





7/ PRODUCTION OF HEAT AND POWER

According to the operational conditions mentioned above, the electricity fed into
the grid is estimated in 210 MWh/year, while the heat, in form of hot water at
65°C, is 480 MWh/year. The thermal energy is provided to the nearby public
buildings, or stored in the two 3,000l tanks.

Malin plant data

Around 75 kg of wood chips 140 kWth

(W=40%)

25 kKW losses

nth - 70 % T]total - 87’5 %

The heat recovered from the cooling down of the Stirling engine and from the
exhaust is carried to the building through a couple of buried tubes, one for
carrying the water onwards, the other to bring it back, at the maximum
temperature of 75°C. The heat will be provided to the buildings through a plate
heat exchanger, which absorbs heat from the pipes of the district heating simply
having the water of the pre-existing thermal plant flowing through the heat
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exchanger; in so doing the water of the heating system of the buildings is kept
separated from that of the cogeneration plant. This choice also allows to start the
old thermal plant whenever it is necessary, e.g., for an accidental interruption or
for planned maintenance. The district heating tubes laid underground are in PEX,
a flexible plastic material supplied in rolls, thermally insulated and with a
protective lining; this avoids having junctions between the tubes, guaranteeing a
longer life.

As for the production of electricity, it has to be considered that the plant is
expected to work continuously — as the table below shows — and this is perfectly
compatible with the thermal users connected to the district heating: in fact the
plant will be in condition to supply for a long and continuous time all the produced
heat, therefore avoiding the necessity to decrease the load as a consequence of a
decrease in the heat demand. A capacity loss is nonetheless expected only at the
beginning and at the end of the cold season.

In synthesis the electrical energy produced can be estimated as 210 MWh/year.

Electrical characteristic of the plant

Type of plant

Renewable energy CHP plant

Fuel Wood biomass from short supply chain
Nominal capacity 35kW
Phases 3
Volts 400V
Frequency 50Hz
Current intensity 69 Ampere
Power factor 0.95-1
Maximum current intensity
needed at start of operation for 125 A

about 3 seconds

Grid protection

Thytronic SVF5940 combined with a
bobbin, opening with a minimum tension
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8 ENVIRONMENTAL PARAMETERS

One of the main objectives of the realization of this plant is to demonstrate a
sensible and positive improvement of the environmental conditions and, in
particular, a reduction of the green house gases emissions, as a consequence of
the use of a renewable energy source.

As briefly mentioned above, the design of the plant and of its processes are such
that it cannot have any negative impact on the air quality. Previously, a fossil fuel,
i.e. natural gas, was used to heat up the buildings while the CHP plant burns a
similar gas, but produced from local biomass, thus making the mountain territory
independent from fossil fuel; furthermore the overall efficiency increases as a
consequence of the combined production of electricity and heat.

Below the main environmental indicators:

Fossil fuels saved 91.3 toelyear
CO, emission saved 200 t/year
Wood chip consumption 450 tlyear
Ash production 6 m°/year
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9 THE ASH DISPOSAL

The Italian law classifies the ash produced from the combustion of virgin wood as
non hazardous waste, therefore it must be disposed in a landfill. The chemical
characteristics of the ash are such that it may be used in agriculture as fertilizer,
as it is commonly done in Switzerland and Austria. The ash in fact is the organic
waste of the combustion and contains Calcium, Potassium, Phosphorus,
Magnesium and Sodium, and its spreading on the soil brings positive effects as
fertilizer or conditioner; the function of fertilizer is played by the ash as it brings to
the soil relevant quantity of nutritional elements, of which it is deprived by the
growing of the vegetation.

The function of conditioner is intended for acid soils, the ash contains alkaline-
earth elements (Ca, Mg) and alkaline metals (Na, K), which increase the soil pH
factor.

In Italy the spreading of the ash coming from wood combustion on farming or
wood land is forbidden by the decree 22/97 therefore it must be disposed in
landfill as non dangerous waste.
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10 MAIN PARAMETERS

Synthesis of main technical and working parameters of the plant

1. Total installed capacity 200kW
2. Thermal efficiency 70% equals to 140 kWth
3. Electric efficiency 17,5% equals to 35kWel
4. Loss 12,5%
5. Overall efficiency 87,5%
6. Wood chip consumption (40% moist) 75 kg/hour

7. Planned working hour

6,000 hours /year

8. Thermal energy produced

(140 kW x 6,000hour/year) = 840

MWhth/year

9. Electrical energy produced (35kW

X 6,000 hourlyear) = 210
MWhellyear

10. Wood chip consumption

(75kg/hour x 6,000 hour/year) = 450

t/year
Synthesis of the plant cost
Building works 70,000 €
District heating: pipes and connections 50,000 €
Energy production technology 205,000 €
Piping, electrical connections and devices 90,000 €
Other technical services
(engineering, grid connection, permission costs and 45,000 €
other technical costs)
Total costs 460,000 €
Cost compared with the thermal power kWth (usable) 3,285 €/kWth
Costs compared with the electrical power kWel (usable) 13,142 €/kWel
Technology costs compared with the electrical power 5.857 /KW
kWel (usable)
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Considering a 15 years long working life of the plant:

Total thermal energy usable

140kW x 6,000h/y x 15y = 12,600 MWhy,

Electrical energy usable

35kW x 6,000h/y x 15y = 3,150 MWhg,

Synthesis of the economical operation data

Biomass costs (wood chips)

60 €/Ton = 27,000 €y

Income from heat supply, based on the
district heating demand during winter,
excluding the swimming pool

75 €/Ton = 36,000 €

Income from electrical power
sent to the local grid, (actual price for
biomass fuelled plants)

0.28 €/kWh = 58,800 €y
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Specific data

Time working 6000 hly

1.200 MWh 450 t/year

wood energy — W=40%
consumption

480 MWh

total heat

allocated = 20 families needs

B et

Compared with other renewable energy sources
(concerning only the electrical power)
Time working 6000 hly

180 kW photovoltaic
1.500 m? of panels

140 KW wind power
7 wind generators
20 KW each one
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