Solar dreams..)

Solar Towers are something in 
between low temperature plants 
and concentrating systems.
Prototype tower in Manzanares, 
Spain,  produced electric energy 
since july 1986 to february 1989, 
with a peak power of 50 kWe. 
Receiving area has a diameter 
of 240m and an area of 
46.000m2. Operating 
temperature is about 70°C

The tower is 10min in diameter 
and  195m high

Cost of prototype, about 
1M(US$)

Technologies for renewables: solar thermal (II)
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Solar collectors can be classified according to the transparent cover type into the 
families:

-Flat Plate collectors: they represent the most common solution for residential 
applications and they have plane glasses and plane absorbers

-Unglazed collectors, are the most simple version of solar collector and only the 
absorber surface is present. They are typically made by plastic materials and 
their use is limited to low temperature applications in good insolation conditions

Evacuated Tube collectors are conceived for minimizing the heat losses to the 
environment. The core of the system is a double glazing cylindrical glass where 
vacuum is made at the glass enclosure in order to suppress the natural 
convection and reduce the overall heat transfer coefficient

Technologies for renewables: solar thermal (III)
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Technologies for 
renewables: solar 
thermal collectors
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Technologies for renewables: solar thermal 
collectors (II)
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Technologies 
for 

renewables: 
solar 

collectors 
(III)
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Technologies for renewables: solar collectors (IV)
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Technologies for 
renewables: solar 

Concentration
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Technologies for 
renewables: solar 
Concentration (II)
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“The solar electricity market is still booming since 

10 yrs. In the year 2011 the  cumulative installed 

capacity of solar photovoltaic (PV) systems 

around the world passed the landmark figure of 

63000 MWp. Global shipments of PV cells and 
modules have been growing at an average annual 

rate of more than 50% for the past few years”
(EPIAEPIA) 

PV Plants can be classified into grid connected
and stand alone or off-grid).ones, being the former 

case nowadays the principal one

The PV cell is the core of the PV module. It is an electronic 
device that exploit the semiconduction properties of given 
materials like the Silicon (crystalline and amorphous). 

EPIA, The European Photovoltaic Industry Association

Market 2007
(Source Photon International)

Others 0.1%

CIS-CISG 

0.5%

Mono 42.2%

Thin film Si 

5.2%

CdTe 4.7%

String 

Ribbon 

2.2%

Poly 45.2%

Technologies for renewables: Photovoltaics (I)
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Photovoltaics market (V)
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Photovoltaics market (VI)
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National Incentives addressed to 
Renewable Energies

(Italy)
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GREEN CERTIFICATES (I)

Green Certificates (GCs) are tradable instruments that GSE grants to 
qualified renewable-energy power plants (IAFR qualification). The GC 
scheme was first introduced in Italy since 1999, by Legislative Decree 

79/99 (decreto Bersani). 

The certificates are titles issued by GSE which correspond to given 
amount “renewable” electrical energy. Since 2004 (law n. 239 

23/08/2004, Legge Marzano) the size of the certificate is 50 MWh, while 
in the original issue the size was 100 MWh. 

Since 2008, the equivalence is 1GC for 1 MWh. Economic value is for 
2014 114€ per GC and it is related to average cost of electricity

The GC support scheme is based on the legislation which requires
producers and importers of non-renewable electricity to inject a 

minimum quota of renewable electricity into the power system every 
year.

IAFR plants are allowed to emit GC for the first 15 yrs from 
commissioning
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GREEN CERTIFICATES (II)

Producers may apply for GCs after qualifying their plants as renewable-
energy power plants/systems (IAFR).

Producers whose plants/systems have a yearly average nominal capacity not 
exceeding 1 MW (0.2 MW for wind power plants/systems), excluding solar 
ones, may exercise the right of option between GCs and the all-inclusive feed-
in tariff.

The qualification of plants as plants using renewable energy sources (“IAFR”
– RES-E) is a pre-requisite to obtain green certificates or the all-inclusive 
feed-in tariff. 

Eligible plants also include:

new, upgraded/repowered, totally/partially renovated and reactivated plants 
that have been commissioned after 1 April 1999;

co-firing plants that have been commissioned before 1 April 1999 and have 
operated as hybrid plants after such date. 

Apart from for a few exceptions specified in the Ministerial Decree of 18 Dec. 
2008, photovoltaic plants are not eligible for these forms of support, as they 
only benefit from the support referred to in the Ministerial Decree of 19 Dec. 
2007 
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GREEN CERTIFICATES (IIb)

For plants that entered into service after December 31, 2007-of annual average nominal 
power exceeding 1 MW and 0.2 MW for wind power plants - the GSE releases CVs for 15 
years, recognized by multiplying the net energy recognized at the intervention carried 
out for the constants, differentiated by source, Table 2 of the 2008 Budget Law, 
subsequently updated by Law 99 of 23/07/2009 as shown below: 

(Source: GME Italy)

Source Multiplicative Factor

1 Wind (plants with a capacity of more than 200 kW) 1.00 

1 bis Off-shore wind 1.50 

3 Geothermal 0.90 

4 Waves and tides 1.80 

5 Hydro (other than the one indicated in the previous point) 1.00 

6 Biodegradable waste and biomass (other than the one 
indicated in the following point)* 

1.30 

7 Biomass and biogases obtained from agriculture, animal 
husbandry and forestry on a 

short supply-line basis 
1.80 

8 Landfill gas, sewage treatment plant gas and biogases 
(other than the ones indicated in 

the previous point) 
0.80 
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Green certificate market

(Now 7.5%)
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The GC support scheme is based on the legislation which requires
producers and importers of non-renewable electricity to inject a 

minimum quota (“quota d’obbligo” here below) of renewable electricity 
into the power system every year.
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ALL INCLUSIVE FEED-IN TARIFF (I)

The all-inclusive feed-in tariff (tariffa onnicomprensiva) is a national 
scheme applicable to RES-E plants (excluding solar ones) which have a 
nominal real power of less than 1 MW (200 kW for on-shore wind plants).

The tariff is granted over a period of 15 years, during which its rate 
remains fixed and based on the amount of electricity fed into the grid, for 
all plants commissioned by 31 December 2012.

To benefit from this form of support, producers must first ask GSE to 
qualify their plants as RES-E (“IAFR – Impianto Alimentato a Fonti 
Rinnovabili”).
It represents an alternative to the green certificates scheme and is 
differentiated by type of source.
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ALL INCLUSIVE FEED-IN TARIFF (II)
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The feed-in scheme is the programme which grants incentives for electricity 
generated by photovoltaic (PV) plants connected to the grid.

Italy introduced this support scheme in 2005 (Ministerial Decree of 28 July 2005 
– 1st feed-in scheme). The scheme is now regulated by the Ministerial Decree of 
5 May 2011 (4th feed-in scheme). The 4th feed-in scheme applies to plants 
commissioned between 1 June 2011 and 31 December 2016.
Under the scheme, PV plants with a minimum capacity of 1 kW and connected 
to the grid may benefit from a feed-in tariff, which is based on the electricity 
produced. The tariff differs depending on the capacity and type of plant and is 
granted over a period of 20 years. 

For plants commissioned within 31 December 2012, the scheme (called feed-in 
premium) provides for a tariff for the electricity produced. The electricity fed 
into the grid may be purchased by GSE (ritiro dedicato) or economically offset 
with the value of electricity withdrawn from the grid (net metering - scambio sul 
posto) 

Starting from the first half of 2013 and on, the tariff will be made up of both the 
incentives and the value of electricity. A specific tariff will be applied to the self-
consumed electricity.

Feed-in tariff scheme for PV (I)
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The 4th feed-in scheme (Ministerial Decree of 5 May 2011, published in the 
Gazzetta Ufficiale of 12 May 2011) applies to plants with a capacity of at least 1 

kW, commissioned between 1 June 2011 and 31 December 2016.

Until the end of 2012, a specific tariff (feed-in premium tariff) will be paid for the 
electricity generated by photovoltaic plants. The tariff will cover a period of 20 

years, starting from the plant commissioning date. 
This tariff consists of two components: the premium and the price paid for the 

electricity produced. 

Starting from the first half of 2013 and on, the tariff will be made up of both the 
incentives and the value of the electricity fed into the grid. A specific tariff will 

be applied to the self-consumed electricity.

The 4th feed-in scheme sets an about 23,000-MW target of PV capacity to be 
installed at national level. 

Under the scheme, feed-in tariffs are planned to be progressively reduced over 
time, in order to balance the level of public support with the costs of 

technologies, giving stability and certainty to the market. 

Feed-in tariff scheme for PV (II)
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The Ministerial Decree of 5 Jul. 2012 (published in “Gazzetta Ufficiale” no. 159 
of 10 Jul. 2012) - the so-called 5th feed-in scheme - redefines the rules on 
support for solar photovoltaic power generation.

The new rules entered into force on 27 Aug. 2012, i.e. 45 calendar days after the 
publication of the relevant Decision adopted by “Autorità per l’energia elettrica 
e il gas” (AEEG, the Italian electricity and gas regulator). Under AEEG’s 
Decision (292/2012/r/efr of 12 Jul. 2012), which is based on GSE’s data, the 
indicative yearly cumulative cost of incentives has reached € 6 billion.

The 5th feed-in scheme will cease to have effect 30 calendar days after reaching 
an indicative cumulative cost of incentives of € 6.7 billion per year

The 4th feed-in scheme is still valid until end 2016 for small residential plants 
and Public Buildings

(SOURCE: GME Italy)

Feed-in tariff scheme for PV (III)
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Feed-in tariff scheme for Concentrated Solar
Feed-in Tariff system in place since 31 December 2012
The FiT for large plants (>2 500 m2) is € 0.32/kWh where the solar fraction is
over 85%, € 0.30/kWh from 50 to 85%, and € 0.27€/kWh where is it less than
50%. The Feed-in Tariff will be paid for 25 years and drop by 5% from 2016 
onwards and by a further 5% from 2017 onwards. The Feed-in Tariffs for small 
plants (<2 500 m2) adopt the same solar fraction rules and are € 0.36/kWh, €
0.32/kWh and € 0.30/kWh respectively and apply the same sliding scale rules. 
Plants with more than 10 000 m2 of receivers will be required to have an energy 
storage system.
(SOURCE: Eurobserv’er 2014)
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Thanks for your attention


