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Agricultural by-products per county [26]
Forest by-products per county [26]

Figure 12
Figure 13
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ible biomass sources [26]
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2.9 Biomass utilization for energy purposes and potential stocks

The biomass energy utilization has been receiving key attention in EU countries, and one of
the main topics in EU policy, due to the sustainability problems caused by the harmful
environmental impact of fossil energy sources, the significant reduction of social support for
nuclear power plants as well as increasingly grave problems in relation to agricultural

production

The share of energy sources having biomass origin will increase from 3.0 TWh (1.6%) to 19.6
TWh (6.7%), and from 17.2 million tOe (3.3%) to 20.7 million tOE (3.8%) with respect to
heat generation, in EU countries without any specific community policy on renewable energy,

just by the fulfilment of national programmes.

Another reason for the implementation of the concept is the reduction of energy import
dependency of the EU. Currently EU member states meet almost 50% of their energy demand
from import. In the event no significant energy policy measures are taken, this share may

reach 70% by 2020. [5]

2.10 The volume of biomass available for energy purposes

Apparently, priority should be given to food and silage production, which is determined by
actual economical relations. With respect to environmental issues of the biomass energy
utilization, the first and most important question is whether the soil nutrient supply can be

maintained even if a significant amount of organic matter is withdrawn from the cycle.

Some believe that the best form of biomass waste utilization is the ploughing or replacement
of soil power. However, the material of high cellulose content causes harmful, so called
,carbohydrate”, effect, which can only be balanced by spreading artificial nitrogen fertilizer in

large quantities.

Biomass production facilitates the reasonable cultivation and covering the land with plants,
which is an important tool of protection against erosion, caused by wind and water and, in turn,

greatly contributes to soil protection.

According to a study by the Hungarian Academy of Sciences on the Hungarian geographical,

political and economic policy aspects, the annual volume of primary biomass produced in
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Hungary is 54 million tons (expressed in solid), whereof 46 million tons are agricultural
products and 8 million tons are forest products. In line with an agreement, the following

quantities can be used for energy production purposes:

from primary biomass (agricultural by-products) 251 PJ
from secondary biomass (livestock waste) 91 PJ
from tertiary biomass (waste of processing) 75 PJ

Important to note that these figures reflect the actual economy policy aspects, which may
change over time, so the above figures can not be regarded as absolute values. Based on
recent considerations, this potential, for example, may be added by 4.9 million tons of solid
(approx. 30 PJ energy content) from waste and by-products of the forest and wood industry.

[5]

The unreasonable use of agricultural, forest and garden by-products is well reflected in the

following examples:
Cereal straws:

e stubble burning (permitted by the National Public Health and Medical Officer Service,
ANTSZ due to Ophiobolus and pest insects),

e organized collection (in small quantities for producing mushroom compost),
e sold for cellulose production.

Corn stalk:
e only some percent is used for silage,

e despite being a usable energy source, the stalk is mainly burned at the place of

production, polluting the environment
Rape straw:

e currently not utilized, burned, polluting the environment.
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Sunflower stalk:
e currently not utilized, burned, polluting the environment.
Straw:

e according to estimations, 0.5 to 0.6 tons of straw are left in each hectare of grass and
pasture areas, meaning that approximately 250 to 300 thousand tons of plant remains

are wasted each year. This could be used for forage or energy production.
Wood scobs:
e currently not utilized, burned, polluting the environment.
Vine-branch:

e currently not utilized, burned, polluting the environment. [24]

Fuel wood plantations

Energy forests and green energy wood plantations are special plantations where high
quantities of fuel woods having favourable burning properties can be produced economically

within a short time.
Requirements against wood species used in energy forests and fuel wood plantations:
e dynamic growth in early years,
e good resistance to diseases and pests,
e good and repeated budding,
e high density,
e high solid content,
e good burning properties,
e burns even when wet,

e quickly loses water content,
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¢ good and harvestability and processability. [24]

2.11 Possibilities of bioalcohol production in the counties

Sunroot (also called Jerusalem artichoke) can yield 4-5000 kg per hectare (in the form of root)
even in low quality soil where most crops can not be grown at all. Calculations show that
sunroot production can be economical; e.g. given that average yield is 4-5000 kg/hectare and
a root contains 13-18% fructose, approximately 6-700 kg of fructose can be produced, which
means that this plant is quite promising for the sweets industry both here and in the western

markets.

With view to the plant-physiological properties of the sunroot, this plant may reduce the
length of slack season in the sugar industry. In the case of sugar-beet, raw material shortage
appears at the end of the campaign, when factories need to suspend production. However,
experiments have proved that sunroot has a very good resistance to cold temperature, it can
even resist freeze, and roots are not impaired when left in the soil during winter, because the
plant is able to survive winter frosts up to -30 °C. With this in mind, sunroot may be an
excellent raw material for the sugar industry just when sugar-beet season is about to end.

Naturally, profitability calculations may change depending on market conditions.

Its by-products (leached sunroot slices) can be utilized as valuable forage. There have been

several Hungarian and French studies made on forage utilization.

According to bioalcohol calculations, 7 to 12 litres of absolute alcohol can be produced from

100 kg sunroot.

2.12 Oilseed rape as a potential bio-fuel

There is a wide range of national and foreign experience available in the field of rape oil
utilization. Taking several years into consideration, the average yield is between 1.3 and 1.7

t/ha, but 2.0 — 2.3 t/ha is also often reported.
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Rape originally comes from the Mediterranean region, which explains some specific issues of
its cultivation. Rape cultivation area in Hungary reached its peak in the second half of the
19th century. During ramp-up of the cultivation period, rape was also considered as a food

source.

The suitable rape type shall be selected so as to meet the goal of utilization. In the counties
studied in this paper rape cultivation has only limited possibilities; the suitable areas are the

Szatmér region and the environs of Ujfehérto.

Rape has low seed demand (3-5 kg/hectare), which also contributes to its profitable
cultivation. Rape plays an important role as a potential raw material of reformed fuels. Energy
input-output factor of rape oil is 2.1-3.9, but can be increased up to 4.5-8.4 by utilizing by-

products for energy production purposes.

There is no doubt that the use of biofuels necessitate some constructional changes to vehicle
engines (due to higher internal temperature, the use of antechamber in the cylinder head,
harder start, etc.), but these are technically feasible and do not involve high costs. With view
to the environmental impacts, the negative consequences and costs of the greenhouse effect as
well as the damages of carcinogen effects, the use biofuels should be given first priority.

Biofuels are only 10% as carcinogenic as the current carbon-hydrogen based fuels. [36]

Model calculations of heating plants powered by biomass fuels
Model calculation of a 0.5 MW village heating plant [24]

Table 8: Model calculation of a 0,5 MW village heating plant

powered by biomass fuel (efficiency: 90%)

Quality of cult.area

Good |Moderate| Limited (Unit
IAmount of biomass needed for 0.5 MW 1861 [ 1861 1861 atro tonne/yr
Yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Cereal straw yield 4 3 2 t/ha/yr
Woodchip combustion
I Amount of biomass needed for 0.5 MW 1861 [ 1861 1861 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
Area needed for 0.5 MW 116 155 233 ha
Area of energy wood plantation needed 233 310 465 ha
for continuous operation at one location

39



1/2 woodchips, 1/2 cereal straw combustion

IAmount of biomass needed for 0.5 MW 1861 1861 1861 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro tha/yr
Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of one cutting cycle in energy wood 16 12 8 tha/2yr
Area of energy wood plantation needed for 0.5 58 78 116 ha
IMW by cutting cycle
Area of cereal land needed for meeting 233 310 465 ha
straw demand of 0.5 MW by cutting cycle
Area of energy wood plantation needed for 116 155 233 ha
continuous operation
Area of cereal straw needed for continuous 233 310 465 ha
operation
2/3 woodchips, 1/3 cereal straw combustion
IAmount of biomass needed for 0.5 MW 1861 1861 1861 atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Average yield of cereal straw 4 3 2 t/halyr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
Area of energy wood plantation needed for 0.5 78 103 155 ha
IMW by cutting cycle
Quality of cult.area
Good [ModeratdLimited
2/3 woodchips, 1/3 cereal straw combustion
IArea of cereal land needed for meeting 155 207 310 ha
straw demand of 0.5 MW by cutting cycle
|Area of energy wood plantation needed for 155 207 310 ha
continuous operation
|Area of cereal straw needed at one location for 155 207 310 ha
continuous operation
1/3 woodchips, 2/3 cereal straw combustion |
IAmount of biomass needed for 0.5 MW 181 | 1861 | 1861 atro tonne/yr
|Average yield of energy wood plantation 8 6 4 atro t/ha/yr
|Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy wood plantation needed for 0.5 MW 39 52 78 ha
by cutting cycle
|Area of cereal land needed for meeting 310 414 620 ha
straw demand of 0.5 MW by cutting cycle
IArea of energy wood plantation needed for 78 103 155 ha
continuous operation
|Area of cereal straw needed at one 310 414 620 ha
location for continuous operation
1/3 woodchips, 1/3 cereal straw, 1/3 communal waste combustion |
IAmount of biomass needed for 0.5 MW 1861 | 1861 1861 atro tonne/yr
|Average yield of energy wood plantation 8 6 4 atro t/ha/yr
|Average yield of cereal straw 4 3 2 t/ha/yr
Combustible waste per capita 0,10 0,10 0,10 t/capita/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy wood plantation needed for 0.5 39 52 78 ha
IMW by cutting cycle
IArea of cereal land needed for meeting 155 207 310 ha
straw demand of 0.5 MW by cutting cycle
|Area of energy wood plantation needed for 620 620 620 tons
continuous operation
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IArea of energy wood plantation needed for 0.5 MW 78 103 155 ha
by cutting cycle

|Area of cereal straw needed at one location for 155 207 310 ha
continuous operation

INumber of population able to release communal
waste needed for continuous operation 6203 | 6203 | 6203 people

In order to supply the fuel needs of a 0.5 MW village heating plant (1861 atro tonnes of
woodchip per year), the area of energy wood plantation varies between 233 and 465 hectares
depending on the quality of cultivation area. If half of the energy biomass is woodchip and the
other half is cereal straw, then energy wood plantation shall be established and harvested in
116 to 233 hectares, and cereal straw, as by-product, shall also be produced in 233 to 465

hectares.

In the case 2/3 of the fuel is woodchip and 1/3 is cereal straw, the area of energy wood
plantation ranges between 155 and 310 hectares, depending on the quality of cultivation area.

The area of cereal land ranges between 155 and 310 hectares, as well.

If 1/3 of the fuel is woodchip and 2/3 is cereal straw, the land proportion changes: in this case
78 to 155 hectares of wood plantation shall be established, but the area of cereal land
increases to 310, 404 or 620 ha respectively. The cultivation area can be saved by sourcing 1/3
of the fuel from communal waste. In this case the area of wood plantation shall be 78, 103 or
155 ha, and the area of cereal land shall be 155, 207 or 310 hectares. According to our
calculations, the required 558 tons of waste can be produced by 5583 inhabitants. This means
that the village heating plant can only be operated by the collaboration of several settlements.

And, of course, a separate waste collection system is also a must.

Due to size limitations of the present paper, we do not give a detailed analysis on the
cultivation area requirements of 1 and 2 MW village heating plants, but we will discuss it for

a 5 MW village heating plant. [24]
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Model calculation of a 1 MW village heating plant [24]

Table 9: Model calculation of a 1 MW village heating plant

powered by biomass fuel (efficiency: 90%)

Quality of cult.area ||
Good [Moderat|Limited
IAmount of biomass needed for 1 MW 3722 | 3722 |3722 | atro tonne/yr
Yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of cereal straw 4 3 2 t/ha/yr
'Woodchips combustion |
IAmount of biomass needed for 1 MW 3722 | 3722 |3722 | atro tonne/yr
IAverage yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area needed for 1 MW by cutting cycle 233 310 465 ha
Area of energy wood plantation needed at 465 620 931 ha
one location for continuous operation
Quality Unit
Good Moderate Limited |

1/2 woodchips, 1/2 cereal
IAmount of biomass needed| 3 722 3722 3722 atro tonne/yr
|Average yield of energy 8 6 4 atro t/ha/yr
|Average yield of cereal 4 3 2 t/ha/yr
Cutting cycle of energy 2 2 2 year
Yield of one cutting cycle 16 12 8 t/ha/2yr
|Area of energy wood 116 155 233 ha

lantation needed for 1
|Area of cereal straw 465 620 931 ha
needed for 1 MW by
|Area of energy wood 233 310 465 ha

lantation needed at
|Area of cereal straw 465 620 931 ha
needed at one
2/3 woodchips, 1/3 cereal
IAmount of biomass needed| 3 722 3722 3722 atro tonne/yr
|Average yield of energy 8 6 4 atro t/ha/yr
|Average yield of cereal 4 3 2 t/ha/yr
Cutting cycle of energy 2 2 2 year
'Yield of one cutting cycle 16 12 8 t/ha/2yr
|Area of energy wood 155 207 310 ha

lantation needed for 1
|Area of cereal straw 310 414 620 ha
needed for | MW by
IArea of energy wood 310 414 620 ha
plantation needed at
|Area of cereal straw 310 414 620 ha
needed at one

1/3 woodchips, 2/3 cereal
IAmount of biomass needed| 3 722 3722 3722 atro tonne/yr
|Average yield of energy 8 6 4 atro t/ha/yr
|Average yield of cereal 4 3 2 t/ha/yr
Cutting cycle of energy 2 2 2 year
Yield of one cutting cycle 16 12 8 t/ha/2yr
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|Area of cereal straw
needed for 1 MW by 8 103 155 ha
cutting cycle
|Area of cereal straw 620 827 1241 ha
needed for 1 MW by
|Area of energy wood 155 207 310 ha

lantation needed at
|Area of cereal straw 620 827 1241 ha
needed at one

Quality Unit
Good Moderate Limited |

1/3 woodchips, 1/3 cereal ¢
IAmount of biomass needed| 3 722 3722 3722 atro tonne/yr
|Average yield of energy 8 6 4 atro t/ha/yr
|Average yield of cereal 4 3 2 t/ha/yr
Combustible waste per 0,10 0,10 0,10 t/capita/yr
Cutting cycle of energy 2 2 2 year
'Yield of one cutting cycle 16 12 8 t/ha/2yr
|Area of energy plantation 78 103 155 ha
needed for 1 MW by
IArea of cereal straw 310 414 620 ha
needed for 1 MW by
Communal waste needed 1241 1241 1241 tons
|Area of energy wood 155 207 310 ha

lantation needed at
|Area of cereal straw 310 414 620 ha
plantation needed at
Number of population 12 407 12 407 12 407 people
able to release

Model calculation of a 2 MW village heating plant [24]

Table 10: Model calculation of a 2 MW village heating plant

powered by biomass fuel (efficiency: 90%)

Quality of cult.area

Good [Moderat|Limited
Amount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
'Yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of cereal straw 4 3 2 t/hal/yr
'Woodchips combustion |
Amount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area needed for 2 MW by cutting cycle 465 620 931 ha
|Area of energy wood plantation needed at 931 1241 | 1861 ha
one location for continuous operation

Quality of cult.area

Good |M0derat| Limited

1/2 woodchips, 1/2 cereal straw combustion

IAmount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
|Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
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for continuous operation

Area of energy wood plantation needed 233 310 465 ha
for 2 MW hv cuttine cvele

Area of cereal straw needed for 2 MW by 931 1241 | 1861 ha
cutting cycle

Area of energy wood plantation needed at 465 620 931 ha
one location for continuous operation

|Area of cereal straw needed at one location 931 1241 |1 861 ha

2/3 woodchips, 1/3 cereal straw combustion

for continuous operation

IAmount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
|Average yield of energy wood plantation 8 6 4 atro t/ha/yr
|Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
Area of energy wood plantation needed 310 414 620 ha

for 2 MW by cutting cycle

|Area of cereal straw needed for 2 MW by 620 827 1241 ha
cutting cycle

|Area of energy wood plantation needed at 620 827 | 1241 ha

one location for continuous operation

Area of cereal straw needed at one location 620 827 |1 241 ha

1/3 woodchips, 2/3 cereal straw combustion

for continuous operation

Amount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
|Average yield of energy wood plantation 8 6 4 atro t/ha/yr
|Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t//ha//2yr
Area of energy wood plantation needed for 155 207 310 ha

2 MW by cutting cycle

|Area of cereal straw needed for 2 MW by 1241 1654 | 2481 ha
cutting cycle

|Area of energy wood plantation needed at 310 414 620 ha

one location for continuous operation

|Area of cereal straw needed at one location 1241 | 1654 | 2481 ha

Quality of cult.area

Good |M0dera|Limited

1/3 woodchips, 1/3 cereal straw, 1/3 communal waste combustion

for continuous operation

IAmount of biomass needed for 2 MW 7444 | 7444 | 7444 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 | atro t/ha/yr
Average yield of cereal straw 4 3 2 t/ha/yr
Combustible waste per capita 0,10 0,10 0,10 t/capita/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy wood plantation needed 155 207 310 ha

for 2 MW by cutting cycle

|Area of cereal straw needed for 2 MW by 620 827 | 1241 ha
cutting cycle

Communal waste needed for 2 MW 2481 | 2481 | 2481 tons
Area of energy wood plantation needed at 310 414 620 ha

one location for continuous operation

|Area of cereal straw needed at one location 620 827 | 1241 ha
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Number of population able to release

communal waste needed for continuous

24 813

24 813

24 813

people

Model calculation of a 5 MW village heating plant [24]

Table 11: Model calculation of a S MW village heating plant

powered by biomass fuel (efficiency: 90%)

Quality of cult.area

1

one location for continuous operation

Good |Moderat|Limited
Amount of biomass needed for S MW 18609 |18 609 |18 609 | atro tonne/yr
Yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of cereal straw 4 3 2 t/ha/yr
'Woodchips combustion
/Amount of biomass needed for 5 MW 18609 | 18609 |18 609 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
Area needed for 5 MW by cutting cycle 1163 | 1551 | 2326 ha
/Area of energy wood plantation needed at 2326 | 3102 | 4652 ha

Quality of cult.area

Good |Modera|Limited

1/2 woodchips, 1/2 cereal straw combustion

one location for continuous operation

IAmount of biomass needed for 5 MW 18609 |18 609 |18 609 | atro tonne/yr
|Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Average yield of cereal straw 4 3 2 t/hal/yr
Cutting cycle of energy wood plantation 2 2 2 year
Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy wood plantation needed for 582 775 | 1163 ha

5 MW by cutting cycle

Area of cereal straw needed for 5 MW by 2326 | 3102 | 4652 ha
cutting cycle

|Area of energy wood plantation needed at 1163 | 1551 | 21326 ha

one location for continuous operation

|Area of cereal straw needed at one location 2326 | 3102 | 4652 ha

for continuous operation

2/3 woodchips, 1/3 cereal straw combustion |
IAmount of biomass needed for 5 MW 18609 |18 609 |18 609 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy wood plantation needed for 775 | 1034 | 1551 ha

5 MW by cutting cycle

|Area of cereal straw needed for 5 MW by 1551 | 2068 | 3102 ha
cutting cycle

Area of energy wood plantation needed at 1551 | 2068 | 3102 ha
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Area of cereal straw needed at one location 1551 | 2068 | 3102 ha
for continuous operation

1/3 woodchips, 2/3 cereal straw combustion |

Amount of biomass needed for 5 MW 18609 |18 609 |18 609 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 atro t/ha/yr
Average yield of cereal straw 4 3 2 t/ha/yr
Cutting cycle of energy wood plantation 2 2 2 year
IYield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
|Area of energy plantation needed for 5 MW by 388 517 775 ha
cutting cycle

|Area of cereal straw needed for 5 MW by 3102 | 4135 | 6203 ha
cutting cycle

|Area of energy wood plantation needed at 775 | 1034 | 1551 ha

one location for continuous operation

Area of cereal straw needed at one location 3102 | 4135 | 6203 ha
for continuous operation

Quality of cult.area
Good |M0dera| Limit |
1/3 woodchips, 1/3 cereal straw, 1/3 communal waste combustion |

IAmount of biomass needed for 5 MW 18609 |18 609 |18 609 | atro tonne/yr
Average yield of energy wood plantation 8 6 4 | atro t/ha/yr
Average yield of cereal straw 4 3 2 t/ha/yr
Combustible waste per capita 0,10 0,10 0,10 t/capita/yr
Cutting cycle of energy wood plantation 2 2 2 year
'Yield of one cutting cycle in energy wood 16 12 8 t/ha/2yr
Area of energy plantation needed for 5 MW by 388 517 775 ha
cutting cycle

Area of cereal straw needed for 5 MW by 1551 | 2068 | 3102 ha
cutting cycle

Communal waste needed for 5 MW 6203 | 6203 | 6203 tons
Area of energy wood plantation needed at one 775 | 1034 | 1551 ha
location for continuous operation

Area of cereal straw needed at one location for 1551 | 2068 | 3102 ha
contmuous operation

INumber of population able to release communal 62 030 |62 030 (62030 people
waste needed for continuous operation

Compared to the previously shown 0.5, 1 and 2 MW village heating plants, the establishment
of a 5 MW village heating plant represents a significant increase both in size and power, as

the annual operation requires biomass equivalent to 18609 atro tonnes.

If the operation is based exclusively on woodchips, then energy wood plantation shall be
established, cultivated and harvested in 2326 ha, or 3102 ha (moderate quality areas), or 4562 ha
(in limit cultivation areas). Taking a limit cultivation area in consideration, this size
corresponds to a region of 30 km diameter, which is equivalent to the size of a larger micro-
region. This also means that a 5 MW heating plant is usually used for supplying heat to a

micro-regional centre rather than a village.
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If half of the energy biomass is woodchip and the other half is cereal straw, then the area of
energy wood plantation is 1163 ha, 1551 ha or 2326 ha, respectively depending on the quality
of cultivation area. Naturally, it is exceptional that only one type of cultivation area is found
within a micro-region; it is more typical that all three categories are found. The majority of
micro-regions having unfavourable cultivation conditions are moderate or limited quality
cultivation areas. In order to supply the cereal straw (half of the biomass demand) 2326 ha
(good quality) or 3102 ha (moderate quality) or 4652 ha (limited quality) of cereal shall be

harvested.

In areas where mostly moderate or limited cultivation areas are found, 2/3 woodchips, 1/3
cereal straw combustion may be more typical. In this case, the area of required wood plantation
is 1551 ha (good), 2068 ha (moderate) or 3102 ha (limited quality cultivation area). Due to
average yields of cultivation areas, the area of cereal crop shall be equal to that of the energy

wood plantation in order to supply the required amount of cereal straw.

If good and moderate cultivation areas prevail in the supply region of the 5 MW heating
plant, the 1/3 woodchip and 2/3 cereal straw combustion is a more probable scenario. In this
case the energy wood plantation area shall be 775 ha, 1034 ha or 1551 in good, moderate and
limited cultivation area, respectively. The cultivation area of cereal shall be 3102 ha, 4135 ha
or 6203 ha in good, moderate and limited cultivation area, respectively. Please note that in
micro-regions where good and moderate cultivation areas dominate, some patches of limited

cultivation areas may also be found.

We have to make a separate evaluation for cases when the 5 MW heating plant is powered by
woodchips in 1/3 part, cereal straw in 1/3 part and communal waste in the third 1/3 part. In this
case energy wood plant shall be established, cultivated and harvested in 775 ha, 1034 ha or 1551
ha in good, moderate and limited cultivation area, respectively. The necessary area of cereal
cultivation is 1551 ha, 2068 ha or 3102 ha, respectively. If 1/3 of the fuel of the 5 MW
heating plant or small combined cycle power plant is supplied from communal waste, the
amount of necessary separate and combustible communal waste can be produced by 56
thousand inhabitants. It is clear that this can only be economically provided when the 5 MW

heating plant is established as close to the regional waste management plant as possible.

The competitive economy and social economy are systems that do not exclude but

supplement each other and can co-exist as well as provide passage between the two spheres.
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It is clear that no settlement, micro-region, county or region can focus on activities purely in
the social economy. Instead, the proportion of the two spheres has to be adjusted to suit
local conditions. The passage between the spheres is not open to private individuals only,
but it is also reasonable (and, of course, depends on prosperity) that an enterprise involved
in the social economy steps into the competitive economy, or, in a recession, an enterprise

operating in the business sector steps into the social sphere.

The human ecological footprint has been shown a shortage since 1986, and is 40% in 2008,
which means that on 23rd of September 2008 we have already consumed all the natural
resources available for the whole year. Despite the global financial crisis, the 2009 figures look
very similar: on 25th September 2009 all the resources are consumed, indicating that we will
have to face increasingly more pain in the future. The problem is even graver given that the
most developed countries lead the way in environmental damage. And it is also not comforting

that China, India and other developing countries make up for their lag at full speed in this field.

Local development effect of settlement heating plants and small combined cycle power
plants

The following table shows the local development effect of settlement heating plants and small
combined cycle power plants. [24]

Table 12: Local development effect of settlement heating plants and small combined cycle
power plants [24]

Economical Social

e productivity of labour |4 | life quality 5 [ quality of 4
e employment 5 |= living standard 5 —soil 4
e research & 4 |= local revenue 5 —water 4
e infrastructure 4 |= human capital 4 — air 4
e cxternal capital ;  skills of labour force 4 | energy demand of 5
linvestment transportation
e small and medium 4 N 5 = environmental risk 4
sized enterprises ;Olclli:tlltcLéltII)(i)'[I:la,alll and
e structure of economy|5 [¢ innovation culture 4

= structure of society 5

= decision centres 5

= social cohesion 5
total 29 47 25
grand total 101
excellent = 5, good = 4, moderate = 3, low = 2, poor = 1
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3. SOLAR AND WIND ENERGY

Today we are well aware of the fact that life is possible because of the heat from the Sun,
because of sunshine. Organic compounds in plants exist because of the heat coming from the
Sun as well as the formation of mineral oil, natural gas or carbon. It is the heat of the Sun that
makes the water from lakes, seas, rivers evaporate into the clouds. This is from where
moisture can get in the mountains, water coming down from there can provide energy to be
utilised. The largest part of the energy resources we know and utilise today can be traced back

to sunshine.

Renewable solar energy, as opposed to resources of fossil origin, can mean a long-term
solution to meet the energetic demands of the population, since it is present continuously or at

least with certain frequency in nature.

The radiance capacity of the Sun, regarding the proportion that reaches the surface of the
earth is approximately 173 x 1012 kW, more than a thousand times more than the present
energy demands of the human population. The yearly amount of energy reaching the surface
of the Earth from the Sun is the equivalent of the energy 60 billion tons of oil. If only one
percentage of it could be used, with only 5% efficiency, then every person on the planet could

use as much energy as any inhabitant of the developed world.

The utilisation of the energy coming from the Sun can be implemented in different ways: with
photovoltaic vehicles (PV), i.e. through solar panels the energy of the solar radiation is
converted into electric energy. With the help of an appropriate inverter in can be re-

transmitted into the electricity network.
Utilisation of heat energy, which can be done passively or actively:

a. passively: the utilisation can happen with the appropriate orientation of
the buildings, or with other architectural solutions (not discussed in this

analysis)

b. actively: through sun collectors and with other appliances water is
heated with the help of solar energy (hot water consumption, heating

supplementation).
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As a result of the thermonuclear reaction in the Sun, energy is unbound that leaves the surface
of the Sun in the form of radiation towards the universe. The proportion of this significant
amount of energy reaching the surface of the earth is 2,107 J yearly, equalling to ten times
more of the whole energy demands of the Earth. The radiation reaching the surface of the
earth is influenced by several other factors, for example geographical location, atmospheric

circumstances, time of day, etc.

Advantages of solar energy utilisation:
e Reduces the dependency on fossil energy resources.
e Permanent resource (2100-2300 hours/year!)
e Simple operation and maintenance
e Photovoltaic solar panels can produce solar energy when in the shadow

e Solar energy is a renewable source, as long as there is the Sun; its energy

reaches the earth.

e The utilisation of solar energy does not result in water emission or

environmental pollution.

e With the widespread use of technology, the cost of production can be reduced

significantly.

The utilisation of solar energy, thus of solar panels and sun collectors has great potentials for
the future. The solar energy reaching the surface of the earth in an hour is adequate to the

yearly consumption of the inhabitants of the Earth.

50



3.1 Solar energy in Hungary

Solar energy is one of the most easily utilizable, clear and accessible energy resources. Solar
energy can be utilised directly or indirectly, the absorbed radiation energy can be used through
solar panels as electricity or through solar collectors as heat-energy. The future of solar energy
utilisation shows great promises.In the last 10 years the price of an average solar panel
module has decreased from 10 euro/W to 3 euro/W, moreover, with its 35% average growing

speed, solar energy use is one of the fastest developing industries.

Despite all this, solar energy utilisation in Europe is low, in 2004 less than 1% of renewable
energy use was of solar energy origin in the 25 countries of the European Union.
Nevertheless, Germany is the world leader as far as solar panel energy resources are
concerned, where, due to the favourable legislative conditions, solar energy grew to be a 2
billion Euro industry by 2004, with 30 thousand employees, leaving thus behind the
previously leading USA and Japan.

As far as solar energy use is concerned, the environmental conditions of Hungary are
favourable, the yearly number of sunlit hours is 1900-2200. This is significantly higher than
for example in Austria or Germany, yet, its domestic utilisation is still much lower than
there.On the basis of the research executed by the Hungarian Academy of Sciences, the
theoretical potential 1838 PJ and the present utilisation (0.1 PJ) are significantly behind the
potential, believed to be exploitable by the experts (4-10 PJ).

The most widespread utilisation of solar energy is solar traps (confined glass covered space,
where the incoming sunlight is utilised), sun collectors, which can accommodate with
heating-cooling systems of houses, and warm water production. The optimum possibility for
use is the public, institutional warm water production. Efficient, reliable technologies,
domestic and import products, equipment are available. Approximately 50-70% of the yearly
need of warm water for an average family can be supplied by 4-6 m2 sun collectors (2-3

panels).

The 1999 governmental act concerning the use of renewable energy aimed at achieving 20
thousand roofs with sun collectors by 2010, nonetheless, only 450 houses received financial

assistance to implement this until 2006. Today’s total surface of built in solar collectors is
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approx. 50 thousand m2, which has mainly been realised by the financial support of the

application system from the long-term energy-saving programme of the Ministry of Finance.

The utilisation of solar energy can be accelerated by the 2002/91/EK directive, regarding the
energy efficiency of buildings, which was domesticated by the 7/2006 (V.24.) act of the

Paymaster, but the complete adoption of the directive is not solved by this act itself.

According to the directive, at new buildings larger than 1000 m2, the economical aspects of
decentralised, renewable energy utilising systems and telethermal heating should also be

examined.

The utilisation of solar energy to produce electricity through solar panels, in photovoltaic way
is not so widespread; the majority of the domestic applications are designed for autonomic
electricity supply with the use of appropriate storage. A wider utilisation is impeded by the
high cost of the sun cell equipment (the payback time is about 100 years), thus the domestic
potential will remain unexploited until a significant decrease in the costs of solar panel
production. In the future this solution can be applied in the case of small farms with no
electricity supply, since in the case of larger distances the establishment of a solar panel

autonomic electric power supply can altogether be cheaper than the network connection.

The level of solar energy utilization in Hungary can only be estimated, according to which in
2006 the built-in capacity was 155 Wkp' in case of solar panels, while in sun-collectors it was
approximately 35 MWth. The amount of energy produced with solar energy in 2007 was 106
TJ. Even though several foreign producers manufacture solar panels in Hungary, nonetheless,
they export almost all the produced items. Recently the Hungarian solar panel market has

shown signs of significant development.

The amount of solar energy utilised in Hungary is fairly low presently, despite the fact that on
the basis of the yearly number of sunlit hours the conditions in Hungary are more favourable
than in Germany or Austria. Larger projects are rarer, in case of solar collector-surfaces the
measure of the largest system is approximately 1000 m?, while in the case of solar panels it is
29 kW, thus the reliability of the data available is questionable, also due to the fact that the

sporadical utilisation of the energy is generally connected to the population.

" The capacity of solar modules and solar systems is defined precisely in Wp, or kWp units. The letter ‘p’ stands
for ‘peak’, i.e. it refres to the peak capacity.
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Built in capacity (2006): 55 kW solar panels; 35 MWth sun collectors
The amount of produced energy (2007): 106 TJ

Estimated theoretical potential: 1740 PJ/year

Compulsory transfer price: 26, 46 Ft/ kWh

Characteristic invested amount

In sun-collector system: 700-1000 EUR / m?

In solar panel system: 6000-8500 EUR/ kW

£ & I
1300

1275 1250  (kWh/m?, év)

1225 1200 1115 (kWh/m2, év)

Table 18:The amount of solar radiation in Hungary ( Naplop6 Ltd.)

To sum up, the favourable domestic conditions could be utilised by solar collector heat-
production for public warm water supply, and for additional heating. The widespread use is
however discouraged by the asymmetric support in the financially aided natural gas process

and renewable electricity production.
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3.2 Climatic conditions of Hungary

While preapring the study, it was not without difficulties to obtain the necessary information.
The team preparing the analysis asked for information from the Hungarian National
Meteorological Office as well as from the Romanian National Meteorological Administration
concerning the given territories, nonetheless, despite the quick answers and the Authorities
being helpful, none of the institutes could provide a great amount of information, data, graphs
and publications, most importantly, no specifically about the given region. In Szabolcs-
Szatmar-Bereg county there exists no observatory at the moment that could measure the
amount of solar radiation. Debrecen is the closest place where these types of measurements
are being executed. A similar answer arrived from the Romanian side, too, - even though there
are two stations in Satu Mare county, none of them are suitable or used for solar radiation
measurement. The Romanian colleague called our attention to the fact that no study has been
prepared so far specifically about Satu Mare County, as far as renewable energy and the

required data are concerned.

From both sides we received useful indications, links with the help of which and with further
secondary research the required material could be compiled. Due to the reasons described
above, the graphs, statistics and tables do not always contain the latest information, most of

the times the present situation is described with the help of historic data.

The climate of a given territory is defined by its geographical position ( by its place on a
circle of latitude, thus by the solar radiation level connected to it, moreover, its altitude and its
distance from the sea). Hungary in this respect, because of its middle latitudinal position, is
situated between the hot tropical and the cold (arctic) climate zones, in the temperate zone.
The Hungarian climate has four, clearly distinguishable seasons, characteristically high
summer temperature and low winter temperature, furthermore, significant western

atmospherical motion.

An important factor influencing the climate of the country is its distance from the sea, since
large water surface can give rise to the formation of atmospherical motions with specific
thermodynamic features and humidity levels that, upon arrival in our area, bear great impact
on our climate. Consequently, the close Mediterranean Sea and the farther Atlantic Ocean

both have a decisive role in the formation of the thermodynamic conditions and precipitation
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supply of Central Europe. The North Sea contributes to the formation of our climate with its
cold atmospherical motions. The huge Eurasian continent has a serious impact on our climate,
as well, from where the coldest bodies of air arrive during winter, when the Siberian

anticyclone expands into the European territory.

The yearly changes in our climate greatly depend on the humid, warm and slightly polluted
subtropical air bodies arriving from the south (SE, S, SW), with 40% frequency.
Approximately 25% is the likelihood of the arrival of the clean and humid temperate
atmosherical body of air , coming from the western, northwestern part of the Atlantic Ocean,
which is warm in winter and cold in summer. The likelihood of the arrival of arctic cold, dry
and very clean air is 20%, the dry, polluted and hot in summer, cold in winter (sometimes very

cold) Siberian bodies of air arrive with a 15% frequency.

The conditions regarding precipitations are determined by the bodies of air arriving from the
Atlantic Ocean, this type of air being mainly responsible for the hailstorms as well. The most
abundant daily precipitations come from the Mediterranean cyclone. The highest temperatures
are measured in the presence of subtropical air, while the lowest values are seen when the
winter, Siberian anti-cyclone moves towards the west in the snowy Carpathian-Basin. Longer

droughts appear when the Azovi and Siberian anticyclone systems interfere for a longer time.

The Carpathian Mountains also influences our climate by modifying the motion of air, which
is manifested in more sunshine and less precipitation. The mountain-chain reaching over a
thousand metres in altitude impedes the movement of the lower atmospherical fronts,
modifies their movement and reduces their speed. In winter, its modifying nature can also be
seen in the longer ’settling down’ of the cold body of air (the so called ’cold aircushion’ is
formed), which can cause a delay in the arrival of the warming western body of air. In some
situations it can also give protection against the appearance of northern and eastern cold air-

bodies.

3.2.1 Solar radiation

On the Earth the most significant resource of energy is the Sun. Approximately 51% of its
radiation reaches the surface of the Earth. 23% of the radiation is absorbed by atmospherical

gases and is turned into heat, 26% is reflected and radiated into the universe. 33% out of the
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51% reaches the surface of the Earth as direct radiation, while 18% as indirect (diffuse

radiation).

The total yearly amount of solar radiation in Hungary is 42004600 MJ/m2, while the number
of sunlit hours is approximately 1700-2200. The highest values are recorded in the Hungarian
Plain, the lowest in the western and northern parts of the country. As far as the utilisation of
solar energy is concerned these are appropriate values. The radiation and sunlit period values
are highly influenced the amount of clouds, whose values are between 35 and 78%regarding
the territorial and monthly distribution. The clearest period is the end of summer, while
December sees the most clouds as a result of the frequent fog. In a yearly average overcast
periods appear the least in the middle of the Plain, with an average of 50%, while the highest
value is 66% around the Pre-Alps region. Due to the special distribution in clouds, in winter
our mountains receive twice as much sunshine as the foggier and more overcast areas in the

Plain.

The table shows that the distribution of sunlit areas is not balanced, but the differences are not
significant and the whole territory of the country could be suitable to directly utilise solar

energy in an efficient way.

On the basis of the research executed by the Hungarian Academy of Sciences, the theoretical
potential 1838 PJ, but the present utilisation (0.1 PJ) is significantly behind the potential,
believed to be exploitable by the experts (4-10 PJ).

In the case of domestic utilisation, thermal use is more frequent, and hopefully its significance
will further increase in the near future. The number of built-in sun-collectors is an estimated
50 thousand square metres, which keeps increasing by a yearly 10 thousand square metres. In

2010 690 kWh solar panels were operational in Hungary.

Hungary is situated between the northern 45° 48°, and 48° 35’ latitudes. In reality, it is found
at an equal distance from the Equator and the North Pole. The geographical position
determines the climate of the country and the solar radiation values that reach the territory of
Hungary. Out of the 1352 W/m2 solar intensity — due to the losses because of the clouds — a
137 W/m2 specific capacity value can be considered. As far as the yearly average is
concerned, the differences are relatively big in the seasons. In December it is 32 W/m2, while

in July 238 W/m2, an almost 7 times bigger value. Besides the changes in intensity, the
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average duration also alters significantly. In December the average is 1.3 hours/day, whereas

in July 9.7 hours/day. This change in intensity, moreover, the average duration define the

expected average amount of energy, i.e. 15.2 MJ/m2 in a month in average in December,

while it is 456 MJ/m2 in July. The difference in the yearly amount of radiation energy

between the regions is fairly small, it does not exceed 5%.
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Figure 20: Average yearly quantity of sunlight in Hungary [hours]
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Table 13: Monthly and yearly average of the quantity of cloudage (%)

Ig/ie;%yar— Keszthely | Pécs | Budapest | Kecskemét | Szeged | Békéscsaba Kékestetd
January |74 71 70 |70 68 71 72 62
February |68 64 64 |65 61 65 67 63
March 61 58 60 |59 55 59 59 52
April 61 58 60 |58 54 59 58 54
May 55 54 53 |54 50 53 52 49
June 55 52 51 |52 48 51 50 51
July 51 47 44 |46 42 42 41 46
August 49 44 40 |43 39 39 39 35
September | 51 47 46 |46 42 42 43 40
October |60 57 56 |57 51 54 54 53
November | 74 71 70 |71 64 69 69 64
December | 78 76 74 |77 71 75 77 65
Year 61 58 57 |58 54 57 57 53
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Figure 21: Monthly average of the quantity of cloudage
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Figure 22: The global and diffuse radiation angle, and the monthly average temperature

Table 14: The number and proportion of monthly potential and real sunlit hours in Hungary

Month Potential Real (%
(hour/month) | (hour/month) | )

January 278 581 20
February 289 85| 29
March 371 140| 38
April 411 196 | 47
May 470 250 53
June 477 275 57
July 480 309 | 64
August 440 283 | 64
September 376 213 | 56
October 336 1451 43
November 280 60| 21
December 264 42| 16
(Syuer:glary 4472 2057| 46
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Table 15: The daily and monthly amount of average sunshine on horizontal surface

(kWh/m2, day) month) ’
January 0.7756 24
February 1.468 41
March 2.733 85
April 4.13 124
May 5.171 160
June 5.75 172
July 5.807 180
August 4.988 155
September 3.82 115
October 2.184 68
November 0.826 25
December 0.533 17
Year total 3.2 1, 166

3.2.2 Wind

The yearly average of speed is 2.5-3.5 m/s in the country, a relatively low value in Europe.
This value is not favourable as far as the utilisation of wind is concerned. The main
characteristic of Hungary’s wind climate is that the distribution of the main winds reflects the
effect of the Alps and the Carpathian Mountains. On the basis of the relative frequency values
of the main winds, the most significant wind in the western part and in the middle of the
country is north, northwestern, while on the Hungarian Plain northeastern winds are more
frequent. The frequency of the calm created because of geographical effects is the lowest in
the Hungarian Plain. The yearly distribution of wind is also characteristic. The windiest
season is the first half of spring (4.0-4.5 m/s), while the least wind can be experienced at the
end of summer and at the beginning of autumn (with 1.5-2.5 m/s monthly average). The air-
strata close to the surface bears the geographical characteristics, therefore the windiest areas

are in the northwestern part of the country and in the higher places of our mountains.
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Figure 24: The yearly average wind-speed at a 25m altitude in Hungary
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Figure 25: The yearly average wind-speed at a 75m altitude in Hungary
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Table 16: Relative frequency of different winds, in %

Magyarovar | Szombathely | Zalaegerszeg | Budapest | Szeged | Békéscsaba | Nyiregyhaza | Eger
N 7 27 23 10 16 15 12 14
NE |4 9 7 8 8 17 25 9
E 4 2 2 5 6 5 3 8
SE |18 2 8 8 11 10 7 8
SE |9 8 18 7 16 12 6 7
SW |6 19 9 6 10 14 22 9
w7 7 2 10 11 8 4 11
NW |35 7 6 26 17 13 8 19
Calm| 10 19 25 20 5 6 13 15

Table 17: The yearly courses of the winds in Hungary (m/s)

Szombathely | Zalaegerszeg | Pécs | Budapest | Szeged | Debrecen | Miskolc

January 3.6 2.6 32 |33 3.3 3.3 2

February 3.6 2.6 3.5 3.7 3.4 32 2.1
March 4.1 2.9 4 4.1 4 3.5 2.6
April 4.2 3 4.1 |42 3.7 3.5 2.6
May 33 23 32 |37 32 32 2.3
June 32 22 3 3.6 29 2.8 2.1
July 2.7 1.8 29 |35 29 2.7 1.9
August 2.7 1.9 1.8 [3.6 2.7 2.5 1.9
September |2.6 1.6 1.7 3.2 2.6 2.5 1.8
October 2.8 1.9 3 33 3 2.6 1.7
November |3.3 2.1 3.1 |3 3 2,5 1.5
December |[3.7 2.6 3.. 3.6 3.7 3.6 2

Year 33 23 33 |34 32 3 2.1
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A significant difference can be seen between the two maps (Figure and Figure ), at 75 m
altitude the speed of the wind is almost everywhere higher than 5 m/s, which can be better

exploited and is more reliable at the same time.

The spatial and temporal distribution of the potential of wind energy is difficult to define, to
obtain exact results long measurement periods are needed at several places and at different

altitude.

The amount of wind energy to be exploited can be estimated by calculations based on

measurements and estimation.

Naturally, over the wind speed and wind efficiency, other factors also influence the
establishment of wind power plants, for example legal, environmental, safety and economical
aspects, etc. Among these the most significant is that, due to different reasons, 65% of the
Hungarian territory is not suitable for the setting up of wind power plants, i.e. considered to
be ’forbidden areas’ (the interior of a settlement, water surface, protected area, high voltage
electricity transmission line, etc.) The 100% utilisation of the Sm/s wind speed, recorded over
60 m altitude - in not forbidden areas — would alone cover approximately half of the present
35 TWh electricity needs of the country. This naturally does not mean that the national
electricity needs could be satisfied in all periods of the year. Due to the changes in speed,
including the calm period, too, wind energy can only be a supplementary energy resource,
since the basic problem for the application of wind power plants is the significant difference

between the available wind efficiency and the consumers’ needs.

Enterprises with lower energy needs or households could be satisfied with smaller windmills,
with some kWh efficiency. These can also operate at lower wind-speed, too. The produced
energy can be stored with the help of batteries, moreover, direct mechanical labour can also be
done (e.g. watering, pumping, etc.). On 31st December, 2009, 108 wind engines were

operational in Hungary, with a total 201, 325 kWh capacity. ( Figure )
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Figure 26: Built-in windmill capacities in Hungary, on 31st December 2009

In our region applications have been prepared for 28 MW capacity, in 6 projects; in Mezotar
3, for 1.5 MW, in Torokszentmikloés for 1.5 MW, in Hajdunanas for 2 MW and in Nyiradony
for 20 MW capacity windmills.

3.3 SWOT-anaylsis of Szabolcs-Szatmar-Bereg county for the utilisation of
renewable energy

In the SWOT-analysis of Szabolcs-Szatmar-Bereg we look at the conditions, collected in four
main groups, that influence the renewable energy development of the region, in positive or
negative ways. The analysis provides an opportunity to consider the elements that can be used

to project for the future and to define strategic targets as well.

The analysis mainly summarises the observations concerning renewable energy. From the
analysis of the situation and from the elements of the SWOT analysis one can reach a
‘normalised’ conclusion, on the basis of which the future prospects of renewable energy

utilisation and strategic objectives can be defined.
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Strengths

Weaknesses

Favourable natural characteristics for certain renewable energy resources
Appropriate capacity in renewable energy resources

High potential of biomass (firewood) in Szabolcs-Szatmar-Bereg county
High potential of bio-fuel in Szabolcs-Szatmar-Bereg county
Favourable geothermal energy potential

Favourable wind energy potential

Favourable solar energy potential

Favourable water energy potential

Operating regional energy agency in the region

Growing interest and need for the utilisation of renewable energy
Decrease in the utilisation of fossil energy

An intensified involvement of public workers in energy economy

Low proportion of renewable energy in energy consumption
Predominance of fossil energy resources

Low public environmental awareness

Lack of information and distrust of the utilisation of renewable energy
Lack of consultation network

Municipalities with no financial resources
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Opportunities

Risks, dangers

Half of the small regions belong to the category of *The most disabled and

with the most disabled complex programme’

Approximately 80% of the small regions belong to the stagnating or the
hanger-back type

Availability of human resource (high rate of unemployment)

Green electricity can provide a chance to spread micro power plants (water,

solar panels, biogas)

Expectations from the European Union to utilise renewable energy
Using application resources

Municipalities can join the organisation of the Covenant of Mayors
Local tax reduction possibilities for energy-conscious enterprises
Participation on the energy free-market

Setting up common energy organisations together with other settlements
Initiation of local energy programmes

Teaching environmental and energy conscious behaviour in schools
Increase in the price of fossil energy resources

Utilisation of environmentally hazardous materials for energetic purposes

(e.g. Sewage water, animal, butchery waste, etc.)

Continuance of economic crisis

Narrowing outer financial resources

Different natural characteristics within the region and in the counties
No governmental aid for the production of renewable thermal energy
No coherence between energetic plant cultivation and consumers’ needs

Tension between the agricultural and food targeted production
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e Continuance of droughty periods

3.3.1 Solar energy in Szabolcs-Szatmar-Bereg County

This chapter summarises the evaluation of the countywide radiation conditions, the

information required for the utilisation of solar energy, and the meteorological features.

Table 18: The monthly and yearly sum of the sunlit hours in a 60-year average (1901-1960)

Observatory Nyiregyhaza | Kisvarda
January 62 62
February 75 72
March 139 136
April 189 184
May 251 238
June 259 248
July 281 296
August 262 263
September 191 201
October 136 147
November 67 73
December 46 36
Yearly total 1960 1966

If the capacity values concerning the county are taken into consideration, then it can be seen
that yearly 1950-2000 hours of sunlit time is characteristic and the 75% of the area falls onto
the 2000 hours isograph part. Comparing the potential number of sunlit hours with the real

number of sunlit hours, the value is 46.6% in the examined part.

In some years the number of sunlit hours exceeded 2000 hours, e.g. in 1950 in Nyiregyhaza

the value was 2280, in 1951 2106 and in 1952 2068. In 1961 it even reached 2341 hours.
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The yearly global radiation measured in the area does not show significant differences, its

value is 104-106 kg Cal/ m** This is only 2 kg Cal/m” less than the highest value recorded

near Kalocsa.

Summarising it, in our territory the value is 30 x 10" Joule per annum. This corresponds to

the thermal energy coming from the utilisation of 100 1 oil/ each m*.

In connection with the production of photovoltaic energy the attached table shows the

radiation values in Kisvarda per one surface unit.
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Figure 27: The yearly graph of the radiation energy per one surface unit
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Figure 28: The solar panel charging graph in Kisvarda, in a 3-year average

68



3.3.2 The summary of the meteorological characteristics of Szabolcs-Szatmar-Bereg

County

The climatic data concerning the utilisation of solar energy in Szabolcs-Szatmar-Bereg

County are the following:

As for solar radiation, regarding the period between 1958 and 1982, on the basis of the
national monthly values of the 25 years and yearly sums, the values of the county compared to
the values of Hungary show that the number of the sunlit hours is around the average, or a bit
less. A more detailed analysis of the data regarding the county is not possible, due to the
limited number of observatories (Kisvarda, Nyiregyhéaza), and a limited database (only some

years of measured values, with interrupted periods).

The monthly values of sunlit hours for the year 1992, the last year with complete data, in
Nyiregyhaza show that even if there was drought in Hungary, thus the number is higher than
the average, the conditions of solar radiation of the county corresponded to those of the region
with the highest average amount of solar radiation, i.e. Central and Lower-Tisza region, only
October and November were exceptional. No more detailed analysis was possible because of

the lack of solar radiation data for the broken periods.
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Figure 29: The monthly amount of sunlit hours, Nyiregyhaza, 1992
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Figure 30: The number of sunlit hours between 1916-2001

The national network of global radiation is even less frequent than that of the solar radiation
and it has shorter — often interrupted — time sequence. The analysis of global radiation in
Nyiregyhdza was prepared on the basis of the monthly values from the last year with complete
data, 1987. If it is compared to the average radiation map of Hungary, it can be seen that
mainly the months of July-August-September carry such radiation level for the city of
Nyiregyhdza present only in the centre of the Hungarian Plain, where the global radiation
level is the highest. From this one can conclude to the presence of a hot, dry summer and

Indian summer.

The optimum angle of incidence for the horizontal collectors in the territory of Szabolcs-
Szatmar-Bereg county is 36°- 44°in a yearly average. In summer the optimum angle of

incidence is 29°. To achieve this, the best perpendicular direction is that of the southern.

3.3.3 Wind energy in Szabolcs-Szatmar-Bereg County

The measurement of wind-speed in Szabolcs-Szatmar-Bereg County started in 1901 in
Nyiregyhdza and Kisvarda, while between 1931 and 1950 there was another observatory in

Matészalka as well.
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3.3.3.1 The direction of the wind

When examining the frequency of the wind in Nyiregyhdza, Kisvarda and Matészalka, the

following observations can be made.

In Nyiregyhaza the most frequent directions of the wind are northern, northeastern and the
southern, southwestern. On the basis of the average of the period between 1968 and 1980, the
direction was northwestern direction in 23.4%, northern in 9.6%, and southwestern in 17.2%.
The calm of the wind was 22.9%. An interesting detail is the fact that when the old
meteorological observatory was moved from the airport next to the Kemecsei Road and then
to its present location, with higher altitude, the reliability of the data improved to a great deal;
while the frequency of northern direction was 14.95% in a 13 year average between 1980-

1992, beforehand, in 1968-1980 the highest value was that of the north-eastern wind, 23.4%.

Even this being the case, the observation, that the Carpathian Mountains have a great impact
on the direction of the wind and create channel-effect, is still valid. The frequent southern,
southwestern wind of the Hungarian Plain here it blows from the southwest. Morphological
features of the territory should also be taken into consideration, the main sand layers are also

modifying factors.

These directions of the wind are specific in the Nyirség, and at other parts of the county, with
the exception of the northeastern parts. The channel effect can best be observed in Kisvarda.
On the basis of the data from 1971-1980 in Kisvarda, the frequency of the northern wind is
25.2% is the highest, the calm of the wind is 10.2%.

This effect can hardly be shown in Matészalka. The main wind directions keep their leading
positions during the whole year, though significant changes can be observed in the different
seasons. The windiest months in Nyiregyhaza are March, April, or November, December and

January in winter.

The least wind is present in August, September, but there can be yearly differences. In
Kisvarda the windiest months are December, January and April, while August and September

are the calmest here, too.
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Figure 31: Summary of relative yearly frequency in Kisvarda
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Figure 32: Wind directions in 1986 (Nyiregyhaza, 2 m altitude, met. station.)
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Figure 33: Kisvarda, wind direction, December

3.3.3.2 Wind efficiency in the county, wind statistical data

From the point of view of utilisation barren wind speed means such low energy content that it
is not worth considering it. These speed values vary from calm to 7.99 km/h, i.e. 0.3 and 6
km/h wind speed categories. Utilisable speed categories at modern wind mills start at about
3m/sec and finish at the frequency that appear often enough to utilise their total efficiency for
their economical utilisation. This top wind speed defines the capacity of the electric generator
in the windmill. A limited utilisation possibility is meant by the wind-speed values over this
top speed. This energy can even be of destructing force, yet, they can be used, but only up to
the top speed. This top-speed value for the whole of the country is 43.99 km/h. Thus the
specific wind energy of the observatories can be calculated equally in the 8-43.99 km/h wind

speed range, i.e. only the categories between 9 and 42 km/h are considered here.
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Table 19: Utilisable wind hours in Nyiregyhazan, with a 9-42 km/h wind-speed

1978 2,772 hours
1979 2, 664 hours
1980 2, 385 hours
1981 3, 048 hours
1982 2, 949 hours

The five-year average: between 1978-82 2, 763.4 utilisable wind hours.

On the basis of the L = 0.0000133 FV>h formula, the specific energy content of the wind

speed categories can be seen in the graph in Figure . It shows that the efficiency of the wind is

in direct proportion with the third power of the wind and the cross section of the windflow.
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Figure 34: Energy content of wind speed categories

If these categories are multiplied by the wind hours of the categories, the wind capacity of the

wind speed categories and moths can be calculated, and by adding them, the yearly wind

capacity.
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The wind capacity of Nyiregyhaza is the following:

1978 162.98 KWh/m”
1979 122.61 KWh/m’
1980 104.69 KWh/m”
1981 164.65 KWh/m’
1982 329.29 KWh/m’
;teﬁize;:ies: 1 176,84 KWhin?

Figure 35: Wind capacity in Nyiregyhaza

The 329.29 KWh/m® value form 1982 is relatively high, compared to the average and to the
other years. This cannot be explained ont he sole basis of the utilisable wind hours, since 2949
is the value close to the average. During this year the hours of wind speed categories with
high energy increased to a great amount. For example, for the year 1982 for the category 27
one can find 111 hours, while for 1981 only 48. For the category 33 87 hours in 1982, while
only 18 for 1981. The significant difference is due to the changed position of the

meteorological observatory.

Between 1978 and 1981 the observatory of Nyiregyhaza was found on Kotaji street, with a
100m thick forest layer from the northern-southern direction and 400m layer from western-
eastern direction, thus the values measured there are not to be considered realistic. The forest
around the observatory did not alter the number of utilisable hours, but reduced the wind
speed and its force —especially that of the northern, northeastern — significantly. Therefore,
during these years the utilisable hours of the 9-18 km/h category is high, while the value in
the higher categories — 27-42 km/h — is not significant.

In 1982 it can be seen that it is exactly the higher value of utilisable hours for the higher
categories that increases the wind capacity. In 1981 the observatory moved to Kemecsei road,
where the conditions changed significantly. The measured values became more realistic, due
to the lack of impeding factors. It is worth having a look at the year 1983 to prove this. The
number of utilisable wind hours did not change, 2859 hours, a value very close to the average.

The capacity of the wind however was much closer to that of 1982, 332.89 KWh/m?
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significantly higher than in the period of 1978 and 1981. According to Ledacs Kiss Aladar, the

examination of a 2-3 year period is sufficient to see the reality of the opportunities for the

utilisation of wind energy. Therefore, the capacity of the wind for the years 1982-1983 is

more realistic.

The data for Kisvarda for the period of 1978-1982 is examined on the basis of a 24-hour

recording, thus the picture can be more exact. The following tables contain all the wind speed

categories.

1978 3, 160 hours
1979 3, 423 hours
1980 3, 162 hours
1981 3, 176 hours
1982 3, 205 hours
?‘}Zﬁif of the 3, 225.2 utilisable wind hours.

Table 20: Utilisable wind hours in Kisvardan

Since the calm of the wind shows smaller values than in Nyiregyhaza, thus there are more

utilisable wind hours. This also modifies the capacity of the wind, as it can be seen from the

tables.

1978 171.31 KWh/m’
1979 184.04 KWh/m”
1980 141.83 KWh/m’
1981 158.62 KWh/m®
1982 193.48 KWh/m’
ey 169385 K

Table 21: Wind capacity
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Examining the year 1982 here again, it can be seen that the capacity of the wind is the highest
here 193.48 KWh/m?, the number of utilisable wind hours are close to the average, 3, 205
hours. In 1979 this number is higher, 3, 423, yet, its capacity is smaller than in the year 1982.
This also refers to the greater number of higher wind speed categories, with higher energy
content. (No physical impediment in the course of the wind.) There is a significant difference

between the windy and calm months.

The difference here is also very high, for example in 1980, the difference between January
and September is only 7 times, while in 1982 the difference of the wind capacity is 16 times
for December and September. The five-year average for the territory is a monthly 14-15
KWh/ m? value. It is significant that the capacity of the wind for both territories is
outstandingly higher for the month of December compared to the rest of the year, even when
looking at more years. This is the month with the high wind hours of high wind speed
categories and capacities. Having a look at diagrams from other years, the picture is very

similar to this (e.g. data from 1978; Kisvarda, Nyiregyhaza).

In Kisvarda the most significant wind is the stronger northern one, yet, when comparing the
data from Nyiregyhédza from 1982 and 1983 with those of Kisvarda, it can be claimed that in

Nyiregyhaza wind can produce more energy.

3.3.3.3 The utilisation of wind energy

When comparing the calculated values, i.e. 176.84 kWh-t (without the data for 1983) and
169.85 kWh to the data from the windy areas of Hungary, it can be seen that the values for the
examined county are fairly low. When comparing the 329.29 KWh of 1982, 332.89 KWh of
1983 from Nyiregyhaza to the rest of the country, the number is very similar to that of the
Great Hungarian Plain, 365 KWh. These data refer to a unit of 1 m” surface. It the cross-

section of the wind is doubled or tripled, the efficiency equally increases.

According to Ledécs Kiss Aladar’s calculations, the diameter of a windmill for optimum wind
strength must be less than 15 metres. Therefore, he calculates with a 14.4 m diameter, where
the useful surface is 150 m?. (The whole territory of the windmill is 163 m% where 8% of the

central barren area should be extracted, thus 163-13=150 m?.)
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If calculating with this optimum surface, we get the following results:
Nyiregyhéza: 176.84 KWh x 150 m* = 26, 526 KWh

Kisvarda: 169.85 KWh x 150 m* =25, 477.5 KWh

When using the 1982-83 data of Nyiregyhaza, the result is the following:
329.29 KWh x 150 m* =49, 393.5 KWh

332.89 KWh x 150 m* =49, 933.5 KWh

From the above examples it can be seen how significantly energy can be increased with the
increase of the surface. These can be utilised in different altitudes in different ways. When
examining the specific wind efficiency of the higher altitudes of air layers, one finds that with
the altitude the speed of the wind increases significantly and its efficiency is raised on to the

third power. In both observatories the height of the gauge is 6m.

At 6 m free altitude V is the speed of the wind 1. 1L is its capacity, then

at 15 m free altitude 1.18 V is the speed of the wind, its capacity is 1.64 L
at 30 m free altitude 1.38 V is the speed of the wind, its capacity is 2.63 L
at 45 m free altitude 1.50 V is the speed of the wind, its capacity is 3.35 L
at 60 m free altitude 1.585 V is the speed of the wind, its capacity is 3.98 L

at 75 m free altitude 1.657 V is the speed of the wind, its capacity is 4.55 L.

Altitude | Nyiregyhaza (KWh) |Kisvarda (KWh)
15m 43, 502.64 41,783.1

30 m 69, 763.38 67, 005.82

45 m 88, 862.1 85, 349.62

60 m 105, 573.48 101, 400.45

75 m 120, 693.30 115, 922.62

Table 22: The changes in the capacity of the wind on the basis of the altitude changes, with in a
five-year period (for a 150 m2 surface)
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60 m free altitude is the starting point of the atmosherical layers where constant wind is
observed. Thus, if the 60 m altitude is considered optimum and the capacity of a 150 m2

surface windmill is calculated, the results are the following:

Nyiregyhaza: 26, 526 KWh x 3.98 =105, 573.48 KWh

Kisvarda: 25, 477.5 KWh x 3.98 =101, 400.45 KWh

When taking the 1982 and 1983 data of Nyiregyhaza, the values are even higher:
49, 393.5 KWh x 3.98 =196, 586.13 KWh

49, 933.5 KWh x 3.98 =198, 735.33 KWh

These numbers can speak for themselves, since the 101, 400-198, 735 KWh value means
significant energy in the category of natural resources. It is especially important in the spring
and winter month, when consumption is higher. When taking the energy consumption of a

family of four — without heating — as 1500 KWh, then the following data can be calculated:
Nyiregyhaza: 105, 573.48 KWh 70 families
Kisvarda: 101, 400.45 KWh 67 families

These figures show what amount of energy can be produced by the windmill when heating is

not considered.

If using the 1982 data from Nyiregyhaza, the values become much higher. The yearly
196, 586.13 KWh can provide energy for 131 families.
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Km/h 9 15 18 21 24 27 33 36 39 42 Osszesen
January 0.8892 2.37744 2.27394 4.36161 3.52062 1.6596 1.50003 1.94022 2.45904 6,126 27,1077
February 0.513 1.93167 3.53724 3.9651 5.8677 4.149 7.50015 9.7011 - - 37,16496
March 1.2654 3.56616 6.82182 6.74067 2.93385 5.8086 3.00006 5.82066 9.83616 - 45,79338
April 0.855 4.16052 7.83246 8.32661 9.38832 4.9788 4.50009 3.88044 - 6,126 50,04834
May 0.9576 4.60629 4.80054 5.15463 3.52062 4.9788 10.50021 3.88044 - - 38,39913
June 1.12628 2.37744 2.5266 0.79302 - - 3.00006 - - - 9,85992
July 1.2312 2.22885 4.04256 2.77557 0.5867 3.3192 1.50003 - - - 15,68418
August 0.7182 2.37744 3.28458 3.56859 1.17354 - - - - - 11,12235
September 0.855 1.18872 0.75798 - - - - - - - 2,8017
October 0.9234 1.78308 3.28458 2.37906 0.58677 - - - - - 8,95689
November 0.3078 0.44577 1.2633 1.18953 1.17354 0.8298 4.50009 3.88044 - - 13,59027
December 1.2996 2.37744 5.0532 5.15463 11.7354 4.9788 7.50015 11.64132 9.83616 9,189 68,7657
Total.: 10.9782 29.42082 45.4788 44.40912 40.48713 30.7026 43.50087 40.74462 22.13136 21,441 329.29452
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3.3.4 The local utilisation of wind energy

Even against the non-optimum national characteristics, there would be a possibility in the area
of the county for the utilisation of this energy resource. Since on the 5936 km?” surface of the
county only 2 observatories exist, due to the lack of appropriate data, it is very difficult to

estimate the future level of utilisation.

3.4 The climate of Satu Mare County

The territory of the county is located in the Western lain climatic region, due to its
geographical position and atmospherical motions. A unified climate is significant in the
region, though frequent changes can be observed here as well, because of the influence of the
Atlantic cyclic changes. The climate corresponds to a temperate one, with warmer conditions
(warm summer, milder winters than in the rest of the country), frequent spring and a relatively
low level of precipitations. In general, the temperature conditions correspond to those in the
rest of the country, but mainly to the temperature conditions of the Tisza Plain, with smaller
changes which are due to the geographical characteristics (Avas Basin, Biikk Mountains).
These all influence the level of sunshine and the secondary directions of the atmospherical
motions. The yearly average temperature is changeable; it is 8 °C at the foot of the Avas and
Gutin Mountains, 9.3 °C in Carei and 9.7 °C in Satu Mare. This is the lowest value that one
can find in the Tisza Plain; in Oradea it is 10.5°C, due to the fact that it lies closer to the
northern latitude. As a result of the continuously present oceanic bodies of air, the level of
humidity is continuously high (71%), the floral vegetation enjoying its benefits. The yearly
amount of precipitation is approximately 600mm, almost half of which (45.6%) falls in spring
and in summer. The months with the greatest quantity of rain are May and June, being
extremely important for agriculture. Due to the relatively low altitude (124m), the
atmospherical pressure is high (approx. 1, 000 mb), with small changes between the seasons.
As for the winds, the most significant direction is northwestern, in spring and summer
western, while in autumn and in winter northeastern. In general the county bears homogenous
climatic characteristics, with minor alterations between the climate of the plain and the hilly
parts. Despite all these, a more peculiar climate can be observed in the Avas Basin, it being
somewhat cooler and wetter, due to the climatic effects of the mountains, thus having small

effects on agriculture.
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Figure 36: Satu Mare County

3.4.1 Wind energy of Satu Mare County (Romania)

Wind energy resources in Romania are well documented and a whole spectrum of power
plants with wind utilisation can be discovered from the small, independent units in the country
to the larger, connected utilisations by the sea. In 2009 the set up wind energy capacity was
approximately 2.5 MW in the country. However, about 636 MW capacity is being under
realisation, out of which the major part, about 600 MW, is the windmill park of Fantanale and
Cogeleac, in the southeastern region of Dobrogea, 17 km far from the Black Sea. This park

constitutes to 30% of the Romanian renewable energy.
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Figure 37: Wind map of Romania at an altitude of 80m

Wind is a vector type meteorological element, it mainly changes in space and time, defined by

the horizontal pressure of the general circulation of the atmosphere.

The movement of atmospherical motions is mainly defined by the development of the variable

atmospherical system.

Wind is defined by two factors in space and time, the direction where it blows from, and the
speed, representing the distance the air particle covers in a given unit of time, expressed in

m/s.

The observation of the direction and of the speed of the wind is executed at an altitude of 10
m over the surface of the earth. The system of wind in Romania is defined by the specific
general atmospherical circulation and by the craggedness of the weirs in the Carpathian

Mountains, whose positions and altitude cause regional and local atmospherical movements.

The average wind speed in Romania is over 8 m/s at an altitude of 2, 000 m, 6-8 m/s at 1, 700
m and 4-6 m/s at 1, 400- 1, 600 m.

On the less cragged surfaces, the highest values of wind speed have been measured by the

Black Sea. In the case of the delta of the Danube, the shore of the Black Sea, the Dobrudja
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Plain and the higher areas of the Central Moldavian Plain the average yearly wind speed is

higher than 4 m/s.

Within the borders of the Romanian Plain the highest values are from the eastern part of the

Oltenia Plain (over 3 m/s). Similar values are characteristic of the Moldavian Plain and

Dobruja, up to the western border of the Western Plain and the southern border of the Banat.

The average yearly wind speed is 2-3 m/s in the largest part of the Western Plain and in the

Sub-Carpathian areas. In the Transylvanian Plain, except for the higher parts of the Tarnavelor

Plain, the values are 1-2 m/s. The smallest values (under 1 m/s) can be observed in the sinking

areas of the Getic Sub-Carpathians.

As far as the above mentioned areas are concerned, one must add that higher average yearly

wind speed values can also be measured where the surface is introflexed, and can be lower

than 1 m/s if the surface is convex.
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Figure 38: Average yearly wind speed in Romania (1961-2000)
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3.4.2 Solar energy in Szatmar County (Romania)

Romania used to exploit the advantages provided by solar energy, but since 1990 production,
installation, research and development have stopped in this field. The potential market for
solar energy is huge, however, special encouragement would be necessary to reach this

potential market.

The average amount of solar radiation in more than half of the country is 1100 kWh/m*-1300
kWh/m® yearly. If the opportunities provided by solar energy would be utilised for sun-
collector purposes that would generate 60 PJ energy per annum. In Romania the potential

value of electricity from solar radiation is about 1, 200 GWh.
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Figure 39: Direct solar radiation in Romania
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Figure 40: Indirect solar radiation in Romania

The number of sunlit hours indicates the period of time while there is sunlight during the day.

In Romania the highest yearly values are over 2, 300 hours as far as the number of sunlit
hours is concerned. These have mainly been recorded by the Black Sea, since there the
weather normally is clear, with no clouds in the sky, as a result of the descending

atmospherical motions because of the presence of the sea.

The plain areas show variable values, caused by the different circulation conditions of the
bodies of air. In the eastern and southeastern part this value is over 2, 100 hours, whereas in
the central and western part is over 2, 200 hours. As a result of the direct effect of the
continental air the number of sunlit hours is between 2, 047 (Satu Mare) and 2, 178

(Sinnicolau Mare).

The regions surrounded by mountains have a higher number of sunlit hours. Thus the yearly
average value in the Curvature and Getic Carpathians region exceeds 2, 000 hours. The

situation is similar in the Moldavian Plain and at the foot of the Apusen Mountains.

In the mountainous areas, where the number of foggy and cloudy days is higher, the yearly
number of sunlit hours is around 1, 900, while at an altitude of 2, 500 m is hardly 1, 600

hours.

86



Figure 41: Number of yearly average sunlit hours in Romania
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