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Uses

The production of electric power

Thanks to its several economic and environmental benefits, in the latest years natural gas has converted into the main
fossil fuel for the production of electricity. During the 70s and 80s, energy production was oriented towards coal and
nuclear plants, but a series of economic, environmental and technological factors has provoked a shift towards the gas.
Vapour plants

Natural gas can be used as a fuel in vapour electric plants in order to produce vapour that, at a high pressure, activates a
turbine, which makes the alternator turn. In order to create high- pressure vapour, water is superheated in a boiler: by
hemertically closing the container, the vapour pressure increases and then violently gets out towards the turbine. With
reference to the performance of these plants, approximately 40% of the energy contained in the fuel is transformed into
electricity. The remaining 60% is lost during energy conversion from chemical to thermal, mechanical and electric.
Turbo-gas plants

Natural gas can also be used in turbo-gas electric plants. These thermoelectric plants directly exploit the energy
produced during methane (or gas oil) combustion and work without boiler, in order to transform the water into vapour and
without condenser in order to reconvert the vapour into water. A turbo-gas plant consists of:

e Acompressor: it sucks air up from the atmosphere, compresses it and sends it to the combustion chamber
* Combustion chamber: this is where the combustion between the air and the fuel occurs (methane or gas oil)

e Gas turbine: the air and gas mixture, at high temperature, gets into a turbine where the expansion of
combusted gases makes the rotor blades rotate and subsequently activates the alternator therefore generating
electricity.

The advantages of turbo-gas plants are: the low costs of the plant, they start rapidity even if there is no energy
in the network and the fact that these plants do not need cooling water. It is possible to build them in any place,
even far from the rivers and the sea. The disadvantage is the very low output (around 30%) and therefore the
very high energy cost.

Combined-cycle plants

Combined-cycle and co-generation systems are the most efficient technologies to produce electricity from natural gas.
Both use the heat that would normally be lost. Combined-cycle plants exploit the heat they generate to produce
electricity. These systems associate a turbo-gas plant with a vapour group: the residual heat of fumes going out from the
turbo-gas group is used to produce vapour, increasing the performance by 56%. Moreover combined-cycle plants have
lower building and maintenance costs, and a higher functioning reliability.

Cogeneration

Among the innovative implementations of natural gas mention has to be made to cogeneration, i.e. the combined
production of electric energy and heat. Cogeneration is the combined use of a primary energy, like natural gas, to
produce heat and electricity.

The concept is based on the recovery and the use of heat residues produced during electricity generation that in other
plants would be lost, being therefore less efficient than cogeneration.

For example, a methane engine produces electricity and exhaust emissions are then used as a thermal source, i.e. to
heat water. In this way electric energy and thermal energy are produced in a combined way. If they were produced
through separate processes, larger quantities of primary energy would be needed. This process optimises the use of
energy resources with significant economic and environmental benefits.

Natural gas is the most economically advantageous fuel with reference to industrial and commercial cogeneration
applications, above all due to the lower fixed and management costs and because it is the cleanest fossil fuel.
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At the moment a wide series of cogeneration technologies is being used, including small pre-packaged units that
comprise all the components that are needed for a cogeneration system.

These systems are available from 2.2 kW to several hundred MW format. These are cases of micro-generation, which
means simultaneous and localised production of thermal energy and electric energy.

Thanks to the technological development of new and more efficient natural gas turbines and machines, cogeneration,
which was only used by the large industrial sector, is now spreading to small and medium-sized industries and the third
sector. In particular, cogeneration systems represent an efficient solution to reduce the costs of electric energy and
heating for paper mills and the pharmaceutical, textile, oil refining industry, and in particular petrochemical industries, as
well as hospitals, universities, hotels, calculation centres and shopping centres.

Transportation sector

Natural gas can also be used to fuel vehicles. Natural gas presents numerous advantages respect to other fuels for
vehicles: the first of these is that it is an ecological fuel. In fact, it has a low carbon content and does not contain aromatic
hydrocarbons, sulphur nor lead. Respect to petrol powered cars, natural gas powered vehicles produce around 25% less
carbon dioxide and more important, they do not emit particulate matter (made of particles that are dark enough to seem
smoke or soot, but so small that they can only be detected using a microscope), benzene or other aromatic
hydrocarbons. Moreover, they emit less carbon monoxide, nitrogen oxides and unburned hydrocarbons (these unburned
hydrocarbons prevalently consist of methane). In addition, there are negligible emissions of sulphur dioxide, the primary
cause of acid rain. Natural gas does not have the harmful effects on human health that many hydrocarbons have. In
particular, those hydrocarbons that are more reactive in the presence of nitrogen oxides and sunlight can generate low
level ozone, a gas that can cause irritation to the respiratory system and that can generate photochemical smog.
Benzene and other polycyclic aromatic hydrocarbons (PAHS), instead, are considered potential carcinogens. Car traffic
contributes in great measure to total PAH emissions in urban areas with heavy traffic, especially where the traffic
structure (traffic lights, crossroads, etc.) forces car engines to constantly operate under transient conditions. Thanks to
current engine technologies, emissions of these substances by natural gas powered vehicles are greatly reduced or
almost absent (as in the case of benzene). However, to carry out a complete evaluation of natural gas powered cars
respect to those powered by traditional fuels, one must assess the environmental impacts along the entire energy
transformation life cycle; in other, words, analyse all the stages including extraction, production and transport of the fuel.
The analysis should also take other factors into consideration, such as the availability of energy resources in the near
future. The purpose of these studies is to direct consumption towards a more efficient use of energy sources, both from
an energetic and from an environmental point of view. Besides the above-mentioned characteristics, the natural gas life
cycle displays other features that make it more advantageous respect to other fuels. In fact, natural gas can be used
directly as fuel upon extraction, after normal processing, it does not require refining. It is transported by a network of
pipelines which are connected directly to methane refuelling stations, and which supply them uninterruptedly, without
requiring storage in deposits and without affecting traffic nor road transport. Contrary to liquid fuels, the refuelling system,
being pressure-tight, has practically no evaporative losses. Among the four vehicle fuels currently used (petrol, diesel,
LPG and methane), methane is definitely the cheapest. To cover the same distance, the use of methane allows you to
save up to 65% respect to petrol, up to 45% respect to diesel and up to 30% respect to LPG.

Germany, ltaly, Switzerland, Sweden and Austria are among the European countries that use methane the most.
Methane system

The methane system for engine propulsion is simple. Vehicles are usually built to be supplied both with methane and
petrol. The methane is put into bottles (located on the vehicle) in a “compressed” gaseous state, at high pressure (200
bar). The methane gets, through special pipes, to a reducer that supplies the injectors of internal combustion engines at
low pressure. A pressure sensor sends the signal to the methane-quantity indicator and to the electric board that controls
the fuel injectors and the bottle opening/closure valves. The vehicle is provided with a methane-petrol commuter that can
be activated at any time.
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The vehicle usually works with methane, but if, while running, the gas pressure inside the bottles is lower than the
minimum pressure, the engine electronic control automatically converts the functioning to petrol. Once the petrol has
been supplied, the bottle pressure is restored and the car starts to work with methane.

In order to guarantee the maximum reduction of exhaust emissions, methane vehicles must use an adequate catalyser to
eliminate residual hydrocarbons deriving from the methane combustion. In fact, the methane oxides have more difficulty
to oxidize than hydrocarbons and therefore it is necessary to adopt a catalyser characterized by a higher quantity of
noble metals (which act as catalysers) than the most standard catalysers.

Industrial purposes

Industries make use of natural gas not only to heat or cool environments, but also to make production processes more
efficient, cheaper and ecological.

The most important productive uses are:

» food industry: malt and coffee roasting, meat processing (cooking, salami seasoning), cooking of bakery
products (bread, bread-sticks, sweets)

* metallurgic industry: the most frequent applications are related to iron and its alloys, cast iron and steel. It is
used in kilns for thermal treatments, for processes where controlled atmosphere is required, etc;

* tiles and ceramics: the gas is mainly used for the production of coating tiles and floor tiles, as well as in the
sector of crockery and glassware and art ceramic. In the field of bricks (bricks, tiles), drying and cooking kilns
working with natural gas allow to provide products with a more pleasant aesthetic aspect as compared to other
techniques. The use of gas made the “fast cooking” possible, significantly reducing production times;

* glass: the absence of combustion residues and the easy temperature regulation make gas very suitable to
supply continuous cycle kilns for both “sheet” and “pit” glass production;

* jewellery: thanks to its flexibility and flame purity, natural gas is widely used for the construction and welding of
precious objects;

* weaving: natural gas supplies the energy needed to hair shaving and thermal fixing;
*  paper industry: the methane is used to rapidly dry the ink.

Other uses

Use in the commercial sector

The commercial use of gas includes cooling (conditioning and refrigeration), restaurant services (kitchen), motels and
hotels (heating of interiors), hospitals, public building sites and retailing.

Thanks to their high energy-efficiency, natural gas air-conditioners represent the most valid alternative to traditional
electric systems and are used both to guarantee high comfort levels in civil buildings (houses, hospitals, hotels, buildings,
offices), as well as to satisfy the needs of the industrial sector (air-conditioning of the workplace, productive processes,
food preservation, etc).

Gas cookers are very popular in the restaurant sector: thanks to them it is possible to measure the heat in the best way,
by varying the flame intensity. Moreover, during oven cooking, the combustion of methane releases water vapour, which
softens the food preventing it from drying. These characteristics, as well as guaranteeing supply continuity, convert the
methane into the most appreciated source both for household and professional purposes.

Household purposes

Natural gas is an excellent fuel used for both household purposes (gas ovens, heating, hot water), as not only is it the
cleanest of all fossil fuels, but it is also the most convenient thanks to the relatively low costs of the equipment. Future
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estimates forecast an increase by 30% of the household consumption of gas in 2020. The main household use of natural
gas is for heating. 35% of Italian families have central heating systems that supply heat to several houses.

Distributed generation

For many years people have been talking about “distributed generation” and “energy self-production”, i.e. energy
production physically close to users. Recently the following concepts have become more relevant and up-to-date:

¢ The liberalization of the gas and electric energy market.
*  The fact that electric energy is unable to satisfy the high demand and the subsequent planned black out.
¢ The problem of reducing pollutants emissions into the atmosphere.

«  The community support towards renewable energy sources or sources that improve the efficiency of fossil
sources.

«  The possibility, by producing energy close to the users, to plan cogeneration, which leads to a better energy
efficiency, reduced transmission losses and distribution and a sensitive reduction of emissions into the
atmosphere.

¢ Lower costs of investments thanks to the smaller size of plants.
*  The chance to electrify remote areas.

¢ The possibility to make a Country less vulnerable to the fluctuation of fossil fuel value (it was calculated that in
Italy, by doubling cogeneration by 2010, 20% of imported gas would be reduced)

It is more and more important to develop, as well as an energy-centralized production, small power plants (i.e. micro-
generation), located on the territory and built with technologies that combine efficiency and low emissions with cheap
investments and excellent reliability.
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